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varied widely, depending upon the complexity of the source document, type of study, variables measured 
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for coding, classifying and calculating error were also inconsistent. Transcription errors and 
inexperienced personnel were the main source of reported error. Repeated SDV audits using the same 
dataset demonstrated ∼ 40% improvement in data accuracy and completeness over time. No description 
was given in regards to what determines poor data quality in clinical trials. 

Conclusions: A wide range of SDV auditing methods are reported in the published literature though no 
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monitor data quality in clinical research settings. 
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Abstract 38 
Introduction: Data audits within clinical settings are extensively used as a major 39 

strategy to identify errors, monitor study operations and ensure high-quality data. 40 

However, clinical trial guidelines are non-specific in regards to recommended 41 

frequency, timing and nature of data audits. The absence of a well-defined data 42 

quality definition and method to measure error undermines the reliability of data 43 

quality assessment. This review aimed to assess the variability of source data 44 

verification (SDV) auditing methods to monitor data quality in a clinical research 45 

setting. Material and methods: The scientific databases MEDLINE, Scopus and 46 

Science Direct were searched for English language publications, with no date limits 47 

applied. Studies were considered if they included data from a clinical trial or clinical 48 

research setting and measured and/or reported data quality using a SDV auditing 49 

method. Results: In total 15 publications were included. The nature and extent of 50 

SDV audit methods in the articles varied widely, depending upon the complexity of 51 

the source document, type of study, variables measured (primary or secondary), 52 

data audit proportion (3-100%) and collection frequency (6-24 months). Methods for 53 

coding, classifying and calculating error were also inconsistent. Transcription errors 54 

and inexperienced personnel were the main source of reported error. Repeated SDV 55 

audits using the same dataset demonstrated ~40% improvement in data accuracy 56 

and completeness over time. No description was given in regards to what 57 

determines poor data quality in clinical trials.  Conclusions: A wide range of SDV 58 

auditing methods are reported in the published literature though no uniform SDV 59 

auditing method could be determined for “best practice” in clinical trials. Published 60 

audit methodology articles are warranted for the development of a standardised SDV 61 

auditing method to monitor data quality in clinical research settings.  62 

 63 

Keywords: Source data verification, data quality, clinical trial, quality assurance, 64 

audit  65 

66 



3 
 

1. Introduction 67 

Clinical trials are vital to enabling a greater understanding of how interventions work 68 

in humans [1]. Therefore, it is essential that clinical trials produce accurate, complete 69 

and relevant data [2, 3]. The integral nature of good quality data and documentation 70 

practice is well accepted within the research community as conclusions and 71 

recommendations rely heavily on the outcomes of the data. As part of quality 72 

assurance practices, modifications to study practices are made to prevent errors 73 

occurring, however, no universally accepted method for measuring error rates 74 

currently exists [4]. Within the published literature, it is generally accepted that if 75 

greater than 10% of data is missing or incorrect, analysis of the data is considered to 76 

be unreliable [5, 6]. Data audits are conducted to verify that data is appropriately 77 

documented, coded and classified and may assess compliance to a protocol. To 78 

allow for this all data must be recorded on source documentation to reconstruct the 79 

trial as it happened and allow for an independent observer to confirm the data 80 

validity [7]. Without source data, audits cannot be completed and the fundamental 81 

principle of protecting participant rights, safety and well-being cannot be guaranteed. 82 

Therefore, data audits work closely with quality assurance processes by allowing on-83 

site monitoring activities to aid study investigators to improve data quality and overall 84 

study operations. Quality assurance audits, within clinical settings, are extensively 85 

used and are a significant strategy to ensure high-quality data [4, 5, 8, 9]. However, 86 

on-site audits are infrequently published or reported. This may be due to non-specific 87 

audit methods, lack of time and funding or the publishing of audit methodology is not 88 

seen as a ‘value added’ activity [10-12]. Published methodology papers are 89 

warranted to promote routine auditing within academic and commercial clinical 90 

research settings.  91 

 92 

In clinical trials auditors should evaluate whether the data is collected and managed 93 

in accordance with a known quality standard such as the International Conference 94 

on Harmonisation (ICH) guideline E6 on Good Clinical Practice (GCP), 1996 [13]. 95 

According to the ICH-GCP, there is a need for on-site monitoring before, during and 96 

after a clinical trial, but they do not specify the frequency and nature of such 97 

monitoring. This refers to the complete clinical record of the participant and includes 98 

the process of applying eligibility criteria and participant consent throughout the trial 99 
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until the participant completes the study and the report is published [7]. The practice 100 

of source data verification (SDV) fulfills the ICH-GCP requirements and is a process 101 

of comparing data collected on original source documents to data recorded on a 102 

case report form (CRF) or electronic record [13]. Source documents are considered 103 

the “gold standard” from which data is obtained in clinical trials [10, 14, 15]. The 104 

United States Food and Drug Administration (FDA) released a guideline in 1988 for 105 

Monitoring of Clinical Investigations leading to a general agreement that completing 106 

100% SDV was required to meet the needs for high data quality and integrity [16]. 107 

These guidelines have since been withdrawn. The updated guidelines [17] promote 108 

the use of alternative monitoring methods such as, risk-based approaches to 109 

monitoring. Similarly, an updated ICH guideline E6(R2) was released in 2015 which 110 

addressed audits, though the guideline still does not provide detail regarding auditing 111 

methods and an ‘acceptable’ level of error [18]. The guidelines suggest that “when 112 

significant noncompliance is discovered, the sponsor… should perform a root cause 113 

analysis and implement appropriate corrective and preventative actions. If required 114 

by applicable law or regulation the sponsor should inform the regulatory 115 

authority(ies) when the noncompliance is a serious breach of the trial protocol or 116 

GCP”[18]. Without a clear definition of what ‘noncompliance’ and ‘serious’ breach 117 

refer to, it is left up to interpretation of the investigator. This leaves individual 118 

organisations to set their own approach for data auditing, thus justifying the need for 119 

clear and suitable systematic methods to monitor data quality. 120 

 121 

The cost-effectiveness of SDV has been questioned; it is an expensive and labour 122 

intensive activity [10] with estimates that monitoring site data represented 25-30% of 123 

the total study cost [19]. Research grants seldom include funding for an audit 124 

program [20], however, costs may be reduced by 40% by simultaneously reducing 125 

the amount of data collected and number of on-site visits. Further, as quality 126 

assurance improves and is reinforced throughout a study, the cost of completing 127 

audits, in turn, decreases [10]. Nevertheless, it is recognised that effective annual 128 

data audits on 10-20% of records are a cheaper solution [10] though the suggestion 129 

of a 5-10% random sample of participant records has been considered adequate for 130 

on-site auditing [21]. It is often assumed that a greater percentage of data audited is 131 

associated with improved data quality; although there is no experimental or statistical 132 

evidence to support this premise [22].  133 
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 134 

Thus, the aim of this review is to assess the variability of SDV auditing methods to 135 

monitor data quality in a clinical research setting. It was hypothesised that data 136 

quality variations are due to unclear SDV auditing methods existing within clinical 137 

research settings. 138 

 139 

 140 

2. Material and methods 141 

A literature review was conducted with reference to frameworks for establishing 142 

evidence for practice provided by the Australian Government National Health and 143 

Medical Research Council (NHMRC) [23] and followed the requirements of the  144 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 145 

checklist [24]. To ensure a standard and detailed method was applied the Cochrane 146 

Handbook for Systematic Reviews of Interventions was consulted for guidance [25]. 147 

Studies reviewed were assessed for quality to identify potential risk of bias using the 148 

Academy of Nutrition and Dietetics Evidence Analysis Library quality rating checklist 149 

[26]. The review addressed the research question, “Is there consistency in SDV 150 

auditing methods to monitor da ta quality in clinical research?”  151 

 152 

A methodical search was conducted using MEDLINE, Scopus and Science Direct 153 

scientific databases to identify relevant articles that had assessed data quality 154 

through the use of a SDV audit. An identical search strategy was applied using the 155 

following keywords: (source data verification OR source document verification OR 156 

data monitor* OR data collect*) AND (quality control OR quality assurance) AND 157 

(medical trial OR medical record OR clinical trial OR clinical record) AND (medical 158 

audit OR clinical audit OR data audit OR audit) AND (data quality OR data integrity 159 

OR data quality improvement) AND (error* OR data). No date limits were set for the 160 

search.  Publications were restricted to those published in the English language due 161 

to lack of translation resources and included only human participants. This ad-hoc 162 

literature review was undertaken to focus on clinical research trials who have 163 

implemented SDV auditing methods. Medical Subject Heading (MeSH) were 164 

deemed inappropriate due to the topic of research being an emerging area within the 165 

literature. Specific MeSH terms are used to describe articles for medical records 166 
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while this research focuses on clinical research. Potentially relevant articles were 167 

screened by title and abstract and subsequently through full-text if required. Where 168 

data was not immediately available in the published article, reference lists were 169 

hand-searched and corresponding authors were contacted to clarify outcomes.  170 

 171 

 172 

3. Results  173 

A total of 802 articles were identified with 183 articles not meeting the inclusion 174 

criteria (49=non-English and 134=non-human participants). Please refer to Figure 1 175 

for full details. 176 

 177 

3.1 Description of studies 178 

Ultimately, 15 relevant published articles were scrutinised and summarised in Table 179 

1. Eight articles assessed the accuracy, completeness, and reliability of a database 180 

[14, 15, 27-32] and seven assessed the performance and value of a SDV method [5, 181 

6, 9, 12, 33-35]. There was substantial heterogeneity in study design, in particular 182 

with respect to error coding, classification, and calculation. Three articles reported 183 

data from randomised controlled trials (RCTs) [27, 28, 33]; three from comparative 184 

cohort studies [9, 15, 29]; two from interrupted time series with no control [12, 14]; 185 

two from historical control studies [5, 6]; three from cohort studies with no 186 

comparison [30, 31, 34]; one from a single-arm study [35] and one from a pre-187 

test/post-test study design [32]. All 15 articles were deemed to have sound study 188 

design and scientific rigour overall (Additional file 1). 189 

 190 

 191 

The types of clinical studies from the 15 included articles are summarised in Table 2. 192 

Although no year restriction was applied, the majority of publications were published 193 

within the past ten years (n=10) and represent studies in six different countries within 194 

institutional (n=10) and academic research (n=5) organisations. Studies 195 

implemented various auditing methods to suit individual policy and procedures for 196 

study design. 197 

 198 
3.2 Methods of source data verification 199 
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The nature and extent of the SDV audit methods varied depending upon the amount 200 

of data collected and the complexity of the source document [5]. Data 201 

inconsistencies resulted from how studies recorded information and how they 202 

entered, stored and formatted the data [29]. Two articles demonstrated that health 203 

records and auditing tools differed within the same study [9, 29]. Good data quality 204 

also appeared to be related to the effectiveness of data-monitoring plans which had 205 

a functioning structure and efficiently organised data [34]. In turn, knowledge, and 206 

experience of data entry personnel involved in data management were related to the 207 

error rate [34]. Abstraction and transcription of data were identified as the steps most 208 

likely to introduce error [5, 34]. Similarly, the design of the CRF was considered 209 

important to minimise error and needs to be emphasised [34].  210 

 211 

Three publications which implemented multiple SDV audits on the same dataset 212 

found an improvement in data quality over the duration of the study [12, 15, 29]. 213 

Completion of a re-audit reported a 50% decrease in the overall error rate. The 214 

remaining errors existed due to data existing on the source document but not 215 

entered into the database, rather than minor and major incorrect values [29]. 216 

Mphatswe et al. [12] found the level of completeness increased 38% and accuracy 217 

increased 28% when comparing the first and third audits. A re-audit of data elements 218 

was identified as suboptimal and should only be targeted for further continuous data 219 

quality interventions [15, 32]. 220 

 221 

SDV was considered to be time-consuming, expensive and not necessarily free from 222 

error [9, 28, 33, 35], however, interpretation of on-site issues provided much more 223 

than just identification of error [6]. For example, identifying whether errors were 224 

systematic allowed for potential solutions and recommendations to be introduced for 225 

overall quality improvement [5, 6]. Two publications suggested that central 226 

monitoring, such as remote SDV and risk assessment are more effective at 227 

identifying data errors when compared to traditional on-site 100% SDV, the method 228 

recommended by the ICH-GCP [9, 33]. For a precise understanding of how and 229 

where errors lie within a dataset,  on-site monitoring can provide greater insight into 230 

problems and aid in identifying potential solutions for improvement, not only within 231 

the data, but the clinical study itself [6].  232 

 233 
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3.3 Variables, frequency, and amount of source data verification  234 

Only one included publication completed traditional on-site 100% SDV [34]. All 235 

others completed a random sample of data points, CRFs, study participants or 236 

centres. Key data variables were not defined consistently but included important data 237 

items such as primary and secondary endpoints, informed consent, eligibility criteria, 238 

randomisation distribution, adverse events and safety data [5, 9, 12, 14, 27, 28, 33]. 239 

Further to this, seven publications did not state or specify if variables were critical to 240 

the outcome of the study [6, 15, 29-32, 35].  241 

 242 

The frequency of SDV audits was stated in nine publications, in which two conducted 243 

SDV before, during and after data entry [12, 28], though one did not report on 244 

specific time intervals [12]. Time points varied (6-24 months) between publications 245 

[9, 15, 28, 31, 35] and this was due to study design and/or implementation of study 246 

interventions such as an electronic medical record (EMR) [14].  Two publications 247 

depended on completing a second audit based on the percentage of expected 248 

participant enrollments (20-30% and 70-80%) [5] as well as identifying sites that 249 

required major quality interventions [29]. However, no description was given in 250 

regards to what determined poor quality data.  251 

 252 

The number of participants, files and centres included for each SDV audit varied and 253 

the amount of SDV varied depending on the nature and size of the data generated. 254 

Random sampling was the most common auditing method implemented, however 255 

the amount of participants (8-94%) [9, 14, 15, 27-30, 33], files (3-10%) [31, 35] or 256 

centres (11-35%) [6, 12, 32] randomly selected differed substantially. The remaining 257 

two publications implemented methods including; a specific number of files per 258 

centre, [34] and expected participant enrolment [5]. 259 

 260 

3.4 Error coding, classification, and calculation  261 

The method used to code, classify and calculate error varied widely. Of the 14 262 

publications that classified or coded data only eight provided clear definitions for the 263 

codes [5, 9, 12, 27, 29, 31, 34, 35]. One did not specify coding or an explanation of 264 

how error rates were calculated at all [28]. Published auditing methods were 265 

implemented in four publications, the National Cancer Institute (NCI) method for 266 

auditing cases [5, 27] and the European Organisation for the Research and 267 
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Treatment of Cancer (EORTC) [29, 34]. The total error was described in the 268 

literature by dividing total erroneous and missing points by total audited points [5, 14, 269 

29], a standard error calculation [30, 31], and calculating an agreement rate [6, 12]. 270 

Thus, dissimilarities in the available auditing methods were a key finding 271 

demonstrating the heterogeneity in SDV auditing methods. 272 

Identifying errors through retrospective checking and data cleaning was a more 273 

successful method when compared to detection through data entry itself [28]. 274 

Reporting of error rates depended on how data was abstracted within the individual 275 

studies and results varied greatly (<1% to 71%). No systematic pattern was 276 

determined for CRF-to-database audits. Reported discrepancies had a minor impact 277 

on the primary outcome of the study, with the error reported at <1% [5, 33]. On the 278 

other hand, both source document-to-database and source document-to-CRF 279 

average error rates were much greater (~10-20%) for the majority of publications 280 

(n=9). The main source of error (0.4-14.5%) was from transcribing data from paper to 281 

electronic records [34]. Knowledge and experience of the data management and 282 

entry personnel were directly related to efficient data collection and organisation, 283 

which was linked to the percentage of error found [34].  284 

 285 

Visual inspection, by manually checking data through SDV, allows identification of 286 

errors that fall outside predetermined values [28, 32]. The majority of publications 287 

implemented continuous extensive range, logic, and consistency checks via an 288 

electronic database [5, 6, 28, 30, 32, 33]. Errors within these articles were 289 

considerably lower when compared to those that did not implement additional 290 

checks. Errors were identified instantly and correctly resubmitted prior to auditing 291 

[33]. 292 

 293 

 294 

4. Discussion 295 

This literature review has identified that there are limited methodological publications 296 

available on quality assurance procedures within clinical research settings. With the 297 

available published data, this review highlights the heterogeneity of SDV auditing 298 

practices and the significant variations in procedures, policies, requirements, and 299 

technologies of the audit designs used in clinical studies. As only four publications 300 

used an established SDV audit method considerable variation amongst terminology 301 
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and methodology was found [5, 27, 29, 34]. Parallel with results from this literature 302 

review a survey conducted by the Society of Clinical Data Management reported up 303 

to seven different methods used to calculate error rates leading to variances in the 304 

results [4]. Therefore, it is evident there is a need to create clear definitions and 305 

guidelines to avoid ambiguity.  306 

 307 

This literature review identified that completing 100% SDV requires careful 308 

consideration as it does not guarantee error-free results. Interestingly, only one 309 

publication in this review completed traditional 100% SDV of all data points [34]. 310 

Additionally, key data for auditing was defined inconsistently throughout studies and 311 

variations may have been subject to the study investigators personal judgement. 312 

However, completing 100% SDV on secondary data that is not subsequently used 313 

for analyses may not be cost-effective. This aligns with Eisenstein et al. [19] who 314 

compared the amount of data collected and the effect this had on the cost of the 315 

clinical trial. They found that the most efficient way to reduce trial costs, without 316 

compromising scientific objectives, was to reduce the number of on-site monitoring 317 

visits. Despite this, the Institute of Medicine is concerned that any discrepant data 318 

points identified during monitoring will bring into question the reliability and validity of 319 

the whole dataset [36]. From the outcomes of this review the authors suggest that 320 

data audit characteristics such as conducting 100% SDV on critical endpoints and 321 

random selection of 10% SDV of non-critical endpoints, could be a more accurate 322 

and cost-effective method to ensure data quality. A quality improvement plan should 323 

be implemented for a follow-up audit if the error is found to be greater than 10%, to 324 

revise and improve site procedures. This suggested data audit method would need 325 

to be tested against a traditional method (e.g. 100% SDV) to provide evidence for 326 

implementation. 327 

 328 

Although there is currently a lack of knowledge regarding alternative auditing 329 

methods, the literature supports changing the focus from on-site SDV audits to 330 

employing other methods to monitor clinical trials [33]. Central monitoring techniques 331 

such as risk-based monitoring, which include identifying critical errors by a risk-332 

algorithm or risk-assessment model, have been recently welcomed by the research 333 

community. Critical errors are those that are crucial to the quality of the data and 334 

may affect the primary outcome of the study. Thus, quality assurance is determined 335 
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based on the level of risk identified and assessed on various critical data points or 336 

activities. Two large academic groups in France [37] and Germany [38] are 337 

conducting large RCTs comparing risk-based monitoring and on-site SDV and 338 

compliance with GCP. The German group recently (August 2017) published findings 339 

that risk-based monitoring utilises less than 50% of resources compared to intensive 340 

on-site monitoring, which only had a small benefit (8.2%) relative to the overall 341 

findings [39]. This study is a major step towards improving auditing methods. 342 

Previously in the literature, other researchers have captured and overlapped 343 

essential elements of established sociotechnical models to evaluate the acceptance 344 

of new technology into a unified theoretical model [40]. The researchers’ suggest, 345 

based on the analysis of the current literature, that future research should draw on a 346 

similar approach and include the strongest elements of previously tested methods 347 

and investigate the feasibility of creating a single consolidated method for all clinical 348 

research. However, it is essential that the method allow for adaptations according to 349 

study context and data availability. 350 

 351 

With emerging literature on technology improvements, there are new opportunities 352 

and concerns about the increase in reuse of clinical research data. The American 353 

Medical Informatics Association stressed the urgency and complexity of issues that 354 

surround the secondary use of clinical data and compiled a set of recommendations 355 

that warrant the need for standards and clear rules to define evidence [41]. 356 

Additionally, Mackenzie et al. [42] conducted a survey that found one of the primary 357 

obstacles related to integrated data repositories included data quality and standard 358 

issues. It is evident that with our improvements in clinical systems and data sharing, 359 

this issue is of great importance now more than ever. Clearer auditing methods are 360 

required to ensure high data quality is guaranteed during primary data collection and 361 

at a larger-scale for the use of clinical data in biomedical research.   362 

 363 

The scope of this literature review was limited to the small number of articles 364 

identified by the selection of keywords. It is presumed that many clinical studies 365 

undergo audits, but do not publish their methods, as they may be considered 366 

confidential by many organisations [4]. According to the ICH-GCP, the FDA does not 367 

assess the results of audits directly and rather guides the sponsor(s) on how to 368 

conduct audits [18]. However, procedures on how to audit, what to audit, the 369 
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frequency of audits, and the form and content of audits are left to the sponsor to 370 

design and determine. It is recommended that each country’s regulatory authority 371 

(European Union – European Medicines Agency (EUA), Japan – Pharmaceuticals 372 

and Medical Devices Agency (PMDA), Canada – Therapeutic Products Directorate 373 

(TPD) and Australia – Therapeutic Goods Administration (TGA)) guide this process 374 

but only seek audit reports when serious legal proceedings and/or GCP non-375 

compliance exists [18]. It is understood that the pharmaceutical industry enforces 376 

tightly regulated monitoring activities and may have determined what methods are 377 

optimal, though this again cannot be determined from the current published 378 

literature.  379 

 380 

SDV audit methods are varied because each article is assessing different primary 381 

outcomes. The majority of the literature included for the review was considered to 382 

have low levels of evidence according to study types [23]. Additionally, the focus on 383 

clinical research trials may of ruled out relevant articles from the informatics and 384 

library science literature. Limited articles took into consideration whether a SDV audit 385 

was effective in achieving quality assurance. These limitations made it difficult to 386 

determine and justify clinical significance in relation to acceptable data quality. The 387 

lack of evidence in the literature regarding methods of SDV is a strong indication of 388 

the need to conduct further research in this area. The lack of adequate detail in the 389 

original publications may also have affected the strength of our conclusions. All 390 

articles differed in their study size, country of origin, ethnicity, education level, 391 

resources and method for implementing a SDV were varied. Therefore, the main 392 

limitation of this review is being unable to compare the methods of SDV auditing 393 

against each other. As this area of research is growing, it was the researchers’ 394 

decision to not use only MeSH terms, descriptors and concepts. Consideration is 395 

required as the review spans a number of disciplines and limiting to MeSH terms 396 

may in turn limits the search strategy and number of relevant articles returned. 397 

Although MeSH terms were not incorporated in the search strategy, a stringent 398 

systematic procedure was followed and guided by the NHMRC framework and 399 

PRISMA checklist. Further, a quality-rating process was implemented to identify 400 

potential bias and a range of scientific databases were utilised as recommended by 401 

the Cochrane handbook highlighting the strength of this review.   402 

 403 
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Overall analyses of included articles suggest that the importance of data structure 404 

and the added potential for correcting errors are valuable.  Future research is 405 

required focussing on the value of SDV to support trial investigators who wish to 406 

ensure data integrity, but must work within the limits of funding and resource 407 

availability. Unique and different approaches for data audit characteristics may be 408 

more appropriate and need to be taken into consideration for example; comparing 409 

RCT to observational studies. Determining an acceptable error rate is also warranted 410 

to assess the quality and monitor clinical research data. The question of “how many 411 

errors are too many?” is difficult to answer as the included variables and the 412 

robustness of the study design play a significant role in determining the amount of 413 

error.  414 

 415 

 416 

5. Conclusion 417 

This literature review provides an overview of the use of SDV auditing methods and 418 

the issues related to its use. The review demonstrates few articles reporting audit 419 

methods in a clinical setting. There is inconsistency in the methodology of SDV 420 

auditing in clinical research studies and a scarcity of evidence to support best 421 

practice. Therefore a gap in the literature has been identified and a need to assess 422 

SDV auditing methods in clinical studies. Based on the small number of identified 423 

publications and a lack of experimental evidence, no uniform SDV auditing method 424 

or approach can be determined for the conduct of clinical trials. The utilisation and 425 

improvement of SDV auditing methods are required. Based on the current literature 426 

recommendations for using a combination of a random sample of participants’ 427 

records (≥10%); both critical and non-critical variables and multiple audits (before, 428 

during and after) with quality improvement feedback should be included in the SDV 429 

audits. This combination is considered to be a cost-effective solution to ensure data 430 

quality, at least until further studies are conducted.  431 



14 
 

List of abbreviations  432 

CRF: Case report form 433 

EMR: Electronic medical record 434 

ICH-GCP: International Conference on Harmonisation – Good Clinical Practice  435 

NCI: National Cancer Institute 436 

NHMRC: National Health and Medical Research Council 437 

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses 438 

SVD: Source data verification  439 

 440 

Competing interests 441 

The author(s) declare that they have no competing interests.  442 

 443 

Declarations/Author contributions 444 

This research received no specific grant from any funding agency, commercial or 445 

not-for-profit sectors. L. H. conceptualised and formulated the research question, 446 

designed the study, carried out the study, evaluated the data, drafted the initial 447 

manuscript, revised the manuscript and approved the final manuscript as submitted; 448 

Y. P. and A. M. made substantial contributions to the study design, analysis, and 449 

interpretation of the data critically reviewed the manuscript, edited and approved the 450 

final manuscript as submitted.  451 

 452 

LEGEND/CAPTIONS 453 

Figure 1: Search strategy PRISMA flow diagram 454 

 455 

 456 
 457 

  458 



15 
 

REFERENCES 459 
 460 

1. National Institute of Health (NIH), Learn about Clinical Trials. In. Edited by Health 461 
USNIo; 2014. 462 

2. Bhatt A: Quality of clinical trials: A moving target. Perspectives in Clinical Research, 463 
2011;2(4):124-128.http://dx.doi.org/10.4103/2229-3485.86880. 464 

3. Bowman S: Impact of electronic health record systems on information integrity: 465 
quality and safety implications. Perspectives In Health Information Management, 466 
2013;10:1c-1c. 467 

4. Rostami R, Nahm M, Pieper CF: What can we learn from a decade of database 468 
audits? The Duke Clinical Research Institute experience, 1997--2006. Clinical Trials 469 
(London, England), 2009;6(2):141-470 
150.http://dx.doi.org/10.1177/1740774509102590. 471 

5. Nahm ML, Pieper CF, Cunningham MM: Quantifying data quality for clinical trials 472 
using electronic data capture. PLoS ONE, 473 
2008;3(8).http://dx.doi.org/10.1371/journal.pone.0003049. 474 

6. Clarke DR, Breen LS, Jacobs ML, Franklin RC, Tobota Z, Maruszewski B, Jacobs JP: 475 
Verification of data in congenital cardiac surgery. Cardiol Young, 2008;18 Suppl 476 
2:177-187. 477 

7. Bargaje C: Good documentation practice in clinical research. Perspectives in Clinical 478 
Research, Vol 2, Iss 2, Pp 59-63 (2011), 2011(2):59.http://dx.doi.org/10.4103/2229-479 
3485.80368. 480 

8. Macefield RC, Beswick AD, Blazeby JM, Lane JA: A systematic review of on-site 481 
monitoring methods for health-care randomised controlled trials. Clin Trials, 482 
2013;10(1):104-124.http://dx.doi.org/10.1177/1740774512467405. 483 

9. Mealer M, Kittelson J, Thompson BT, Wheeler AP, Magee JC, Sokol RJ, Moss M, Kahn 484 
MG: Remote source document verification in two national clinical trials networks: A 485 
pilot study. PLoS ONE, 2013;8(12):E81890-. 486 

10. Califf RM, Karnash SL, Woodlief LH: Developing systems for cost-effective auditing of 487 
clinical trials. CONTROL CLIN TRIALS, 1997;18(6):651-488 
660.http://dx.doi.org/10.1016/S0197-2456(96)00237-1. 489 

11. Gardner Karen L, Dowden M, Togni S, Bailie R: Understanding uptake of continuous 490 
quality improvement in Indigenous primary health care: lessons from a multi-site 491 
case study of the Audit and Best Practice for Chronic Disease project. 492 
Implementation Science, 2010(1):21. 493 

12. Mphatswe W, Mate KS, Bennett B, Ngidi H, Reddy J, Barker PM, Rollins N: Improving 494 
public health information: A data quality intervention in Kwazulu-Natal, South Africa. 495 
Bull WHO, 2012;90(3):176-182.http://dx.doi.org/10.2471/BLT.11.092759. 496 

13. International Conference on Harmonisation of technical requirements for 497 
registration of pharmaceuticals for human use 1996, ICH Harmonized Tripartite 498 
Guidelines: Guideline for Good Clinical Practice E6(R1). 499 
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E500 
6/E6_R1_Guideline.pdf 1996, Accessed 12 October 2014. 501 

14. Castelnuovo B, Kiragga A, Afayo V, Ncube M, Orama R, Magero S, Okwi P, Manabe 502 
YC, Kambugu A: Implementation of Provider-Based Electronic Medical Records and 503 
Improvement of the Quality of Data in a Large HIV Program in Sub-Saharan Africa. 504 
PLoS ONE, 2012;7(12).http://dx.doi.org/10.1371/journal.pone.0051631. 505 

http://dx.doi.org/10.4103/2229-3485.86880
http://dx.doi.org/10.1177/1740774509102590
http://dx.doi.org/10.1371/journal.pone.0003049
http://dx.doi.org/10.4103/2229-3485.80368
http://dx.doi.org/10.4103/2229-3485.80368
http://dx.doi.org/10.1177/1740774512467405
http://dx.doi.org/10.1016/S0197-2456(96)00237-1
http://dx.doi.org/10.2471/BLT.11.092759
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_Guideline.pdf
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E6/E6_R1_Guideline.pdf
http://dx.doi.org/10.1371/journal.pone.0051631


16 
 

15. Cunningham R, Sarfati D, Hill S, Kenwright D: An audit of colon cancer data on the 506 
New Zealand cancer registry. New Zealand Med J, 2008;121(1279):46-56. 507 

16. Bakobaki JM, Rauchenberger M, Joffe N, McCormack S, Stenning S, Meredith S: The 508 
potential for central monitoring techniques to replace on-site monitoring: Findings 509 
from an international multi-centre clinical trial. Clin Trials, 2012;9(2):257-510 
264.http://dx.doi.org/10.1177/1740774511427325. 511 

17. FDA, Guidance for Industry, oversight of clinical investigations - a risk-based 512 
approach to monitoring. 513 
http://www.fda.gov/downloads/Drugs/.../Guidances/UCM269919.pdf 2013, 514 
Accessed 06 July 2016. 515 

18. International Conference on Harmonisation of technical requirements for 516 
registration of pharmaceuticals for human use 2015, E6(R2) Good Clinical Practice. 517 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/518 
Guidances/UCM464506.pdf 2015, Accessed 30 June 2016. 519 

19. Eisenstein EL, Lemons Ii PW, Tardiff BE, Schulman KA, Jolly MK, Califf RM: Reducing 520 
the costs of phase III cardiovascular clinical trials. Am Heart J, 2005;149(3):482-521 
488.http://dx.doi.org/10.1016/j.ahj.2004.04.049. 522 

20. Ward R: Examining methods and practices of source data verification in Canadian 523 
critical care randomised controlled trials. University of Ottawa: Faculty of Medicine, 524 
Ottawa, Canada, 2013. 525 

21. Knatterud GL, Rockhold FW, George SL, Barton FB, Davis CE, Fairweather WR, 526 
Honohan T, Mowery R, O'Neill R: Guidelines for quality assurance in Multicenter 527 
Trials: A position paper. CONTROL CLIN TRIALS, 1998;19(5):477-528 
493.http://dx.doi.org/10.1016/S0197-2456(98)00033-6. 529 

22. Tantsyura V, Grimes I, Mitchel J, Fendt K, Sirichenko S, Waters J, Crowe J, Tardiff B: 530 
Risk-Based Source Data Verification Approaches: Pros and Cons. Drug Inf J, 531 
2010;44(6):745-756.http://dx.doi.org/10.1177/009286151004400611. 532 

23. National Health and Medical Research Council (NHMRC). How to use the evidence: 533 
assessment and application of scientific evidence: handbook series on preparing 534 
clinical practice guidelines. 535 
https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/cp69.pdf 2000, 536 
Accessed 01 April 2015. 537 

24. Moher D, Liberati A, Tetzlaff J, Altman DG, Altman D, Antes G, Atkins D, Barbour V, 538 
Barrowman N, Berlin JA et al: Preferred reporting items for systematic reviews and 539 
meta-analyses: The PRISMA statement. PLoS Med, 540 
2009;6(7).http://dx.doi.org/10.1371/journal.pmed.1000097. 541 

25. Higgins JPT, Green S: Cochrane Handbook for Systematic Reviews of Interventions: 542 
Wiley; 2011. 543 

26. Academy of Nutrition and Dietetics. Evidence Analysis manual: steps in the Academy 544 
Evidence Analysis process, research and Strategic Business Development Academy of 545 
Nutrition and Dietetics. 546 
https://www.andeal.org/files/Docs/2012_Jan_EA_Manual.pdf 2012, Accessed 01 547 
April 2014. 548 

27. Christian MC, McCabe MS, Korn EL, Abrams JS, Kaplan RS, Friedman MA: The 549 
National Cancer Institute audit of the National Surgical Adjuvant Breast and Bowel 550 
Project Protocol B-06. NEW ENGL J MED, 1995;333(22):1469-551 
1474.http://dx.doi.org/10.1056/NEJM199511303332206. 552 

http://dx.doi.org/10.1177/1740774511427325
http://www.fda.gov/downloads/Drugs/.../Guidances/UCM269919.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM464506.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM464506.pdf
http://dx.doi.org/10.1016/j.ahj.2004.04.049
http://dx.doi.org/10.1016/S0197-2456(98)00033-6
http://dx.doi.org/10.1177/009286151004400611
https://www.nhmrc.gov.au/_files_nhmrc/publications/attachments/cp69.pdf
http://dx.doi.org/10.1371/journal.pmed.1000097
https://www.andeal.org/files/Docs/2012_Jan_EA_Manual.pdf
http://dx.doi.org/10.1056/NEJM199511303332206


17 
 

28. Van Den Broeck J, Mackay M, Mpontshane N, Luabeya AKK, Chhagan M, Bennish ML: 553 
Maintaining data integrity in a rural clinical trial. Clin Trials, 2007;4(5):572-554 
582.http://dx.doi.org/10.1177/1740774507084106. 555 

29. Duda SN, Shepherd BE, Gadd CS, Masys DR, McGowan CC: Measuring the quality of 556 
observational study data in an international HIV research network. PLoS ONE, 557 
2012;7(4).http://dx.doi.org/10.1371/journal.pone.0033908. 558 

30. Horbar JD, Leahy KA: An assessment of data quality in the Vermont-Oxford Trials 559 
Network Database. CONTROL CLIN TRIALS, 1995;16(1):51-560 
61.http://dx.doi.org/10.1016/0197-2456(94)00019-Y. 561 

31. Herbert MA, Prince SL, Williams JL, Magee MJ, MacK MJ: Are unaudited records from 562 
an outcomes registry database accurate? Ann Thorac Surg, 2004;77(6):1960-563 
1964.http://dx.doi.org/10.1016/j.athoracsur.2003.12.018. 564 

32. Xian Y, Fonarow GC, Reeves MJ, Webb LE, Blevins J, Demyanenko VS, Zhao X, Olson 565 
DM, Hernandez AF, Peterson ED et al: Data quality in the American Heart Association 566 
Get with the Guidelines-Stroke (GWTG-Stroke): Results from a National Data 567 
Validation Audit. Am Heart J, 2012;163(3):392-568 
398.e391.http://dx.doi.org/10.1016/j.ahj.2011.12.012. 569 

33. Tudur Smith C, Stocken DD, Dunn J, Cox T, Ghaneh P, Cunningham D, Neoptolemos 570 
JP: The Value of Source Data Verification in a Cancer Clinical Trial. PLoS ONE, 571 
2012;7(12).http://dx.doi.org/10.1371/journal.pone.0051623. 572 

34. Vantongelen K, Rotmensz N, Van Der Schueren E: Quality control of validity of data 573 
collected in clinical trials. Eur J Cancer Clin Oncol, 1989;25(8):1241-574 
1247.http://dx.doi.org/10.1016/0277-5379(89)90421-5. 575 

35. Andrianopoulos N, Dinh D, Duffy SJ, Clark DJ, Brennan AL, Chan W, Shardey GC, 576 
Smith JA, Yap CH, Buxton BF et al: Quality Control Activities Associated with 577 
Registries in Interventional Cardiology and Surgery. Heart Lung Circul, 578 
2011;20(3):180-186.http://dx.doi.org/10.1016/j.hlc.2010.11.001. 579 

36. Davis JR, Nolan VP, Woodcock J, Estabrook RW: Assuring Data Quality and Validity in 580 
Clinical Trials for Regulatory Decision Making: Workshop Report.  1999. 581 

37. Journot V, Pignon JP, Gaultier C, Daurat V, Bouxin-Métro A, Giraudeau B, Preux PM, 582 
Tréluyer JM, Chevret S, Plättner V et al: Validation of a risk-assessment scale and a 583 
risk-adapted monitoring plan for academic clinical research studies - The Pre-584 
Optimon study. Contemp Clin Trials, 2011;32(1):16-585 
24.http://dx.doi.org/10.1016/j.cct.2010.10.001. 586 

38. Brosteanu O, Houben P, Ihrig K, Ohmann C, Paulus U, Pfistner B, Schwarz G, Strenge-587 
Hesse A, Zettelmeyer U: Risk analysis and risk adapted on-site monitoring in 588 
noncommercial clinical trials. Clin Trials, 2009;6(6):585-589 
596.http://dx.doi.org/10.1177/1740774509347398. 590 

39. Brosteanu O, Schwarz G, Houben P, Paulus U, Strenge-Hesse A, Zettelmeyer U, 591 
Schneider A, Hasenclever D: Risk-adapted monitoring is not inferior to extensive on-592 
site monitoring: Results of the ADAMON cluster-randomised study. Clin Trials, 593 
2017:1740774517724165.http://dx.doi.org/10.1177/1740774517724165. 594 

40. Venkatesh V, Morris MG, Davis GB, Davis FD: User acceptance of information 595 
technology: Toward a unified view MIS Quarterly, 2003;27(3):425-478. 596 

41. Safran C: Toward a national framework for the secondary use of health data: An 597 
American Medical Informatics Association white paper. Journal of the American 598 
Medical Informatics Association : JAMIA, 2007;14(1):1-9. 599 

http://dx.doi.org/10.1177/1740774507084106
http://dx.doi.org/10.1371/journal.pone.0033908
http://dx.doi.org/10.1016/0197-2456(94)00019-Y
http://dx.doi.org/10.1016/j.athoracsur.2003.12.018
http://dx.doi.org/10.1016/j.ahj.2011.12.012
http://dx.doi.org/10.1371/journal.pone.0051623
http://dx.doi.org/10.1016/0277-5379(89)90421-5
http://dx.doi.org/10.1016/j.hlc.2010.11.001
http://dx.doi.org/10.1016/j.cct.2010.10.001
http://dx.doi.org/10.1177/1740774509347398
http://dx.doi.org/10.1177/1740774517724165


18 
 

42. MacKenzie SL, Wyatt MC, Schuff R, Tenenbaum JD, Anderson N: Practices and 600 
perspectives on building integrated data repositories: results from a 2010 CTSA 601 
survey. J Am Med Inform Assoc, 2012;19(e1):e119-602 
124.http://dx.doi.org/10.1136/amiajnl-2011-000508. 603 

 604 

http://dx.doi.org/10.1136/amiajnl-2011-000508


 
 

 

Records identified through database searching 
Search 1: MEDLINE (n=223), Search 2: Scopus (n=132), Search 3: Science Direct (n=447)

(n=802)

 
  

 

Sc
re

en
in

g  

In
cl

ud
ed

 

El
ig

ib
ili

ty  

Id
en

tif
ic

at
io

n  

Records after duplication removed 
(n =575)

 

 
 

Full-text articles assessed for eligibility 
(n=116) 

 
 

Studies included in critical appraisal
(n=15) 

 
 

  
 

Records screened 
(n=619)  

 
 

Title and abstract assessed for eligibility
 (n=575) 

 
 

Full-text articles excluded
(n=101)

Reasons:
- Data not from a clinical trail/

research setting (n=38)
- Did not measure/report data 

quality through verifying orginal 
data with data entered to a 

CRF or electronic record (SDV)
(n=63) 

 

 

Records excluded if not 
available in English language and did 

not include human participants 
(n=183)

 

Articles excluded using title and 
abstract 
(n=459)

Reasons:
- Articles on data coding, linkage 

or mining (n=12)
- Articles on other data assessment 

methods (n=12)
- Articles on electronic health 

records (n=15)
- Review articles (n=18)

- Quality of life/care studies (n=22)
- Articles on registry development and

evaluation (n=39)
- Articles on clinical trial development 

and management (=63)
-  Articles on database and technology 

infrustructute development (n=96)
- Articles on specific disease and

treatments (n=182)



Table 1: Summary of the effects of SDV auditing methods on data quality in clinical research articles 

Author, year 

SDV method 

 

Source Data, 
n(%) 

Frequency Variables, 
n 

Key 
data 
only 

Data 
coded 

Coding 
defined 

Total error 
calculated 

Outcomes/Comments 

Source 
document 

to 
database 

CRF to 
database 

Source 
document 

to CRF 

   
 

 
    

Andrianopoulos 
et al. (2011)35    F 

Audit  
1(a): 

178(3); 
1(b): 

143(5) 
Audit  
2:*(5) 

Audit 1: 
annually 
Audit 2: 

N/A 

Audit 1(a): 
10; 1(b):15 
 
Audit 2: 39     

Current auditing process 
of the 2 databases is 
rigorous reflecting a high 
degree of accuracy 
Agreement >96% for all 
3 audits. 

Castelnuovo et 
al. (2012)14    P 

Pre: 
100** 
Post: 

10920** 

Pre and 
post 4     

Introduction of an EMR 
improved data quality. 
Audit completed before 
and after introduction of 
EMR. 

Christian et al. 
(1995)27    P 1554 

(86) N/A 11      
Audit confirmed 
adequacy of data for 
reanalysis. 

Clarke et al. 
(2008)6    C 5(25) N/A 20      

On-site SDV provided 
insight into problems 
and identified solutions 
for improvement. 

Cunningham et 
al. (2008)15    P 942(94) Annually 6     

Data quality improved 
over the study. 
Discrepancies between 
the database and 
clinical record were 
examined for accuracy. 

Duda et al. 
(2012)29    P 184(86) 

Re-audit of 
sites with 

major error 

As many 
forms, a 

site could 
locate 

    

The total error was 15%. 
Re-audited records 
decreased 50% in error. 
5 out 7 sites had >10% 
error. Major errors due 
to data not entered and 
missing documents. 



Herbert et al. 
(2004)31    F 247(10) 6 months 315     

Discrepancies occurred 
in <5% of total data 
fields of the 99% of all 
audited charts 

Horbar et al. 
(1995)30    P 635(15) N/A 10      

Data keying errors 
reduced by introducing 
additional checks (logic, 
range and consistency). 

Mealer et al. 
(2013)9    P 32(30) 2 years 

All primary 
and 

secondary 
endpoints 

    

99% of data values were 
successfully monitored 
by remote SDV 
compared to traditional 
SDV. 

Mphatswe et al. 
(2012)12    C 78(35) 

Before, 
during and 

after 
6     

Completeness and 
accuracy of data 
improved from 1st to 3rd 
audit. Accuracy was 
determined by the 
degree of agreement. 

Nahm et al. 
(2008)5    P 

Audit 
1: 

*(20-30) 
Audit 2: 
*(70-80) 

Two-time 
points 11     

Abstraction and 
transcription are most 
likely to introduce error. 
Error rates are 
dependent on the 
amount of data collected 
and the complexity of 
source documents. 

Tudur Smith et 
al (2012)33    P 533** N/A All key 

variables     

SDV is time-consuming, 
expensive, not 
necessarily error-free 
and identified random 
errors that had a minor 
impact. Central 
monitoring could be 
more effective than 
traditional SDV. 

Van den Broeck 
et al (2007)28    P 499(8) 

Before, 
during and 
after (every 
6 months) 

6      

Error rate <1% set as a 
criterion for successful 
data. Difficulties 
included staff 
experience. Analysed 
data quality based on 
data flow stages. 



CRF: Case Report Form; C: Centres; EMR: Electronic Medical Record; F: Files; SDV: Source Data Verification; P: Participants. 
Data, n(%): Refers to the number (n) of participants, files or centres audited compared to the total participants, files or centres available to audit. For example, 5(25) 
is five centres included or participated in data audit from a total of 20 centres, therefore 25%.  
Key data: include critical data points to the outcome of the study. May include; but not limited to primary/secondary endpoints, adverse events, certain 
inclusion/exclusion criteria and informed consent. 
Centres: include medical and health centres/facilities and hospitals 
* Audited number (n) of participants, files or centres not available in publication. Only a percentage provided.  
** Total number of participants, files or centres not available in publication, therefore unable to calculate percentage. 

Vantongelen et 
al. (1989)34    F 430 

(100) N/A All items on 
CRF     

Incorrect data transfer 
was the main source of 
error. CRF design is 
important. Knowledge 
and experience of data 
management associated 
with % error. 

Xian et al. 
(2011)32    C 147(11) N/A 35     

Accuracy of data 
elements ranged 79-
99.5%. Data elements 
with suboptimal 
accuracy should be 
targeted for 
improvement. 



Table 1: Overview of the types of trials of included articles 
Author, year Country Research / 

Institutional 
publication  

Publication Topic 

Andrianopoulos et al. (2011)35 Australia Institutional Cardiac surgery 
Castelnuovo et al. (2012)14 Africa Institutional HIV/AIDS 
Christian et al. (1995)27 USA Institutional Cancer 
Clarke et al. (2008)6 USA Institutional Cardiac surgery 
Cunningham et al. (2008)15 New 

Zealand 
Institutional Cancer 

Duda et al. (2012)29 South 
America 

Institutional HIV/AIDS 

Herbert et al. (2004)31 USA Institutional Cardiac surgery 
Horbar et al. (1995)30 USA Research Low birth weight 
Mealer et al. (2013)9 USA Research Acute respiratory 

syndrome and rare 
paediatric liver disease 

Mphatswe et al. (2012)12 Africa Institutional HIV/AIDS 
Nahm et al. (2008)5 USA Institutional Drug abuse treatment 
Tudur Smith et al (2012)33 UK Research Cancer 
Van den Broeck et al (2007)28 Africa Research Micronutrient 

supplementation 
Vantongelen et al. (1989)34 Europe Research Cancer 
Xian et al. (2011)32 USA Institutional Stroke 

HIV/AIDS; Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome; UK: United 
Kingdom; USA: United States of America  
Research publication: Publications affiliated with academic research organisations 
Institutional publication: Publications affiliated with only the pharmaceutical industry 
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