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“A road forks into two pathways, one true and one dangerous.

At the crossroads, two twin brothers stand.

One always tells the truth, the other always lies...”

(Old logical theorem)
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1. INTRODUCTION



1.1. Positive publication bias

Ensuring the reliability and credibility of evidence from clinical trials is essential. Accordingly,
methodologically sound and ethically conducted research requires transparent reporting of patient-
centered and study design elements (1,2).

A paramount challenge to the concepts of open science and unobstructed data and knowledge
dissemination is the phenomenon of selective publication, or publication bias (PB) (3). Selective
publication itself could originate at multiple levels, ranging from journal editors to study sponsors or
investigators themselves (4). In essence, the root cause for publication bias can be expressed as various
forms of conflict of interest, with editors viewing the null-studies as less valuable and thereby
protecting their respective journal’s impact factor (IF) (3), while industry sponsors could be susceptible
to withholding the information if it would undermine the commercial viability of the researched
product (5). A recent study investigating publication bias in anesthesiology research found that it was
identified in 17.9% of articles from 2016 to 2024 (6).

Ultimately, the core issues that enable publication bias are a lack of transparency and the unavailability
of trial data. In response to these issues, the concept of clinical trial registries emerged as a potential
solution to alleviate the downstream impact of publication bias on clinical practice (7). Improved
accessibility of data in a specific subtype of data registry, clinical quality registries (CQR), was recently

even assigned quantifiable economic value in a study by Lee et al. (8)

1.2. Historical background of the trial registration process

According to Tonks (9), a register listing clinical trials registers was established in 1987 at Brown
University in the United States and contained over 500 entries, predominantly dedicated to topics of
AIDS or cancer.

The year 2004 is the pivot point in the history of the trial registration process. A strong casus for wide
trial registration endorsement campaign happened in June 2004 when the state of New York launched a
lawsuit against the GlaxoSmithKline pharmaceutical company following a case that attracted particular
public attention (10). At the time, there was an ongoing scientific debate about the safety profile of
selective serotonin-reuptake inhibitor drugs regarding the potential for suicidal behaviour in children
(11). An internal document from the company was leaked showing that they conducted two trials that

showed no treatment benefit for their marketed drug paroxetine, but chose not to disclose results due to



expected commercial consequences (12). In the aftermath of the public backlash, GlaxoSmithKline
announced that they would, from that moment, form a register of clinical trials under their sponsorship,
with trial protocol summaries and publicly available results (13). Soon after, in October 2004, during
the Cochrane Colloquium in Ottawa, Canada, a group composed of systematic reviewers and
pharmaceutical industry representatives discussed the necessity and possible forms of clinical trial
registration, which would later be known as the “Ottawa group” (14). In November 2004, ministers and
health representatives from 59 countries met in Mexico City for the Summit on Health Research (15)
and, in conclusion, called for the establishment of a framework for a network of international clinical
trial registries that could be available from a single access point (16). The World Health Assembly
followed through with endorsement of this initiative. leading to the establishment of the International
Clinical Trial Registry Platform (ICTRP) of the World Health Organization (WHO) in 2005 (5). The
platform was launched in 2006 and further supported by the creation of the Clinical Trial Search Portal
(CTSP) to fulfill the second part of the Mexico Summit’s resolution and provide a unified data search

and access point. Table 1 lists all of the registries currently part of the ICTRP.

Table 1. List of trial registers that are part of ICTRP. Created with information presented in the ICTRP
website (17,18)

ICTRP Primary registry Acronym Year of establishment
Australian New Zealand Clinical Trials Registry ANZCTR 2005
Brazilian Clinical Trials Registry ReBec 2011
Chinese Clinical Trial Registry ChiCTR 2005
Clinical Research Information Service (Republic of Korea) CRiS 2010
Clinical Trials Information System (EU/EEA) CTIS 2022
Clinical Trials Registry - India CTRI 2007
Cuban Public Registry of Clinical Trials RPCEC 2007
EU Clinical Trials Register EU-CTR 2004
German Clinical Trials Register DRKS 2008
Iranian Registry of Clinical Trials IRCT 2008
International Standard Randomised Controlled Trial Number ISRCTN 2000
International Traditional Medicine Clinical Trial Registry ITMCTR 2022
Japan Registry of Clinical Trials jRCT 2018
Lebanese Clinical Trials Registry LBCTR 2019

Thai Clinical Trials Registry TCTR 2009




Pan African Clinical Trial Registry PACTR 2009
Peruvian Clinical Trial Registry REPEC 1995
Sri Lanka Clinical Trials Registry SLCTR 2006

Subsequently, the World Medical Association (WMA) general assembly included the following article
in the 2008 version of the Declaration of Helsinki, guiding the ethical principles for medical research
involving human subjects:

“Every clinical trial must be registered in a publicly accessible database before recruitment of the first
subject.” (19)

The scientific validity of data available on registers is reflected in the recommendations of the
Cochrane Collaboration. The Cochrane Handbook for Systematic Reviews of Interventions states that
“Cochrane Reviews of interventions should search relevant trials registers and repositories of results...
It is important to note that trials registers are an important source of information about completed,
terminated, and ongoing trials, and an increasingly important source of results for completed and
terminated trials, especially those whose results have not been published.” (20)

A timeline of key milestones in establishing the clinical trial registration process is presented in Figure

1.

February 2000 Clinicaltrials.gov launched

June 2004 Lawsuit againt GlaxoSmithKline
October 2004 the Ottawa Statement
November 2004 Mexico City Summit

July 2005 ICMJE requires prospective clinical trial registration

2006 ICTRP establishment

September 2007 FDAAA enactment

2008 Declaration of Helsinki mandates trial registration

January 2017 FDAAA Final Rule enactment

Figure 1. A timeline overview of some of the notable events in the history of clinical trial registrations.

Image by Author.



1.3. The role of the International Committee of Medical Journal Editors in endorsing the trial

registration

The International Committee of Medical Journal Editors (ICMJE) gradually evolved from informal
meetings of a group of medical journal editors that first met in 1978 in Vancouver, British Columbia, to
propose a set of uniform guidelines for submission of papers to their journals (21). Determined to
address the problem of selective reporting, ICMJE communicated a firm stance on the issue of
necessity for establishment of the trial registration practices in the 2004 statement (22), announcing that
“The ICMJE member journals will require, as a condition of consideration for publication, registration
in a public trials registry. Trials must register at or before the onset of patient enrollment. This policy
applies to any clinical trial starting enrollment after July 1, 2005.” A list of criteria necessary to accept
the chosen public registry as a valid registration option was provided, aligning closely with the similar
requirements for trial data transparency as the Ottawa group. At the time, the only public registry that
met the stated conditions was www.clinicaltrials.gov. Today, more than two decades later, the policy
enforced (23) requires pre-registration of trials in any designated primary registry of the ICTRP before
publication submission to their member journals. A total of 24 standardized data items created by the
WHO are endorsed by the ICMJE and are the minimum required for registries in the ICTRP (see Table
2 for a list of data items) (24).

Table 2. List of 24 items in the current version (1.3.1) of the WHO Trial Registration Data Set (TRDS).
WHO data set item

Primary Registry and Trial Identifying Number
Date of Registration in Primary Registry
Secondary Identifying Numbers

Source(s) of Monetary or Material Support
Primary Sponsor

Secondary Sponsor(s)

Contact for Public Queries

Contact for Scientific Queries

Public Title

L e N e A L

f—
e

Scientific Title

—
—

Countries of Recruitment

Health Condition(s) or Problem(s) Studied

[EN
N




13. Intervention(s)

14.  Key Inclusion and Exclusion Criteria
15.  Study Type

16. Date of First Enrollment
17.  Sample Size

18. Recruitment Status

19. Primary Outcome(s)

20. Key Secondary Outcomes
21.  Ethics Review

22.  Completion date

23, Summary Results

24.  IPD sharing statement

1.4. ClinicalTrials.gov as the implementation of the Food and Drug Administration legislation

The Food and Drug Administration (FDA) is a part of the United States Department of Health and
Human Services that regulates drugs, biologics, and medical devices in the biomedical field (25). The
importance of the FDA in the context of clinical trial registration starts with the enactment of the Food
and Drug Administration Modernization Act of 1997 by the United States Congress, mandating that the
National Institute of Health (NIH) create a public registry for clinical trials involving human subjects
(26). The design of the system began in September 1998, and the site was publicly available in
February 2000, containing more than 4,000 registry entries (27). Today the ClinicalTrials.gov is the
world’s largest clinical trial registry platform with 583,713 registered studies as of May 06, 2026.
(Figure 2).

ClinicalTrials.gov includes studies conducted in over 200 countries, with US-only studies representing
only 29% of the total number of registered trials, indicating that ClinicalTrials.gov has outgrown its

initial context of national importance (Figure 3).
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Figure 2. Number of registered studies on ClinicalTrials.gov over time (Official website diagram,
accessed on May 05, 2026) (28).

Percentage of recruiting studies by location (as of 2026-05-06)
Total of 64,767 studies

B LS. only
B Non-U.S. only

Both U.S. and non-U.S.
BN Mot provided

Number of Recruiting Studies and Percentage of Total

Location

(as of 2026-05-06)
U.S. only 19,158 (30%)
Non-U.S. only 42,489 (66%)

Both U.S. and non-U.S. 3,120 (5%)
Not provided 0 (0%)

Total 64,767 (100%)

Figure 3. Percentage of recruiting studies on ClinicalTrials.gov by location (Official website diagram,

accessed on May 05, 2026) (28).



Further refinement of the legislation (and the ones essential to the design of this dissertation) came with
the 2007 Food and Drug Administration Amendment Act (FDAAA). The registration to the
ClinicalTrials.gov registry with mandatory disclosure of results and adverse events is required of
studies that meet the definition of an "applicable clinical trial" (ACT) and either were initiated after
September 27, 2007, or initiated on or before that date and were still ongoing as of December 26, 2007.
ACTs were all interventional clinical trials, other than phase 1, about FDA-regulated drugs, biological
products, or devices (29,30).
The FDAAA was revised in 2016, and the Final Rule, effective from January 18, 2017, established
additional requirements to facilitate researchers’ reporting of study design elements (29).
The definition of ACTs was updated in the Final rule:
“ACTs generally include interventional studies (with one or more arms) of FDA-regulated drug,
biological, or device products that meet one of the following conditions:
* The trial has one or more sites in the United States
* The trial is conducted under an FDA investigational new drug application or investigational
device exemption
* The trial involves a drug, biological, or device product that is manufactured in the United
States or its territories and is exported for research”.

The ACT checklist is presented in Figure 4.



= I 3 Clinical Trials.qov is a service of the
Chn Ical T ria ls'g oy National Institutes of Heaith.

Checklist for Evaluating Whether a Clinical Trial or Study is an Applicable Clinical Trial (ACT)
Under 42 CFR 11.22(b) for Clinical Trials Initiated on or After January 18, 20171
(NOT FOR SUBMISSION?)

Instructions: Answer the following questions to evaluate whether the study is an applicable clinical trial (ACT). Use the
accompanying "Elaboration” for additional information to help answer the questions.

Question Yes No

1. Is the study interventional (a clinical trial)? [’ I:l
Study Type data element is “Interventional”

2. Do ANY of the following apply (is the answer “Yes” to at least one of the following D D
sub-questions: 2a, 2b, OR 2c¢)?
a. Is at least one study facility located in the United States or a U.S. territory?

Facility Location — Country data element is “United States,” “American Samoa,”
“Guam,” “Northern Mariana Islands,” “Puerto Rico,” “U.5. Virgin Islands,” or other
U.S. territory.

b. Is the study conducted under a U.S. FDA Investigational New Drug application (IND)
or Investigational Device Exemption (IDE)?
U.5. Food and Drug Administration IND or IDE Number data element is “Yes."”

c. Does the study involve a drug, biological, or device product that is manufactured in
and exported from the U.S. (or a U.S. territory) for study in another country?

Product Manufactured in and Exported from the U.S. data element is “Yes."”

3. Does the study evaluate at least one drug, biological, or device product regulated by the [’ |:|
United States Food and Drug Administration (U.5. FDA)?
Studies a U.S. FDA-regulated Device Product data element is “Yes” and/or
Studies a U.5. FDA-regulated Drug Product data elementis “Yes.”

4. s the study other than a Phase 1 trial of a drug and/or biological product or is the I:I |:|
study other than a device feasibility study?

For drug product trials, Study Phase data element is NOT “Phase 1" and
for device product trials, Primary Purpose is NOT “Device Feasibility.”

If “Yes"” is answered to all 4 questions, and the study was initiated on or after January 18, 2017, the trial would meet
the definition of an ACT that is required to be registered under 42 CFR 11.22.

Figure 4. Checklist for evaluation of ACTs provided by the FDA (Official website, accessed on March
13, 2026) (31).

This legislation stipulates a trial registration deadline of 21 days after the enrollment of the first trial
participant (32). The deadline is to be observed by the responsible party, either the study sponsor or the

designated principal investigator.



1.5. Adherence to the trial registration policies

Although the FDAAA, ICMIJE, and WHO clearly stated these requirements in order to encourage
complete trial data reporting, the underreporting and inconsistencies in trial data are persistently
present, especially regarding the adverse events reporting data items (33,34). Furthermore,
discrepancies between trial registry data and corresponding publications have been reported in other
studies (35—-37).

Even though these measures are tools specifically designed to reduce the instances of biased reporting
in trial publications, they are overall not recognized as useful tools by study reviewers, the majority of
whom do not use the possibility of trial registry — publication comparison as a tool to validate the
integrity of trial data while considering the manuscripts for publication (38).

Registration deadline policies are not adhered to any better; recent studies (39,40) found that at least

one-third of randomized controlled trials (RCTs) were retrospectively registered.

1.6. Previous research on trial data reporting quality in anesthesiology

In a December 2025 study, Kantheti et al. established that anesthesiology-related trials represent 2.4%
of the total ClinicalTrials.gov pool (41). Highlighting the underreporting of essential data in
anesthesiology RCTs is warranted, given the severity of cases and potential complications in this field
(42,43). Although RCTs are key to advancing the progress of anesthesiology methods and practices, the
quality of trials evaluating drugs used in anesthesiology has so far been insufficiently studied. The
paucity of existing studies mostly focused on investigating discrepant outcome reporting as a possible
indicator of publication bias (44—47). Both Jones et al. (44) and De Oliveira et al. (45) used impact
factor to select highest-ranking anesthesiology peer-reviewed journals and investigated the reporting
quality of a few selected study design elements. Riemer et al. (47) determined that only 8% of trials on
postoperative nausea and vomiting (PONYV) prevention drugs were prospectively registered, and then
compared the outcome reporting in registered and published versions of those trials. They found that
26% of prospectively registered trials had an added primary outcome, 32% had a demoted primary
outcome, and 26% had outcomes with altered assessment times. Their methodology did not include a
direct comparison of prospectively and retroactively registered trials, except for the Cochrane Risk of

Bias assessment tool score.



Selective reporting of anesthesiology trial data has the potential to lead to adverse consequences when
translating trial data and conclusions into clinical practice (48). Therefore, unfortunately, although the
practice of evidence-based decision-making aims to reduce the incidence of anesthesia-related

morbidity and mortality, in real-world conditions it may not achieve the desired effect (49).



2. AIMS AND HYPOTHESES



2.1. Study objectives

Since the evidence about the reliability of data reporting from anesthesiology clinical trials is scarce,
and motivated by the potential negative impact of misreported trial data, we created a cohort of
anesthetic-related RCTs subject to the FDAAA and aimed to investigate the consistency of the
reporting of WHO Data Set Items, trial results, and adverse events between data reported in
ClinicalTrials.gov and corresponding publications.

Our study is the first to form a cohort using the ClinicalTrials.gov registry, examine a broad spectrum

of study data items, and perform a subgroup analysis.

2.2. Primary outcomes

A) We used descriptive statistics to examine discrepancies and inadequacies in data item reporting.
Analogous to the FDAAA reporting requirements, among the WHO Data Set Items we selected the
following data categories due to their intrinsic special importance in conveying relevant patient and

study design information:

(1) results and outcome probability measures (reported statistical methods, p-values, interquartile
ranges, and confidence intervals);

(2) adverse events (stratified into serious (SAE) and other adverse events (OAE);

(3) all-cause mortality;

(4) study size;

(5) study outcome;

(6) study arm;

(7) selection criteria;

(8) date of enrollment; and

(9) frequencies of compliance with the ClinicalTrials.gov trial registration deadline (one month after

the study start date).

B) We selected a set of independent variables to test for frequencies in data misreporting between the

most recent ClinicalTrials.gov registered version and corresponding publications:



(a) trial funding type

(b) whether or not the trial was published in a journal claiming to follow ICMJE recommendations

(c) whether or not the trial complied with ClinicalTrials.gov legislation regarding the deadline for trial
registration

(d) whether the trial was conducted by a single research center or multicentric;

(e) whether the trial belongs to older (stratified into two groups: 2009-2012 and 2013-2016) or more
recent (2017-2020) publications in our cohort based on the updated FDAAA legislation in 2017.

(f) whether the trial was published in an anesthesiology journal.

(g) whether the trial was published in a journal indexed by JCR.

Criteria for classification of the trials into our predictor subgroup variables are explained in section

3.4.4.

2.3. Secondary outcomes

A) Acknowledging the significance of the Final Rule's implications, a subgroup analysis within our
cohort compared the All-cause mortality reporting in trials registered before and after the Final Rule

compliance deadline.

B) We created a binary logistic regression model utilizing the same (a)-(e) subgroups as predictor
variables, with the exception that subgroup (e) was instead stratified in the same manner as in the
secondary outcome A). We formed a composite dependent variable that indicated the presence of a
reporting discrepancy across the following study data elements: results, SAE, OAE, and mortality. The
variable is therefore dichotomous, with a single misreporting instance indicating a positive value for
data misreporting, while all selected data categories must be reported adequately to deem the trial
consistently reported. Initially, we planned to use any reporting discrepancies in the data categories (1)-
(9). However, we could identify no single RCT in our cohort that did not contain reporting
discrepancies in at least one data item. Instead, we selected the patient-relevant data items that share a
thematic link and are of special importance for both the clinical application and for downstream

translation into meta-research.



C) We also conducted a univariable binary logistic regression analysis that used the IF of each trial’s
publication journal as a predictor variable to test against the consistency of reporting of the chosen data
categories (1) — (9). Trials were removed from the analysis if they were published in a journal that was

not indexed in the JCR at the time of publication.



3. METHODS AND DATA SOURCES



3.1. Study design

This is a cross-sectional study. While preparing the dissertation we adhered to Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) guidelines for cross-sectional
observational studies (50). An overview of the methods implementation process is available in Figure

5.

Clinicalfrials.gov datlabase Duplicates removal / Manual Corresponding publications
search for anesthesiology

RCTs check for eligibility criteria search and retrieval

A
A

Formation of RCT cohort

A

Data extraction »| Interobserver reliability testing

Descriptive statistics Statistical inference

v v

Chi squared analysis Logistic regression

Figure 5. Study flowchart.



3.2. Study eligibility criteria

The inclusion criteria were: RCTs having

(a) ClinicalTrials.gov registration number; and

(b) investigated 29 drugs used in anesthesiology (51):

- intravenous anesthetics: propofol, thiopental, midazolam, etomidate, ketamine

- inhalational anesthetics: sevoflurane, isoflurane, desflurane, enflurane, halothane, xenon, nitrous
oxide

- opioids: fentanyl, alfentanyl, sulfentanyl, remifentanyl, morphine

- muscle relaxants and reversal drugs: succinylcholine, rocuronium, vecuronium, pancuronium,
atracurium, cisatracurium, mivacurium, suggamadex

- local anesthetics: bupivacaine, levobupivacaine, ropivacaine

- sedatives: dexmedetomidine.

We excluded trials that

a) were first posted on ClinicalTrials.gov two years after the FDAAA mandate (September 27, 2009),
allowing a period of two years for trials to publish and post results;

(b) were last updated on ClinicalTrials.gov after the day of our search, May 6, 2022;

(c) non-interventional studies;

(d) phase 1 clinical trials;

(e) trials that were not designated as completed by the time of the search;

(f) trials that have not disclosed results to ClinicalTrials.gov

(g) trials that are not subject to the FDAAA New Rule

(h) trials that did not have a corresponding publication and

(i) trials with published results that were pooled with the results of other trials.

3.3 Trial and publication search and retrieval

The anesthetic drug names were used one at a time as the primary search term in the ClinicalTrials.gov

advanced search, while the exclusion criteria (a)-(f) served as search filters. First author (IV)

downloaded the search results in the form of a spreadsheet file to be used in subsequent data analysis.



As aresult of this action, duplicate versions of the same trial were often created in the spreadsheet,
since a single National Clinical Trial (NCT) number could be returned for multiple chosen drugs. The
same NCT identifier numbers were utilized to mark duplicates for removal from the spreadsheet by
using the Microsoft Excel built-in “Remove duplicates” function.

A trial’s ClinicalTrials.gov entry provides links to associated publications of studies cited in MEDLINE
but to reduce accessing potentially non-relevant publications that did not report current data from our
selected trials (52), we also searched MEDLINE via PubMed using the NCT number from
ClinicalTrials.gov along with the PubMed secondary source identification tag [si] (e.g., NCT01068600
[si]) for trials that did not contain links to publications. A Google Scholar search query using the NCT
study identifier was also performed. We also searched PubMed and Google Scholar manually for

publications using the provided author's name and the study title from ClinicalTrials.gov.

3.4. Data extraction from ClinicalTrials.gov and publications

3.4.1. Data reporting discrepancy types

We deemed any quantitative or qualitative differences between ClinicalTrials.gov’s most recent
available trial entries and the corresponding data in publications to be discrepant.

Numeric discrepancies were defined as differences in quantitative data, such as a rating scale value or
the number of patients affected.

Qualitative data discrepancies changed the meaning or interpretation of the reported data. Qualitative
discrepancies included trial outcome data or specific selection criteria presented in one version and
completely omitted in another, data in publications not presented in a comprehensible manner (purely
graphically), lacking adverse events categories in the published or the registered version that are
present in the other data source, or even missing any mention of adverse events.

All of the specific instances of misreporting were recorded. Recorded data extracted from
ClinicalTrials.gov were numerically coded according to a previously calibrated coding manual based

on consensus discussions between the authors and presented in tabular format.



3.4.2. Identification of discrepant reporting of All-Cause Mortality

Subsequent to the enactment of the Final Rule, an All-Cause Mortality field to trial records was added
to ClinicalTrials.gov trial entries. This created a specific issue that needed to be addressed to preserve
the intrinsic validity of our methodology, because trials completed prior to this period could only report
deaths as adverse events or study outcomes, due to the absence of a designated field to report
participant deaths (53). Therefore, we deemed trials completed prior to January 18, 2017 (deadline for
compliance with the Final Rule) as reporting participant death adequately when explicitly reported in
any part of the Results section in ClinicalTrials.gov. For trials completed on or after January 18, 2017,
we assessed the reporting of participant death in the designated All-Cause Mortality field of the Results
section in ClinicalTrials.gov. All-Cause Mortality was deemed not reported if the trialists did not assign
a numerical value to the number of patients affected, either explicitly zero or frequencies >1, in the All-
Cause Mortality field on ClinicalTrials.gov for trials completed after January 18, 2017. For the pre-
Final Rule trials, we considered All-Cause Mortality reported when data were presented on
ClinicalTrials.gov and in publications as adverse events, outcome, results, or as part of participant flow
data.

Applying the same principle, serious and other adverse events were deemed as reported when explicitly
assigned a numerical value either as zero or as frequencies >1 on ClinicalTrials.gov and in
publications; therefore, trials that did not list zero in the field were treated as not explicitly reporting

zero deaths.

3.4.3. Identification of trials that started before registration

Since the retrospective registration functionally served both as a subgroup assignment in our cohort and
as an outcome, a critical aspect of our study design was precise identification of RCTs that started
before registration in ClinicalTrials.gov. ClinicalTrials.gov trial entry provides the exact date
(MM/DD/YYYY) when the trial was first posted. However, the same entry provides only the month
and year of the trial start, lacking the specific date. Therefore, the exact calculation and evaluation of
whether or not trialists complied with the 21-day deadline for registration after the enrollment of the
first participant is impossible (39). With the goal of avoiding bias while categorizing the trials as
starting before or after registration, we allowed a one-month reporting period “buffer window” to

reduce deeming trials as non-compliant with the registration deadline. This methodology was similarly



used by Zarin et al. (54), but we slightly adjusted the tolerance window to align with our study

objectives.

3.4.4. Classification of trials into chosen subgroups

Industry or non-industry funding was identified from funding details in ClinicalTrials.gov records.
Publication in a journal claiming ICMJE recommendations was verified by cross-checking with the
ICMIJE’s official list at the time of data extraction (55). The ICMJE no longer maintains this list as of
April 2025 due to concerns that many journals do not actually follow ICMJE recommendations (56),
but this was still the current practice during our study. Single-center or multicenter status was
determined using the ClinicalTrials.gov “Locations” field and by manually checking the publication.
Publication in an anesthesiology journal was determined by its classification under the category
“anesthesiology” in Journal Citation Reports (JCR) (57). If not indexed by JCR, a journal one

investigator (IV) considered an anesthesiology journal if its name included synonyms for

b N3 » «

“anesthesiology,” “anesthesia,” “pain medicine,” or “perioperative medicine.” In parallel, the IF value
assigned to each journal by the JCR at the time of publication for the respective RCT was recorded for

use as the sole predictor variable in the univariate logistic regression analysis. .

3.5 Inter-observer reliability

The authors' independent extractions were reliability-tested to assess the possibility of subjective
interpretation of discrepancies between the registered and published data, potentially inducing a data
collector bias. The test was conducted on a 10% random sample of the eligible RCTs. A high inter-
observer reliability was obtained, ranging from the lowest kappa of 0.65 (95% CI 0.02-1.00) for study
size and study arm reporting to the highest kappa of 1.00 for study size and mortality reporting. For the
outcome assessment reliability, we first achieved a high reliability score (kappa=0.83, 95% CI 0.61-
1.00) and then, through consensus discussions, reached an agreement concerning separate primary and
secondary outcome assessments. For the serious and other adverse events, kappa scores were high
(kappa=0.92, 95% CI 0.77-1.00 and kappa=0.91, 95% CI 0.75-1.00). The agreement in ratings of the
results and probability measures reporting was also good (kappa =0.89 — 0.93, 95% CI 0.67-1.00). The

senior author (SP) reviewed all the remaining extractions by IV.



3.6. Statistical Analysis

No sample size calculation or power analysis was necessary.

We reported descriptive data using frequencies and percentages for categorical variables. Afterward, we
performed Chi-square analyses to determine differences in the frequencies of discrepant data reporting
between the registry and publications, using Cramér’s V (¢@c) as an effect size measure.

We used binary logistic regression to test for the association between the dependent and independent
variables in secondary outcome B). The relationships were examined in a single model. We performed
and reported goodness-of-fit and explained-variance metrics based on the Chi-square omnibus tests of
model coefficients, the Hosmer-Lemeshow test, Nagelkerke R2, and Cox & Snell outputs, and used the
variance inflation factor (VIF) for collinearity diagnostics. Regression results were reported as odds
ratios (OR) with 95% confidence intervals (CI).

We used univariate logistic regression analysis to determine the association between any discrepancy in
reporting of data items (1) — (9) and the publication journal’s IF, a continuous variable, as an
independent variable. Goodness-of-fit and explained variance were assessed using the Chi-square
omnibus tests of model coefficients, the Hosmer-Lemeshow tests, Nagelkerke R2, and Cox & Snell
outputs, and the results were reported. Regression results were reported as odds ratios (OR) with 95%
confidence intervals (CI).

For all the statistical analyses, we used IBM SPSS Statistics for Windows, version 26 (IBM Corp.,

Chicago, IL, USA). Statistical tests with P-values below 0.05 were considered as significant.



4. RESULTS



4.1. Trial selection

The search for trials through the ClinicalTrials.gov database was performed on May 6, 2022. The
search initially returned 1264 entries, of which 487 were duplicates. We removed further 162 trials after
the manual search since they did not meet our eligibility criteria and were (a) presented in the search
yield due to mislabeling, or (b) they were linked to publications that pooled the results of multiple
trials; a case which requires manual identification and selection since ClinicalTrials.gov search engine
does not provide the option of filtering trials that are part of pooled research process. A further 247
trials were removed because they could not be linked to any publication by the process described in
section 3.3. Finally, we removed 110 trials that were not subject to the FDAAA New Rule. 258 trials

were therefore selected as our cohort. The trial selection flowchart is shown in Figure 6.

Search engine yield using inclusion and exclusion criteria as parameters:
1264 NCT entries yielded.

-~

487 NCT entries identified as search query duplicates and removed:
777 RCTs identified.

-~

After manual check 162 entries are determined to be mislabelled by registry
and removed since they do not meet the selection criteria:
615 RCTs identified.

-

Search for corresponding publications for 247 registered trials did not
yield findings and they are removed:
368 RCTs selected for analysis.

-~

110 entries removed because they are not subject to the FDAAA New Rule:
258 RCTs selected for analysis.

Figure 6. RCT selection flowchart.



4.2 Trial characteristics

Study characteristics are presented in Table 3. Most trials were phase 4 (63.6%), non-industry funded

(79.1%), and had at least one site in the United States (98.8%). Plain bupivacaine was the most

frequently studied drug (27.9%), followed by ketamine (16.3%) and ropivacaine (14.0%). The number

of bupivacaine trials is even higher if we do not discern between trials performed on plain and

liposomal bupivacaine (overall 40.7%). We did not identify trials matching our selection criteria for the

following nine drugs: thiopental, enflurane, halothane, xenon, pancuronium, atracurium, mivacurium,

levobupivacaine, dexmedetomidine. 28.7% of trials failed to register within 21 days of starting.

Table 3. Study characteristics

Total number of trials: 258

Trial corresponding publications by year (n, %)

2009 3(1.2%) 2015 44 (17.1%)
2010 15 (5.8%) 2016 35 (13.6%)
2011 20 (7.8%) 2017 40 (15.5%)
2012 26 (10.1%) 2018 15 (5.8%)
2013 26 (10.1%) 2019 6 (2.3%)
2014 27 (10.5%) 2020 1 (0.4%)
Study size
Median Range
80 1554
Number of trial study arms
Median Range
2.00 6.00
Number of trial primary outcomes
Median Range
1.00 8.00
Study funding source (n)
Industry 54
Non - industry 204




Trials location

United States of

America: 255 Turkey 2
Australia
Austria: Czechia
Belgium Finland
Denmark ‘ Lithuania !
Germany South Korea
Taiwan
Spain 3
Trial clinical phase (n, %)
Phase 1| Phase 2 4 (1.6%)
Phase 2 35 (13.6%)
Phase 2| Phase 3 12 (4.7%)
Phase 3 43 (16.7%)
Phase 4 164 (63.6%)
Trials by studied anesthetic (n, %)
Bupivacaine 72 (27.9%) Desflurane 5 (1.9%)
Ketamine 42 (16.3%) Remifentanyl
Ropivacaine 36 (14.0%) Sulfentanyl 4 (1.6%)
Morphine 33 (12.8%) N20
Liposomal bupivacaine 33 (12.8%) Vecuronium 3 (1.2%)
Fentanyl Alfentanyl
Midazolam 2 (10.9%) Cisatracurium
Propofol 26 (10.1%) Etomidate 2(0.8%)
Suggamadex 12 (4.7%) Isoflurane
Sevoflurane 8 (3.1%) Succinylcholine 1 (0.4%)
Rocuronium 6 (2.3%)




4.3 Descriptive statistics

All of the trials in our cohort contained at least one type of data misreporting. Figure 7 presents the
quantities of reporting inadequacies for the selected data set items. 28.7% of trials were registered

retroactively. Study size and study arm reporting were the most consistent in our study, 90.3% and
95.7%, respectively. Selection criteria were consistently reported in 24% of trials, and study

enrollment dates in 29.5%.
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Figure 7. Proportion of trials with reporting discrepancies and/or inadequacies for each data item

category examined in our study.



4.3.1. Study results and results probability measures reporting

About two-thirds of the trials in our cohort reported results flawlessly. Publications were a slightly
more informative data source (see Table 4). This is in stark contrast to the overall quality of the results
probability and dispersion measures quality, where two-thirds of the trialists did not disclose p-values

and/or statistical method to the registry (see Table 5).

Table 4. Types and frequencies of results reporting discrepancies between the ClinicalTrials.gov

registered version and the publication of the same trial.

Study results reporting discrepancies between ClinicalTrials.gov and publications, n (%)

Consistent reporting 172 (66.7 %)
Registered primary outcome not designated as primary in the publication® 7 (2.7 %)
Quantities of assessments greater in the publication 22 (8.5%)
Quantities of assessments greater in the registry 12 (4.7%)
Assessed parameters reported only in the registry 1 (0.4 %)
Results data expanded in publication with more timepoints for collected data 1 (0.4 %)
Results data reduced in publication with less timepoints for collected data 1 (0.4 %)
Results data presented inconsistently making it impossible to compare® 17 (6.6 %)
Results presented with different method or timeframe for outcome assessment 4 (1.6 %)
Quantities of assessments differ in either study arm 8 (3.1 %)
Incomparable because outcomes were completely different between sources 5(1.9%)
Results data swapped between two study arms 1(0.4 %)
Difference in measure of central tendency between sources 1(0.4 %)
Difference in measures of dispersion between sources 1(0.4 %)

aFor the purposes of statistical evaluation these discrepancies were reported as outcome discrepancies
(see Table 9), not determined as a results reporting discrepancy input in the statistical analysis.
bIncomparable due to adverse events presented in a graph or figure in publications while specific values

were described in ClinicalTrials.gov. *Percentages have been rounded and do not total 100.



Table 5. Types and frequencies of results probability measures reporting discrepancies between the

ClinicalTrials.gov registered version and the publication of the same trial.

Study results probability measures reporting discrepancies, n (%)*

Consistent reporting 47 (18.2%)
p-value and/or statistical method not presented in registry 179 (69.4%)
p-value and/or statistical method presented in registry but not in publication 1 (0.4%)
Statistical method discrepancy 7 (2.7%)
Statistical method discrepancy, but statistical measure (p-value) numerically 2 (0.8%)
the same

Probability measure (p-value or CI") discrepancy 10 (3.9%)
Discrepant statistical method and probability measure 2 (0.8%)
Either source presented the p-value or CI 2 (0.8%)
p-value possibly incorrectly rounded up in the publication 1 (0.4%)
Probability measures (p-value or CI) differ due to a quantitative results 2 (0.8%)

reporting discrepancy
Probability measures (p-value or CI) differ due to qualitative results reporting 1 (0.4%)

discrepancy (method of evaluation and timeframe are changed in publication)

aFor the purposes of statistical evaluation these discrepancies were reported as outcome discrepancies
(see Table 9), not determined as a results reporting discrepancy input in the statistical analysis.
bIncomparable due to adverse events presented in a graph or figure in publications while specific values
were described in ClinicalTrials.gov. *Percentages have been rounded and do not total 100.

TCI, confidence interval

4.3.2. Adverse events reporting

62.4% of trials in our group contained some sort of serious adverse event reporting inadequacy. Data is
presented in Table 6. While more trials reported SAEs only in publications than vice versa, 40.4% of
trials cumulatively either did not mention AEs at all or omitted stating that these were the only AEs that
occurred during the trial. Due to the less severe nature of the discrepancy, we chose to treat trials that
provided consistent reporting but in the wrong input field in the registry platform as adequate reporting

during the statistical analysis part of our study.



Table 6. Types and frequencies of serious adverse events reporting discrepancies between the

ClinicalTrials.gov registered version and the publication of the same trial.

Study SAE* reporting discrepancies n (%)
Consistent reporting 97 (37.6%)
Consistent reporting but data provided in wrong data input field in 3 (1.2%)

ClinicalTrials.gov®

Quantity greater in the registry 4 (1.6 %)

Quantity greater in the publication 2 (0.8%)

At least one adverse event description reported only in the registry 20 (7.8%)
At least one adverse event category reported only in the publication 33 (12.8 %)

Textual descriptions only that are absent in ClinicalTrials.gov 1 (0.4%)
Adverse events data not stated at all in the publication while reported as 84 (32.6 %)

"0" in the registry
No explicit statement in the publication about the reported adverse events 20 (7.8 %)

being all that occurred?

SAE** misclassified as OAE 3 (1.2%)

aPespite inadequacies, not counted as discrepant reporting input in the statistical analysis.

Abbreviations: *SAE, serious adverse event; **OAE, other adverse event

Similar to SAE, 67.4% of trials had at least one OAE reporting inadequacy. Types of OAE misreporting
are listed in Table 7 along with the frequencies. Registry and publications were similarly informative
data sources, except for the tendency of some trials that reported adverse events as zero in the registry
to ignore them altogether in the publication; this was a less frequent occurrence than in SAE reporting

(Figure 8).



Table 7. Types and frequencies of other adverse events reporting discrepancies between the

ClinicalTrials.gov registered version and the publication of the same trial.

Study OAE* reporting discrepancies n (%)
Consistent reporting 84 (32.6%)
Consistent reporting but data provided in wrong data input field in 4 (1.6%)
ClinicalTrials.gov?

Quantity greater in the registry 13 (5 %)
Quantity greater in the publication 12 (4.7 %)
At least one adverse event description reported only in the registry 50 (19.4%)
At least one adverse event reported only in the registry but using surrogate 3 (1.2%)
measures with no quantification provided

Higher threshold percentages reported in the publication than in the 13 (5 %)

registry

At least one adverse event category reported only in the publication
Textual descriptions only that are absent in ClinicalTrials.gov

Adverse events data presented inconsistently making it impossible to
compare®

Adverse events data not stated at all in the publication while reported as
"0" in the registry

No explicit statement in the publication about the reported adverse events
being all that occurred?

OAE** misclassified as SAE in the registry®

58 (22.5 %)
7 (2.7%)
1 (0.4 %)

45 (17.4 %)

3 (1.2 %)

1 (0.4 %)

aPespite inadequacies, not counted as discrepant reporting input in the statistical analysis.

bIncomparable due to adverse events presented in a graph or figure in publications while specific values

were described in ClinicalTrials.gov. Abbreviations: *OAE, other adverse event; **SAE, serious

adverse event
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Figure 8. A comparison of the frequencies of identified types of discrepant AE reporting between SAE

and OAE reporting in our study.

4.3.3. The all-cause mortality reporting

Overall, the instances of all-cause mortality quantitative discrepant reporting were low, cumulatively
3.6% (see Table 8). Two-thirds of the trials reported mortality correctly. An important instance of
reporting inadequacy was leaving blank fields for this category in the registry, a case that happened

exclusively in trials that preceded the New Rule.



Table 8. Types and frequencies of mortality reporting discrepancies between the ClinicalTrials.gov

registered version and the publication of the same trial.

All-cause mortality reporting discrepancies, n (%)

Consistent reporting 172 (66.7 %)
Lower frequency in publication 1 (0.4 %)
Lower frequency in registry 2 (0.8 %)
Reported in registry and omitted completely in publication 3 (1.2 %)
Reported in publication and omitted completely in registry 3 (1.2 %)
Reported in the SAE* table in ClinicalTrials.gov 1 (0.4 %)
Not reported in ClinicalTrials.gov** 76 (29.5%)

*Abbreviations: SAE, serious adverse event ** Trialists left blank fields for All-cause mortality
reporting in the registry. All of the instances where trials that are not required to be New Rule

compliant.

4.3.4. Study outcomes reporting

Primary outcomes were reported much more consistently than secondary outcomes (77.5% vs 22.9%,
see Table 9). Registry and publication were similarly informative data sources for primary outcomes,
but secondary publications were more often reported in publications. Outcome hierarchy underwent

changes in 8.5% of the trials and was insufficiently demarcated in 3.9%.

Table 9. Types and frequencies of study primary and secondary outcomes reporting discrepancies

between the ClinicalTrials.gov registered version and the publication of the same trial.

Study outcome reporting discrepancies, n (%)

Primary outcome reported consistently 200 (77.5 %)
Primary outcome detail reported inconsistently (timeframe or 17 (6.6 %)
method of evaluation)
Timeframe 12 (4.7 %)
Methods 7 (2.7 %)

Primary outcome present solely in the registry 9 (3.5 %)




Primary outcome present solely in the publication 16 (6.2 %)

Registered secondary outcome promoted to primary in publication 13 (5 %)
Registered primary outcome demoted to secondary in publication 9 (3.5 %)
Unclear whether the newly added outcome in the publication is 7 (2.7 %)

primary or secondary

Publication did not explicitly differentiate outcomes as primary or 3 (1.2 %)
secondary?

Secondary outcome reported consistently (27.9 %)
Secondary outcome detail reported inconsistently (timeframe, 13 (5 %)

method of evaluation etc.)

Timeframe 11 (4.3%)

Methods 4 (1.6%)
Secondary outcome present solely in the registry 77 (29.9 %)
Secondary outcome present solely in the publication 133 (51.6 %)

aPespite inadequacy reported but not deemed as a discrepancy input in the statistical analysis. * A

single RCT could have multiple outcome reporting discrepancies.

4.3.5. Study eligibility criteria reporting
Selection criteria were the least consistently reported data item in our cohort (Table 10).

ClinicalTrials.gov was the data source with more information.

Table 10. Types and frequencies of eligibility criteria reporting discrepancies between the

ClinicalTrials.gov registered version and the publication of the same trial.

Eligibility criteria reporting discrepancy n (%)
Selection criteria reported consistently 62 (24 %)
Minimum or maximum values in specific criterion range changed 51 (19.8%)
Selection criteria are present only in registry 137 (53.1 %)

Selection criteria are present only in publication 105 (41 %)




4.3.6. Study enrollment date reporting

Consistency of enrollment date reporting was the second lowest in our cohort (Table 11).
Approximately half of the studies reported different dates across sources, while a significant number of

authors did not disclose a trial start date in publication.

Table 11. Types and frequencies of enrollment date reporting discrepancies between the

ClinicalTrials.gov registered version and the publication of the same trial.

Study enrollment date reporting discrepancies n (%)
Consistent reporting 76 (29.5 %)
Consistent reporting but data provided in wrong data field in ClinicalTrials.gov 1 (0.4 %)
Mismatching date between sources 130 (50.4 %)
Omitted in publication 51 (19.8 %)

4.4 Data reporting consistency predictors

4.4.1. Trial funding source

There were several significant differences between industry- and non-industry-funded trials (Table 12).
Industry-funded trials reported outcome probability or dispersion measures and secondary outcomes
more consistently, while being more compliant with the trial registration deadline. Non-industry trials
reported other adverse events more consistently. It should be noted that they also had a higher
frequency of consistent study-size reporting, with the p-value only missing crossing the threshold of

statistical significance by a minimal margin.



Table 12. Association between trial funding source and discrepant trial data reporting between data

registered on ClinicalTrials.gov and in the publication of the same trial.

Non-industry

Reporting  Industry funded
eporting  Industry tunded . - ded trials pvalue?® Cramer’s V

R ti t
eporting category consistency trials (N=54)

(N=204)
consistent 34 145
Results 0.250 0.072
discrepant 20 59
F consistent 16 31
Ol.ltCOInfE probability / 0.015 0.152
consistent 25 95
SAE? 0.972 0.002
discrepant 29 109
consistent 9 83
OAE ¢ 0.001 0.204
discrepant 45 121
consistent 38 134
Mortality 0.516 0.040
discrepant 16 70
consistent 45 188
Study size 0.051 0.121
discrepant 9 16
; consistent 44 159
Study primary 0.572 0.035
outcome(s) discrepant 10 45
consistent 22 53
Study secondary 0.034 0.132
outcome discrepant 32 151
consistent 11 51
Selection criteria 0.479 0.044
discrepant 43 153
consistent 53 194
Study arm 0.324 0.061
discrepant 1 10
consistent 15 61
Enrollment date 0.761 0.019
discrepant 39 143
compliant 49 135
Registration deadline 0.000 0.221
late 5 69

“We used chi-squared analysis and considered P values less than 0.05 to be significant. °'SAE - Serious

adverse events. COAE - Other adverse events.



4.4.2. Adherence to trial registration deadline

Trials that were late to register did not differ from trials compliant with the registration deadline for all
the data item reporting categories except for primary outcome reporting, which they misreported more

often (Table 13).

Table 13. Association between adherence to the ClinicalTrials.gov registration deadline and discrepant

trial data reporting between data registered on ClinicalTrials.gov and in the publication of the same

trial.
Trials compliant
with registration  Trials late to
Reporting
Reporting category deadline register p value? Cramer’s V
consistency
(N=184) (N=74)
consistent 130 49
Results 0.484 0.044
discrepant 54 25 '
Outcome probability / consistent 37 10
0.215 0.770
dispersion measures discrepant 147 64
consistent 84 36
SAE " 0.663 0.027
discrepant 100 38
consistent 66 26
OAE 0.911 0.007
discrepant 118 48
consistent 127 45
Mortality 0.206 0.079
discrepant 57 29
consistent 170 63
Study size 0.075 0.111
discrepant 14 11
Study primary consistent 151 52
0.036 0.130
outcome(s) discrepant 33 22

Study secondary consistent 54 21 0.877 0.010




outcome discrepant 130 53

consistent 50 12

Selection criteria 0.062 0.116
discrepant 134 62
consistent 177 70

Study arm 0.565 0.036
discrepant 7 4
consistent 55 21

Enrollment date 0.809 0.015
discrepant 129 53

“We used chi-squared analysis and considered P values less than 0.05 to be significant. °"SAE - Serious

adverse events. ©OAE - Other adverse events.

4.4.3. Publication in a journal following ICMJE recommendations

Whether the journal stated at the time of publication that it followed ICMJE recommendations was not

a predictor for most data item categories, except for mortality reporting (Table 14).

Table 14. Association between publication in an ICMJE 2 - compliant journal and discrepant trial data

reporting between data registered on ClinicalTrials.gov and in the publication of the same trial.

Reporting ICMIJE journal Not an ICMJE

Reporting category p value® Cramer’s V
consistency (N=92) journal (N=166)
consistent 65 114
Results 0.741 0.021
discrepant 27 52
Outcome probability / consistent 15 32
0.553 0.037
dispersion measures discrepant 77 134
consistent 45 75
SAE© 0.565 0.036
discrepant 47 91
consistent 35 57
OAE ¢ 0.552 0.037
discrepant 57 109
consistent
Mortality ! 70 102 0.017 0.149

discrepant 22 64




consistent 87 146

Study size 0.085 0.107
discrepant 5 20
Study primary consistent 76 127
0.252 0.071
outcome(s) discrepant 16 39
Study secondary consistent 29 46
0.518 0.040
outcome discrepant 63 120
consistent 24 38
Selection criteria 0.565 0.036
discrepant 68 128
consistent 90 157
Study arm 0.216 0.077
discrepant 2 9
consistent 28 48
Enrollment date 0.798 0.016
discrepant 64 118
compliant 68 116
Registration deadline 0.493 0.043
late 24 50

[CMJE — International Committee of Medical Journal Editors. "We used chi-squared analysis and
considered P values less than 0.05 to be significant. ‘SAE - Serious adverse events. ‘OAE - Other

adverse events.

4.4.4. Number of trial research centers

Data is presented in Table 15. Multi-center trials reported outcome probability or dispersion measures
more consistently and adhered to the trial registration deadlines more frequently. They had higher

frequencies of misreporting other adverse events.



Table 15. Association between the number of trial research sites and discrepant trial data reporting

between data registered on ClinicalTrials.gov and in the publication of the same trial.

Reporting Single-center =~ Multi-center
Reporting category p value? Cramer’s V
consistency trials (N=214) trials (N=44)

consistent 150 29
Results 0.583 0.027
discrepant 64 15
SF consistent 31 16
Ogtcom? probability / 0.001 0.213
dispersion measures discrepant 183 78
consistent 99 21
SAE?® 0.859 0.001
discrepant 115 23
consistent 86 6
OAE ¢ 0.001 0.208
discrepant 128 38
consistent 141 31
Mortality 0.558 0.036
discrepant 73 13
consistent 194 39
Study size 0.680 0.022
discrepant 20 5
: consistent 168 35
Study primary 0.878 0.010
outcome(s) discrepant 46 9
consistent 58 17
Study secondary 0.125 0.096
outcome discrepant 156 27
consistent 53 9
Selection criteria 0.542 0.043
discrepant 161 35
consistent 205 42
Study arm 0.919 0.004
discrepant 9 2
consistent 62 14
Enrollment date 0.706 0.017
discrepant 152 30
compliant 147 37
Registration deadline 0.040 0.128
late 67 7

“We used chi-squared analysis and considered P values less than 0.05 to be significant. °'SAE - Serious

adverse events. ©OAE - Other adverse events.



4.4.5. Time periods

Comparisons between trials from 2009-2012 and 2017 periods are presented in Table 16, between trials

from 2013-2016 and 2017-2020 periods in Table 17. The only data item with improved reporting over

time was the all-cause mortality, in both comparisons.

Table 16. Association between trial completion date and discrepant trial data reporting between trial

data on ClinicalTrials.gov and in publications of the same trial between the oldest and most recent trial

group in our study.

RCTsP from 2009- RCTs from 2017-
Reporting Cramer’s
Reporting category 2012 timeperiod 2020 timeperiod p value?
consistency
(n=64) (n=62)
consistent 43 44
Results 0.646 0.041
discrepant 21 18
Outcome probability consistent 17 10
/ dispersion 0.154 0.127
discrepant 47 52
measures
consistent 23 26
SAE© 0.490 0.062
discrepant 41 36
consistent 15 24
OAE 4 0.064 0.165
discrepant 49 38
consistent 19 60
Mortality 0.000 0.694
discrepant 45 2
consistent 60 53
Study size 0.127 0.136
discrepant 4 9
Study primary consistent 46 53
0.063 0.166
outcome(s) discrepant 18 9
Study secondary consistent 15 23
0.095 0.149
outcome(s) discrepant 49 39
Selection criteria consistent 13 19 0.183 0.119




discrepant 51 43

consistent 64 59
Study arm 0.075 0.159
discrepant 0 3
consistent 17 24
Enrollment date 0.146 0.130
discrepant 47 38
Registration compliant 4 4
0.786 0.024
deadline late 20 18

aWe used chi-squared analysis and considered P values less than 0.05 to be significant. ® RCT-

randomized controlled trial. ¢ SAE - Serious adverse events. ¢ OAE - Other adverse events.

Table 17. Association between trial completion date and discrepant trial data reporting between trial
data on ClinicalTrials.gov and in publications of the same trial between the second most recent and the

most recent trial group in our study.

RCTs from 2013- RCTs from 2017-

Reporting Cramer’s
Reporting category 2016 timeperiod =~ 2020 timeperiod p value?
consistency A%
(n=132) (n=62)
consistent 92 44
Results 0.857 0.013
discrepant 40 18
Outcome probability consistent 20 10
/ dispersion 0.861 0.013
discrepant 112 52
measures
consistent 71 26
SAE© 0.124 0.111
discrepant 61 36
consistent 53 24
OAE 4 0.848 0.014
discrepant 79 38
consistent 93 60
Mortality 0.000 0.301
discrepant 39 2

Study size consistent 120 53 0.257 0.081




discrepant 12 9

Study prima consistent 104 53
yP v 0.268 0.079
outcome(s) discrepant 28 9
Study secondary consistent 37 23
0.203 0.091
outcome(s) discrepant 95 39
consistent 30 19
Selection criteria 0.237 0.085
discrepant 102 43
consistent 124 59
Study arm 0.731 0.025
discrepant 8 3
consistent 35 24
Enrollment date 0.085 0.124
discrepant 97 38
Registration compliant 96 44
0.799 0.018
deadhne late 36 18

aWe used chi-squared analysis and considered P values less than 0.05 to be significant. " RCT-

randomized controlled trial. < SAE - Serious adverse events. 4 OAE - Other adverse events.

4.4.6. Publication in an anesthesiology journal
Trials published in anesthesiology journals reported adverse events with significantly more frequent
discrepancies, both in SAE and OAE categories (see Table 18). Anesthesiology journals were more

consistent in reporting outcome probability or dispersion measures.

Table 18. Association between publication in an anesthesiology journal and discrepant trial data

reporting between data registered on ClinicalTrials.gov and in the publication of the same trial.

Not an
Reporting ~ Anesthesiology
Reporting category anesthesiology p value® Cramer’s V
consistency  journal (N=107)
journal (N=151)

consistent 73 106

Results 0.735 0.021
discrepant 34 45

Outcome probability / consistent 29 18 0.002 0.194




dispersion measures discrepant 78 133

consistent 40 80
SAE® 0.013 0.154
discrepant 67 71
consistent 28 64
OAE© 0.016 0.180
discrepant 78 87
consistent 66 106
Mortality 0.153 0.089
discrepant 41 45
consistent 97 136
Study size 0.875 0.100
discrepant 10 15
Study primary consistent 87 116
0.386 0.054
outcome(s) discrepant 20 35
Study secondary consistent 32 43
0.803 0.016
outcome discrepant 75 108
consistent 27 35
Selection criteria 0.704 0.024
discrepant 80 116
consistent 104 143
Study arm 0.329 0.061
discrepant 3 8
consistent 33 43
Enrollment date 0.681 0.026
discrepant 74 108
compliant 79 105
Registration deadline 0.452 0.047
late 28 46

YWe used chi-squared analysis and considered P values less than 0.05 to be significant. *SAE - Serious

adverse events. COAE - Other adverse events.



4.4.7. Publication in a journal indexed in JCR

Trials published in journals not indexed in JCR also reported adverse events with significantly more
frequent discrepancies, both in SAE and OAE categories (see Table 19). They also had higher

frequencies of study size reporting discrepancies.

Table 19. Association between publication in a journal indexed by JCR and discrepant trial data

reporting between data registered on ClinicalTrials.gov and in the publication of the same trial.

Not a JCR-
Reporting  Journal indexed
Reporting category indexed journal p value® Cramer’s V
consistency by JCR (N=232)

(N=26)
consistent 165 14
Results 0.070 0.113
discrepant 67 12
Outcome probability / consistent 44 3
0.352 0.058
dispersion measures discrepant 188 23
consistent 116 4
SAE® 0.001 0.209
discrepant 116 22
consistent 89 3
OAE © 0.023 0.171
discrepant 142 23
consistent 155 17
Mortality 0.884 0.009
discrepant 77 9
consistent 213 20
Study size 0.015 0.151
discrepant 19 6
Study primary consistent 184 19
0.462 0.046
outcome(s) discrepant 48 7
Study secondary consistent 69 6
0.478 0.044
outcome discrepant 163 20
consistent 53 9
Selection criteria 0.183 0.083
discrepant 179 17

Study arm consistent 222 25 0.912 0.007




discrepant 10 1

consistent 70 6

Enrollment date 0.452 0.047
discrepant 162 20
compliant 169 15

Registration deadline 0.105 0.101
late 63 11

YWe used chi-squared analysis and considered P values less than 0.05 to be significant. *SAE - Serious

adverse events. COAE - Other adverse events.

4.5 Final Rule

Trials subject to the Final Rule in our study reported the all-cause mortality in a significantly more

consistent manner (Table 20).

Table 20. Association of temporal applicability of the Final Rule to the trial and consistency of the all-

cause mortality reporting in our study.

Reporting Reporting

Trials preceding Trials subject to p value® Cramer’s V
category consistency  the Final Rule the Final Rule
consistent 112 60
Mortality . 0.000 0.359
discrepant 84 2

a¥We used chi-squared analysis and considered P values less than 0.05 to be significant.

4.6 Testing the predictors for combined safety and results reporting consistency

The data for our binary logistic regression model are presented in Table 21. The logistic regression
model was not statistically significant (x2 = 10.649, p = 0.059). The model explained 7.1% of the
variance in discrepancy presence (Nagelkerke R2). Trials completed before the Final Rule compliance

deadline were 2.7 times more likely to misreport results, adverse events, or mortality data.



Table 21. Binary logistic regression analysis results for testing the chosen subgroups in our study for
the presence of any discrepancy in the following data reporting categories: results, adverse events (both

serious and other) and mortality.

95% CI‘ for OR

Std.
Predictor B2 Dfb p-value OR€ Lower Upper
error VIF¢
bound bound
Timeperiod 0.989 0.372 1.0 0.008 2.688 1.297 5.569 1.006

Funding source  -0.384  0.585 1.0 0.511 0.681 0.216 2.143 1.383
ICMJE member 0.099 0.374 1.0 0.791 1.104 0.530 2.298 1.004
Multicenter trial  -0.742  0.707 1.0 0.294 0.476 0.119 1.903 1.341
Late to register -0.271  0.413 1.0 0.511 0.763 0.340 1.712 1.053

Omnibus Tests of Model Cox & Snell R Nagelkerke R-
Hosmer and Lemeshow Test
Coefficients Square Squared
X2 p-value X2 p-value
0.040 0.071
10.649 0.059 4.675 0.586

aB- estimated binary logistic regression coefficients for the models. > Df — Degrees of freedom. ¢ OR —

Odds ratio. ¢ CI — Confidence interval. ¢VIF — Variance inflation factor.

4.7. Publication journal’s impact factor as a predictor of study data and patient-centered

elements reporting consistency

The IF of journals that published trials in our study was not a predictor of consistent reporting for any
of the trial data categories that we investigated. The combined output of multiple univariable binary

logistic regression analyses is presented in Table 22.



Table 22. Univariable binary logistic regression analysis results for testing the impact factor of

publications in our study as a predictor of misreported trial data.

95% CI for OR

Data item with misreported Std.

B? p-value OR® Jower Upper

data error
bound bound
Results -0.011 0.014 0.442 0.989 0.962 1.017

Outcome probability /
-0.004  0.010 0.649 0.996 0.977 1.015
dispersion measures

SAE 0.010 0.010 0.348 1.010 0.989 1.031

OAE -0.001  0.009 0.951 0.999 0.982 1.017
Mortality 0.004 0.009 0.664 1.004 0.986 1.022
Study size -0.017  0.033 0.607 0.983 0.922 1.049
Primary outcome(s) -0.030 0.029 0.302 0.971 0.917 1.027
Secondary outcome(s) -0.023  0.012 0.069 0.978 0.954 1.002
Selection criteria -0.016  0.010 0.111 0.984 0.964 1.004
Study arm -0.004  0.026 0.892 0.996 0.947 1.049
Study enrollment date 0.091 0.048 0.058 1.095 0.997 1.204

Late for registration deadline -0.002  0.011 0.817 0.998 0.977 1.019

Omnibus Tests of Model
Data item with Constant . Cox & Snell R Nagelkerke R-
Coefficients
misreported data OR Square Squared
X p-value
Results 0.436 0.782 0.376 0.003 0.005
Outcome
probability /
4.415 0.191 0.662
dispersion 0.001 0.001
measures
SAE 0.935 1.040 0.308 0.004 0.006

OAE 1.613 0.004 0.951 0.000 0.000




Mortality
Study size

Primary

outcome(s)

Secondary

outcome(s)
Selection criteria
Study arm

Study enrollment

date

Late for
registration

deadline

0.483

0.099

0.310

2.778

3.824

0.046

1.449

0.379

0.184

0.429

2.051

4.709

2.942

0.021

8.254

0.056

0.668

0.512

0.152

0.030

0.086

0.885

0.004

0.813

0.001

0.002

0.009

0.020

0.013

0.000

0.035

0.000

0.001

0.004

0.014

0.029

0.019

0.000

0.049

0.000

aB- estimated binary logistic regression coefficients for the models. > OR — Odds ratio. ¢ CI —

Confidence interval. There is a single degree of freedom for all analyses.



5. DISCUSSION



5.1. Results overview

Our study found that the reporting of patient-relevant data and study design elements across
anesthesiology trial registry entries and their corresponding publications was not consistent. This
corroborates findings from similar research in other clinical fields (58-60). Our study is novel for
applying the methodology to describe instances of discrepant and misreported data in a large sample of
anesthesiology RCTs, for investigating a broader range of data item categories, and for the choice of
our subgroups. The overall consistency of reporting was arguably low for all reported data categories

except for study arm and study size.

Our novel finding is that reporting of study design and patient-related data from anesthesiology trials
failed to improve over time, except for all-cause mortality reporting, which appears to be effectively
enforced by the Final Rule. This conclusion stands in contrast to a study by Mughal et al. in other fields
of medicine, which found significant improvements in reporting across almost all data item categories
since the enactment of the FDAAA legislation (61). The authors divided the trials into time windows
similar to ours, so a question arises about possible differences in reporting practices in anesthesiology

compared to other clinical fields.

Additionally, although the results data ranked among the more consistently reported data item
categories in our cohort, approximately one-third of the trials had at least some misreporting of the
essential data. Since results reporting as a category is vulnerable to publication bias favoring positive
findings, additional research is needed to determine whether these discrepancies could be explained by
publication bias.

Highly frequent inconsistencies in selection criteria reporting (76.4%) draw attention as an indicator of
possible flawed research design and point of entry for research bias. Contrary to expectations, trials in
our study that registered retroactively did not report selection criteria more consistently. This finding
suggests that trialists may not engage in deliberate selective data reporting, but rather do not perceive

the entire trial registration process as a serious procedure that produces a valid data source.

The opposite case in our study was found in sample size reporting, where retroactively registered trials
were expected to report sample sizes more consistently overall, since they were registered at a point in

time closer to, or even after, the study end. It is a paradox that trials in our study that met the



registration deadline reported sample sizes more consistently, with better reporting practices as the
most probable explanation.

Other adverse events in our study were more frequently consistently reported in industry-funded and
multi-center trials compared to their non-industry-funded and single-center counterparts. Perhaps
industry funding or policies allow or motivate trialists to be more attentive to adverse event reporting,
or industry policies. The nature of multi-center research could be compensating for multi-local study
uniformity challenges by enacting stricter adherence to protocols, leading to better compliance with
registration legislation.

This aligns with the results of a recent study by McCormick et al. (62), in which industry funding in a
cohort investigating adverse event reporting in regional anesthesia trials correlated with greater
consistency in safety reporting. Trials on regional anesthetics also accounted for a significant fraction
of our selected cohort, whereas the important difference between our study designs is that they included
non-ACTs. Accordingly, previous studies also found that industry-funded trials were more frequently
prospectively registered (63,64).

Trials published in anesthesiology journals in our study had higher frequencies of adverse event
misreporting, a novel finding that may indicate publication bias in the anesthesiology literature. This
topic has been approached in the literature so far mainly from the perspective of the impact of PB on
systematic reviews and meta-analyses, with calculated estimates that it was found in 50-80% of the
reviews published in anesthesiology journals (65).

The impact factor of the publication journal was not a predictor of better reporting consistency in our
study.

Whether the trial reported following ICMJE recommendations was also not characterized with better
reporting quality, except for the all-cause mortality, an observation that is insightful regarding the

ICMIE decision to discontinue maintaining the list (56).

The results of the present study can be generalized to other completed ClinicalTrials.gov trial records
with similar data and results received after the FDA A A mandate. It should be emphasized that our
cohort was selected among the trials that disclosed results designated as ACT by the FDA. The actual
state of trial registration practices in real-world conditions may be even worse, since we already
selected only trials that are compelled under US law to register and those that have already
demonstrated a minimum level of legislative compliance by disclosing results. As already stated in the

Introduction, at present, the number of non-US-based trials on the ClinicalTrials.gov registry has



surpassed the number of domestic trials, and a significant number of those trials are not subject to

FDAAA.

5.2. Possible explanations for the existence of data misreporting

Although the existence of data discrepancies between registries and publications has been a known
phenomenon for some time, the underlying causes of these discrepancies remain unknown and
insufficiently researched.

From the authors' point of view, publication represents the pinnacle of trial conduct, so it is possible
that some researchers may perceive the trial registration process just as an administrative requirement,
a single step needed to ensure trial publication. If that is the case, they may not acknowledge the trial
registry entry as an independent data source and may not be motivated to invest effort to update data
after entry in a registry so that their manuscript may be eligible for publication in a journal that states
completed trial registration as a requirement for publication. A study comparing more than 10,000 trials
that were registered both in ClinicalTrials.gov and EUCTR found that 33.9 % of trials listed as
“ongoing” on the EUCTR platform were designated as “completed” on ClinicalTrials.gov (66). This
specific case leaves no room for intentional manipulation of trial status and suggests a certain level of
general neglect of practices that are not strictly mandated. This could explain why many trialists did not
report mortality or adverse events data in the respective fields before the Final Rule. The differences we
observed could also be attributed to human-factor data entry errors, which are more likely if different
research team members are assigned to input trial data in the the registered version and in the
publication.

Also, there is a possibility that data modification could occur intentionally.

5.3. Implications of using the trial registries for meta-science and other forms of downstream

data translation

As previously stated in the Introduction, the Cochrane Handbook encourages the use of clinical trial
registration platforms as data sources in conducting meta-analyses. Discrepant results and key study
elements raise further questions about which source is more reliable and closer to the study data. These

questions are complex, and answers are elusive and multifaceted. From one viewpoint, clinical trial



registries are often promoted as a valuable data source assigned under the umbrella term “real world
evidence” (RWE) (67) or “real world data” (RWD) (68). From the opposite viewpoint, although more
susceptible to publication bias, publications guarantee a certain level of quality control through the
peer-review process, while registries, as a rule, lack an independent entity to provide quality control,
relying instead on the investigator’s transparency and motivation (69). Legislative measures promote
the very existence of data disclosure; they lack the framework to enforce the high accuracy of study
data.

The inconsistencies observed for both results and adverse event reporting in this study potentially
hinder the use of ClinicalTrials.gov as a meta-research source. For example, a study examining 356,515
entries from the world’s largest implantable cardioverter defibrillator registry found that the number of
reported complications was only one-third of those reported in publications (70). The presence of data
in the wrong registry fields may also increase the potential for bias when automated data extraction or
data mining is used to retrieve data, as described in a previous study (71). This is a topic that has grown
in its importance since the point in time when we started our study, since the advent of large language
models (LLMs) and rapid advances in the field of artificial intelligence (AI) have enabled the creation
of research tools that were, until recently, difficult to develop. An RCT is currently investigating the

accuracy and effectiveness of using Al tools to extract data for meta-analyses (72).

5.4. Potential measures to promote the quality and accuracy of clinical trial registries

The problem we examined is complex, and alleviation is likely possible only through the engagement
of multiple stakeholders (73). These results emphasize the importance of peer reviewers and editorial
staff comparing registration and publication at the journal level.

The potential use of clinical registries to assess the validity of trial data during the peer-review process
is not a novel concept (74). Nevertheless, this prospect has been insufficiently studied in the broader
medical research field and has never been studied in the field of anesthesiology. One study found that
neither retroactive trial registration nor the presence of data discrepancies between the registry and the
publication of the same trial significantly affected the likelihood of publication acceptance (75). The
prominent article on the topic was published by Mathieu et al. (38). They found that only one-third of
the reviewers used trial registries during the peer-review process. The rest of the participants stated

inconvenience or lack of awareness of the importance of trial registration as reasons to ignore the use



of the registry as a tool. Furthermore, only 7.4% of them held the opinion that comparing the registry
data with the manuscript should, in fact, be the peer-reviewer’s responsibility.

Our finding that anesthesiology journals correlate with adverse events misreporting more frequently
underscores the importance of implementing this prospect in the anesthesiology research field and
warrants further research among anesthesiology journal peer reviewers. Using the registry source as a
tool for validating the integrity and consistency of manuscript data and study design elements could be
a worthwhile addition to the spectrum of practices used in the peer-review process, and should be
adopted by peer reviewers and enforced by medical journal editors. If reporting inconsistencies would
hinder the progression of the manuscript to publication, perhaps the authors would approach ensuring
the validity of the registry-trial data more meticulously. To achieve the desired effect, peer reviewers
should be trained in comparing registry-publication data, although the effectiveness of peer-reviewer

training is a broad and complex topic (76,77).

Study reporting guidelines, such as those issued by the EQUATOR network, could be an efficient
source of encouragement to perform a data consistency cross-check. Study sponsors could also be
parties of interest that set expectations for reviewing study results in the registry. An example of a
growing positive practice is the trend among journals to require the upload of raw data to open online

repositories, thereby promoting transparency in trial data reporting (78).

It remains pertinent that registered trial data be evaluated for completeness to help prevent

discrepancies in registries and subsequent publications.

5.5. Study limitations

There are some limitations to our study. A possible source of selection bias lies in our methodology's
significant reliance on the ClinicalTrials.gov database and search algorithm. Our search is unable to
detect trials that were in fact completed but whose status was not updated from “ongoing” to
“completed” in the registry. This instance also applies to cases where authors did not disclose results. A
previous study investigating this possibility determined that 29.5% of trials did not disclose results at a
time point four years after completion, while those that did frequently delayed results disclosure for a

year (79). Jones and colleagues found that some trials that were in fact completed maintain the trial



status designation in the registry as “ongoing” indefinitely to avoid the legislative compulsion for
results disclosure (80).

Furthermore, during our trial selection process, we identified multiple RCTs that were mislabelled as
anesthetic trials in the registry, even though they were conducted with non-anesthetic drugs. Although
these were easy to exclude, we can also assume that the reverse scenario is possible, where trials
actually conducted on anesthetic drugs were mislabelled as involving non-anesthetic drugs. This would
make them invisible to our trial search process and would introduce a non-preventable source of
potential selection bias. Another possible vector for selection bias is our method of publication search
and retrieval, which was, in part, a manual process. Human error in data entry is also possible.
Additionally, the wide variability in the time required for a trial to progress from completion to
manuscript publication could leave insufficient time for our most recent trial entries in the selection
process to achieve published status, making our most recent time window of trials vulnerable to

selection bias as a subgroup.

As previously mentioned, it was not possible to determine the exact trial registration date if only the
month and year were available on ClinicalTrials.gov, so we opted to “err on the safe side” and allowed
a one-month leeway to avoid deeming a trial as late to register. However, the actual number of trials
that were late to register could be higher than in our study. Holst and Carlisle found that 2% of trials in
their 11,908 cohort retroactively manipulated study start date information in the registry so that their
study could appear as prospectively registered afterwards (81). This could have affected our process of
classification of trials according to adherence to the trial registration deadline. Similarly, our study was
not designed to account for retroactive interventions in any registry data category.

Our subgroup analysis included testing for a wide spectrum of hypotheses; however, since we did not
adjust for multiple comparisons in our analysis, it is possible that some statistically significant findings
are in fact random occurrences.

It is important to note that, to conduct any inferential statistics in our study, we first had to translate a
multitude of possible scenarios into a dichotomous categorical variable. While we granted an
“amnesty” for certain minor misreporting cases, the fact remains that a certain amount of information is
lost in the process. There is no system in existence for assigning value to severity to various types of
reporting discrepancies, but we treat them all equally since minor inadequacies having the potential to
translate into larger errors with downstream use and implementation of information.

Additionally, other factors we did not account for could have influenced the reporting of data in

ClinicalTrials.gov after the final rule of the FDAAA.



Lastly, the omnibus test for the logistical regression model was not statistically significant, thus,
caution should be exercised when interpreting the relationship between the outcome and predictor

variables.



6. CONCLUSIONS



Our trial showed that anesthesiology RCTs have poor consistency of trial data between the
ClinicalTrials.gov registry and associated publications. Retroactive trial registration is also a present
issue. Anesthesiology journals exhibit publication bias, which is not mitigated by perceived journal
quality. The quality of research practices in anesthesiology RCTs, therefore, leaves a significant room
for improvement. The implementation of the FDAAA legislation successfully improved the quality of
all-cause mortality reporting.

Researchers conducting meta-analyses could benefit from increased awareness of possible data
discrepancies in clinical trial registries. All stakeholders in the medical journal ecosystem should strive
to integrate a quality trial registration process as a vital prerequisite for the success of trial publication.

Ultimately, practicing anesthesiologists, as the end users of every trial publication, need to be
informed about additional ways to evaluate data reporting quality. Our results could provide improved
insight into the transparency of clinical trial reporting in anesthesiology and highlight sources of
publication bias where certain trial data are altered. These practices can influence the composition of

professional medical practice guidelines and clinicians’ drug prescription decisions.



7. REFERENCES



10.

11.

Anderson J, Eijkholt M, Illes J. Ethical reproducibility: towards transparent reporting in biomedical

research. Nat METHODS. 2013 Sep;10(9):843-5.

Nicholls S, Langan S, Benchimol E, Moher D. Reporting transparency: making the ethical mandate
explicit. BMC Med. 2016 Mar 16;14.

Curry S, Mercado-Lara E, Arechavala-Gomeza V, Begley CG, Bernard C, Bernard R, et al. Ending
publication bias: A values-based approach to surface null and negative results. PLOS Biol. 2025

Sep 24;23(9):e3003368.

Melander H, Ahlgvist-Rastad J, Meijer G, Beermann B. Evidence b(i)ased medicine—selective
reporting from studies sponsored by pharmaceutical industry: review of studies in new drug

applications. BMJ. 2003 May 31;326(7400):1171-3.

Fernandez-Gonzalez L. Registering transparency: the making of the international clinical trial
registry platform by the world health organization (2004-2006). Glob Health. 2023 Sep
18;19(1):71.

Khan A, Marchbanks J, Hedin R, Vassar M. Publication Bias in Leading Anesthesiology Journals:
A Systematic Review. Anesth Analg. 2025 Nov;141(5):1178-80.

McCray AT. Better Access to Information about Clinical Trials. Ann Intern Med. 2000 Oct
17;133(8):609-14.

Lee P, Chin K, Liew D, Stub D, Brennan AL, Lefkovits J, et al. Economic evaluation of clinical

quality registries: a systematic review. BMJ Open. 2019 Dec;9(12):e030984.
Tonks A. Registering clinical trials. BMJ. 1999 Dec;11;319(7224):1565-8.

KrlezZa-Jeri¢ K. Clinical Trial Registration: The Differing Views of Industry, the WHO, and the
Ottawa Group. PLoS Med. 2005 Oct 18;2(11):e378.

Whittington CJ, Kendall T, Fonagy P, Cottrell D, Cotgrove A, Boddington E. Selective serotonin
reuptake inhibitors in childhood depression: systematic review of published versus unpublished

data. The Lancet. 2004 Apr;363(9418):1341-5.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kondro W. Drug company experts advised staff to withhold data about SSRI use in children. Can
Med Assoc J. 2004 Mar 2;170(5):783-783.

Rennie D. Trial Registration: A Great Idea Switches From Ignored to Irresistible. JAMA. 2004 Sep
15;292(11):1359.

KrleZa-Jeri¢ K, Chan AW, Dickersin K, Sim I, Grimshaw J. Principles for international registration
of protocol information and results from human trials of health related interventions: Ottawa

statement (part 1).
Abbasi K. The Mexico Summit on Health Research 2004. BMJ. 2004 Nov 27;329(7477):1249-50.

Ghersi D, Pang T. From Mexico to Mali: four years in the history of clinical trial registration. J

Evid-Based Med. 2009 Feb;2(1):1-7.

Primary registries [Internet]. [cited 2026 Jan 17]. Available from:

https://www.who.int/tools/clinical-trials-registry-platform/network/primary-registries

Zhang X, Liang N, Zhang Y, Zhao C, Yan L, Hu Z, et al. An introduction to International
Traditional Medicine Clinical Trial Registry (ITMCTR): A cross-regional registry focusing on
theme of traditional medicine. Sci Tradit Chin Med. 2024 Sep;2(3):194-201.

WMA - The World Medical Association-Declaration of Helsinki [Internet]. [cited 2026 Jan 18].

Available from: https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/

Cochrane Handbook for Systematic Reviews of Interventions | Cochrane [Internet]. [cited 2026 Jan

18]. Available from: https://www.cochrane.org/authors/handbooks-and-manuals/handbook

Uniform Requirements for Manuscripts Submitted to Biomedical Journals. JAMA J Am Med
Assoc. 1997 Mar 19;277(11):927.

De Angelis C, Drazen JM, Frizelle FA, Haug C, Hoey J, Horton R, et al. Clinical trial registration: a
statement from the International Committee of Medical Journal Editors. The Lancet. 2004

Sep;364(9438):911-2.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

ICMIJE | Recommendations | Clinical Trials [Internet]. [cited 2026 Jan 18]. Available from:
https://www.icmje.org/recommendations/browse/publishing-and-editorial-issues/clinical-trial-

registration.html

WHO data set [Internet]. [cited 2026 Jan 18]. Available from: https://www.who.int/tools/clinical-

trials-registry-platform/network/who-data-set

Commissioner O of the. FDA. FDA; 2024 [cited 2026 Jan 19]. About FDA. Available from:
https://www.fda.gov/about-fda

Food and Drug Administration FDA Modernization Act of 1997. Sect. 113, Public Law 105-115.

McCray AT, Ide NC. Design and Implementation of a National Clinical Trials Registry. J Am Med
Inform Assoc. 2000 May 1;7(3):313-23.

Trends and Charts on Registered Studies | ClinicalTrials.gov [Internet]. [cited 2026 May 06].

Available from: https://clinicaltrials.gov/about-site/trends-charts

FDAAA 801 and the Final Rule | ClinicalTrials.gov [Internet]. [cited 2026 Jan 19]. Available from:
https://clinicaltrials.gov/policy/fdaaa-801-final-rule

Prayle A, Hurley M, Smyth A. Compliance with mandatory reporting of clinical trial results on

ClinicalTrials.gov: cross sectional study. BMJ-Br Med J. 2012 Jan 3;344.

How do I determine if my study is an applicable clinical trial? - NLM Customer Support Center
[Internet]. [cited 2026 Jan 19]. Available from: https://support.nlm.nih.gov/kbArticle/?pn=KA-
04621

Law M, Kawasumi Y, Morgan S. Despite Law, Fewer Than One In Eight Completed Studies Of
Drugs And Biologics Are Reported On Time On ClinicalTrials.gov. Health Aff (Millwood). 2011
Dec;30(12):2338-45.

Juric D, Pranic S, Tokalic R, Milat A, Mudnic I, Pavlicevic I, et al. Clinical trials on drug-drug
interactions registered in ClinicalTrials.gov reported incongruent safety data in published articles:

an observational study. J Clin Epidemiol. 2018 Dec;104:35-45.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Shepshelovich D, Goldvaser H, Wang L, Razak A, Bedard P. Comparison of reporting phase I trial
results in ClinicalTrials.gov and matched publications. Invest New Drugs. 2017 Dec;35(6):827-33.

Li G, Abbade L, Nwosu I, Jin Y, Leenus A, Maaz M, et al. A systematic review of comparisons
between protocols or registrations and full reports in primary biomedical research. BMC Med Res

Methodol. 2018 Jan 11;18.

Wong E, Lachance C, Page M, Watt J, Veroniki A, Straus S, et al. Selective reporting bias in
randomised controlled trials from two network meta-analyses: comparison of clinical trial

registrations and their respective publications. BMJ OPEN. 2019 Sep;9(9).

Zhang S, Liang F, Li W. Comparison between publicly accessible publications, registries, and
protocols of phase III trials indicated persistence of selective outcome reporting. J Clin Epidemiol.

2017 Nov;91:87-94.

Mathieu S, Chan A, Ravaud P. Use of Trial Register Information during the Peer Review Process.

PLOS ONE. 2013 Apr 10;8(4).

Zarin D, Tse T, Williams R, Carr S. Trial Reporting in ClinicalTrials.gov - The Final Rule. N Engl J
Med. 2016 Nov 17;375(20):1998-2004.

Harriman S, Patel J. When are clinical trials registered? An analysis of prospective versus

retrospective registration. TRIALS. 2016 Apr 15;17.

Kantheti HS, Lokesh N, Costello-Serrano A, Rosero EB. Landscape of Anesthesiology
Perioperative Interventional Clinical Trials Registered in ClinicalTrials.gov. Anesthesiology. 2025

Dec;143(6):1504—14.

Li G, Warner M, Lang B, Huang L, Sun L. Epidemiology of Anesthesia-related Mortality in the
United States, 1999-2005. ANESTHESIOLOGY. 2009 Apr;110(4):759-65.

Pronovost P, Berenholtz S, Dorman T, Merritt W, Martinez E, Guyatt G. Evidence-based medicine

in anesthesiology. Anesth Analg. 2001 Mar;92(3):787-94.

Jones P, Chow J, Arango M, Fridfinnson J, Gai N, Lam K, et al. Comparison of Registered anti
Reported Outcomes in Randomized Clinical Trials Published in Anesthesiology Journals. Anesth

Analg. 2017 Oct;125(4):1292-300.



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

De Oliveira G, Jung M, McCarthy R. Discrepancies Between Randomized Controlled Trial
Registry Entries and Content of Corresponding Manuscripts Reported in Anesthesiology Journals.

Anesth Analg. 2015 Oct;121(4):1030-3.

Puljak L, Dosenovic S, Boric K. Importance of consistent outcomes in randomized controlled trials

and systematic reviews about anesthesiology and pain. PAIN Manag. 2018 Jul;8(4):251-3.

Riemer M, Kranke P, Helf A, Mayer D, Popp M, Schlesinger T, et al. Trial registration and
selective outcome reporting in 585 clinical trials investigating drugs for prevention of postoperative

nausea and vomiting. BMC Anesthesiol. 2021 Dec;21(1):249.

Jones P. Publication bias in the anesthesiology literature: shifting the focus from the “positive” to

the “truth.” Can J Anesth-J Can Anesth. 2016 Jun;63(6):658-63.

Dubben H, Beck-Bornholdt H. Systematic review of publication bias in studies on publication bias.

Br Med J. 2005 Aug 20;331(7514):433—4.

von Elm E, Altman D, Egger M, Pocock S, Gotzsche P, Vandenbroucke J, et al. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement Guidelines for
Reporting Observational Studies. EPIDEMIOLOGY. 2007 Nov;18(6):800—4.

Knox C, Wilson M, Klinger CM, Franklin M, Oler E, Wilson A, et al. DrugBank 6.0: the DrugBank
Knowledgebase for 2024. Nucleic Acids Res. 2024 Jan 5;52(D1):D1265-75.

Huser V, Cimino JJ. Precision and negative predictive value of links between ClinicalTrials.gov

and PubMed. AMIA Annu Symp Proc AMIA Symp. 2012;2012:400-8.

Earley A, Lau J, Uhlig K. Haphazard reporting of deaths in clinical trials: a review of cases of
ClinicalTrials.gov records and matched publications-a cross-sectional study. BMJ OPEN.

2013;3(1).

Zarin D, Tse T, Williams R, Rajakannan T. Update on Trial Registration 11 Years after the ICMJE
Policy Was Established. N Engl J Med. 2017 Jan 26;376(4):383-91.

International Committee of Medical Journal Editors Website. Available online:
https://web.archive.org/web/20250318185320/https://www.icmje.org/journals-following-the-icmje-

recommendations/ (accessed on 9 March 2021)



56.

57.

58.

59.

60.

61.

62.

63.

64.

ICMIE Ceases List of Journals Claiming to Follow Its Recommendations) | [CMJE | News &
Editorials [Internet]. [cited 2026 Feb 1]. Available from: https://www.icmje.org/news-and-

editorials/updated_recommendations_apr2025.html

Journal Citation Reports | Clarivate [Internet]. [cited 2026 Jan 26]. Available from:
https://clarivate.com/academia-government/scientific-and-academic-research/research-funding-

analytics/journal-citation-reports/

Hartung D, Zarin D, Guise J, McDonagh M, Paynter R, Helfand M. Reporting Discrepancies
Between the ClinicalTrials.gov Results Database and Peer-Reviewed Publications. Ann Intern Med.

2014 Apr 1;160(7):477-+.

Sun L, Lee D, Collins J, Carll T, Ramahi K, Sandy S, et al. Assessment of Consistency Between
Peer-Reviewed Publications and Clinical Trial Registries. JAMA Ophthalmol. 2019
May;137(5):552-6.

Walker KF, Stevenson G, Thornton JG. Discrepancies between registration and publication of
randomised controlled trials: an observational study. JRSM Open. 2014 May
1;5(5):2042533313517688.

Mughal Z, Fu R, Luechtefeld T, Chiswell K, Kleinstreuer N, Shaw G, et al. Compliance with
Results Reporting at ClinicalTrials.gov Before and After the 2017 FDAAA Final Rule: A
Comparative Analysis. J Acad Public Health. 2025;

McCormick C, Waller D, Elghzali A, Corwin L, Harris T, Hazlitt R, et al. Assessing the
completeness of safety reporting in clinical trials of regional anesthesia interventions: a registry-

publication comparison systematic review. Reg Anesth Pain Med. 2025 Oct 9;rapm-2025-107055.

Seidler A, Hunter K, Chartres N, Askie L. Associations between industry involvement and study
characteristics at the time of trial registration in biomedical research. PLOS ONE. 2019 Sep

25;14(9).

Scott A, Rucklidge JJ, Mulder RT. Is Mandatory Prospective Trial Registration Working to Prevent
Publication of Unregistered Trials and Selective Outcome Reporting? An Observational Study of
Five Psychiatry Journals That Mandate Prospective Clinical Trial Registration. Wicherts JM, editor.
PLOS ONE. 2015 Aug 19;10(8):e0133718.



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hedin RJ, Umberham BA, Detweiler BN, Kollmorgen L, Vassar M. Publication Bias and
Nonreporting Found in Majority of Systematic Reviews and Meta-analyses in Anesthesiology

Journals. Anesth Analg. 2016 Oct;123(4):1018-25.

Fleminger J, Goldacre B. Prevalence of clinical trial status discrepancies: A cross-sectional study of
10,492 trials registered on both ClinicalTrials.gov and the European Union Clinical Trials Register.

Beiki O, editor. PLOS ONE. 2018 Mar 7;13(3):e0193088.

Sedrakyan A, Marinac-Dabic D, Campbell B, Aryal S, Baird CE, Goodney P, et al. Advancing the
Real-World Evidence for Medical Devices through Coordinated Registry Networks. BMJ Surg
Interv Health Technol. 2022 Nov;4(Suppl 1):e000123.

Gliklich RE, Leavy MB. Assessing Real-World Data Quality: The Application of Patient Registry
Quality Criteria to Real-World Data and Real-World Evidence. Ther Innov Regul Sci. 2020
Mar;54(2):303-7.

Ferreira-Gonzalez I, Marsal JR, Mitjavila F, Parada A, Ribera A, Cascant P, et al. Patient Registries
of Acute Coronary Syndrome: Assessing or Biasing the Clinical Real World Data? Circ Cardiovasc

Qual Outcomes. 2009 Nov;2(6):540-7.

Ezzat VA, Lee V, Ahsan S, Chow AW, Segal O, Rowland E, et al. A systematic review of ICD
complications in randomised controlled trials versus registries: is our ‘real-world’ data an

underestimation? Open Heart. 2015 Feb;2(1):e000198.

Pradhan R, Hoaglin D, Cornell M, Liu W, Wang V, Yu H. Automatic extraction of quantitative data
from ClinicalTrials.gov to conduct meta-analyses. J Clin Epidemiol. 2019 Jan;105:92—-100.

Peng Z, Fan S, Tian Y, Wang Y, Qin Z, Doi S, et al. Comparing the accuracy of Al-assisted data
extraction versus human double extraction in evidence synthesis: a randomised controlled trial

protocol. BMJ Open. 2025 Nov;15(11):e106546.
Liibbeke A, Carr AJ, Hoffmeyer P. Registry stakeholders. EFORT Open Rev. 2019 Jun;4(6):330-6.

Hui¢ M, Marusi¢ M, Marusi¢ A. Completeness and Changes in Registered Data and Reporting Bias
of Randomized Controlled Trials in ICMJE Journals after Trial Registration Policy. Siegfried N,
editor. PLoS ONE. 2011 Sep 21;6(9):e25258.



75.

76.

77.

78.

79.

80.

81.

Van Lent M, IntHout J, Out HJ. Differences between information in registries and articles did not

influence publication acceptance. J Clin Epidemiol. 2015 Sep;68(9):1059-67.

Schroter S, Black N, Evans S, Carpenter J, Godlee F, Smith R. Effects of training on quality of peer
review: randomised controlled trial. Br Med J. 2004 Mar 20;328(7441):673-5.

Callaham M, Wears R, Waeckerle J. Effect of attendance at a training session on peer reviewer

quality and performance. Ann Emerg Med. 1998 Sep;32(3):318-22.
Thompson W, Wright J, Bissett P. Open exploration. ELIFE. 2020 Jan 9;9.

Saito H, Gill C. How Frequently Do the Results from Completed US Clinical Trials Enter the
Public Domain? - A Statistical Analysis of the ClinicalTrials.gov Database. PLOS ONE. 2014 Jul
15;9(7).

Jones C, Safferman M, Adams A, Platts-Mills T. Discrepancies between Clinical Trials.gov

recruitment status and actual trial status: a cross-sectional analysis. BMJ OPEN. 2017 Oct;7(10).

Holst M, Carlisle BG. Trials that turn from retrospectively registered to prospectively registered: a
cohort study of “retroactively prospective” clinical trial registration using history data. Trials. 2024

Mar 14;25(1):189.



8. SAZETAK



Uvod / ciljevi: Kakvoca prikaza podataka klinickih istraZivanja iz podrucja anesteziologije je, do sada,
bila nedovoljno istraZena. Cilj ove studije je na kohorti sazdanoj od anestezioloskih istraZivanja koja
podlijezu FDAAA legislativi ispitati dosljednost prikaza podataka vezanih za ustroj istraZivanja,
ishode, rezultate te neZeljene dogadaje izmedu dvaju izvora podataka: registracijske platforme

ClinicalTrials.gov te pripadajucih publikacija.

Metode: U presjecnom istraZivanju ukljucili smo randomizirana klinicka istraZivanja provedena na 29
odabranih lijekova koriStenih u anesteziologiji. Ispitali smo prikaz slijedecih kategorija podataka:
rezultate i mjere ishoda, nuspojave, smrtnost, broj ispitanika ukljucenih u studiju, ishod studije, grane
istraZivanja, kriterije odabira ispitanika te datum ukljucivanja prvog ispitanika. Takoder smo ispitali i
pridrZavanje rokova za registriranje istraZivanja pri ClinicalTrials.gov repozitoriju. Koristeci
metodologiju opisnog istrazivanja, prikazali smo pouzdanost prikaza podataka u repozitoriju i
pripadajucoj publikaciji. Analizirali smo razlike u ucestalosti nepodudarnosti ili neprimjerenog prikaza

podataka medu odabranim podskupinama.

Rezultati: Ukljucili smo 258 klinickih istraZivanja u periodu od 2009. do 2022. Udio retrospektivno
registriranih istraZivanja je bio 28,7%. Nepodudarnosti u prikazu rezultata su pronadene u 33,3%
studija, a u prikazu teSkih nuspojava u 62,4%, odnosno 67,4% u prikazu lakSih nuspojava. Primarni
ishodi su prikazivani mnogo dosljednije nego sekundarni (77,5% naspram 27,9%). Kriteriji odabira
(24%) i datum ukljucenja prvog ispitanika (29.5%) su bili najmanje dosljedno prikazane kategorije
podataka. Jedina kategorija podataka cija se dosljednost prikazivanja poboljSala s vremenom je
smrtnost. AnestezioloSki casopisi i Casopisi koji nisu indeksirani pri JCR su ceS¢e nepouzdano
prijavljivali nuspojave. Cimbenik odjeka ¢asopisa nije bio prediktor bolje dosljednosti prikaza

podataka.

Conclusions: Podatci klinickih istraZivanja iz podrucja anesteziologije prikazuju se nepouzdano.
Odgovorne osobe ukljucene u recenzentski postupak trebale bi razmotriti koriStenje repozitorija
registracije klinickih istraZivanja kao vrijednog oruda za procijeniti integritet podataka. Takoder,
nepodudarnosti izmedu registrirane i publicirane inacice iste studije postavljaju pitanje o pouzdanosti

obje inacice u svrhu prikupljanja podataka za meta-analize i donoSenje odluka u klini¢koj medicini.



9. ABSTRACT



Background/Objectives: The trial registration process in anesthesiology, along with the consistency of
reported data, has not been systematically investigated to date. Our study aims to describe the quality of
data from anesthesiology RCTs submitted to ClinicalTrials.gov and to assess their consistency with the
corresponding peer-reviewed publications. We examined the effects of the FDAAA legislation on

anesthesiology drug trial reporting.

Methods: We designed a cross-sectional study selecting RCTs performed on anesthetic drugs. We
investigated the quality of data reporting for specific items in the WHO dataset, including results and
outcome probability measures, adverse events, all-cause mortality, study size, study outcome, study
arm, selection criteria, and date of enrollment. Adherence to the ClinicalTrials.gov registration deadline
was also evaluated. We used descriptive statistics to describe the data quality in both of our data
sources, the registered version and publication of the same trial. We tested for differences in the

frequency of data reporting discrepancies using chi-square analysis and logistic regression.

Results: 258 published trials from 2009 to 2022 were selected from the ClinicalTrials.gov database.
We found that 28.7% of these were late to register. Discrepancies in reporting results occurred in 33.3%
of the trials, serious adverse events in 62.4%, and other adverse events in 67.4%. Primary outcomes
were reported much more consistently than secondary ones (77.5% vs 27.9%). The least consistently
reported data items were selection criteria (24%) and enrollment date (29.5%). All-cause mortality was
unique among the investigated data categories, being the only data item with improved reporting over
time. Anesthesiology journals and non-JCR-indexed journals reported adverse events more often.

Impact factor was not a predictor of better data reporting consistency.

Conclusions: Data reporting in anesthesiology trials is questionable in reliability. Whether trial
registries or publications are more vulnerable to biased reporting is a question with no definitive
answer. Nevertheless, we propose trial registries as an integral tool for validating trial data and the
study design during the peer-review process. With trial registries recognized as valid sources of real-

world data for secondary research, maintaining their reliability is increasingly important.
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Appendix 1. List of selected trials by NCT number:
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