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Essentials

• The reproducibility of Clinical Events Committee

(CEC) adjudications is almost unexplored.

• A random selection of events from a venous throm-

boembolism trial was blindly re-adjudicated.

• ‘Unexplained sudden deaths’ (possible fatal embolism)

explained most discordant adjudications.

• A precise definition for CEC adjudication of this type

of events is needed and proposed.

Summary. Background: When clinical trials use clinical

endpoints, establishing independent Clinical Events Com-

mittees (CECs) is recommended to homogenize the inter-

pretation of investigators’ data. However, the

reproducibility of CEC adjudications is almost unex-

plored. Objectives: To assess the reproducibility of CEC

adjudications in a trial of venous thromboembolism

(VTE) prevention. Methods: The PREVENU trial, a mul-

ticenter trial of VTE prevention, included 15 351 hospital-

ized medical patients. The primary endpoint was the

composite of symptomatic VTE, major bleeding or unex-

plained sudden death (interpreted as possible fatal pul-

monary embolism [PE]) at 3 months. The CEC comprised

a chairman and four pairs of adjudicators. Of 2970 adju-

dicated clinical events, a random selection of 179 events

(121 deaths, 40 bleeding events, and 18 VTE events) was

blindly resubmitted to the CEC. Kappa values and their

95% confidence intervals (CIs) were calculated to measure

adjudication agreement. Results: Overall, 18 of 179

(10.1%, 95% CI 6.5–15.3%) adjudications proved discor-

dant. Agreement for the PREVENU composite primary

endpoint was good (kappa = 0.73, 95% CI 0.61–0.85).
When analyzed separately, agreements were very good for

non-fatal VTE events (1, 95% CI not applicable), moder-

ate for all (fatal and non-fatal) VTE events (0.58,

95% CI 0.34–0.82), good for fatal and non-fatal major

bleeding events (0.71, 95% CI 0.55–0.88), and moderate

for all fatal events (0.60, 95% CI 0.40–0.81). Unexplained

sudden death interpreted as possible fatal PE was respon-

sible for nine of 18 (50%) discordant adjudications. Con-

clusion: The reproducibility of CEC adjudications was

good or very good for non-fatal VTE and bleeding

events, but insufficient for VTE-related deaths, for which

more precise and widely accepted definitions are needed.

Keywords: anticoagulants; cause of death; clinical trial;

reproducibility of results; venous thromboembolism.

Introduction

In clinical trials, when the endpoints are ‘complex to

assess and/or include subjective components and/or the

study cannot be blinded’, the European Medicines

Agency (EMEA) and the Food and Drug Administration

recommend establishing independent Clinical Events
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Committees (CECs) [1–3]. The EMEA defines such CECs

as committees of clinical experts in a specific clinical area

whose aim is to standardize and harmonize endpoint

assessment. Indeed, changes in the classification of events

between local investigators and CEC interpretations

have been reported to occur in 20–30% of cases, with

potential significant impacts on trial results [4–6]. How-

ever, according to a systematic review published in 2009,

only 33.4% of 314 clinical trials reported using a CEC

[3]. The authors of this review recommended the

systematic planning and reporting of CEC processes,

including a systematic assessment of the reliability of

CEC adjudications [3].

In trials of venous thromboembolism (VTE), the usual

clinical endpoints of thromboembolic and bleeding events,

fatal and non-fatal, fulfill the complexity and subjectivity

criteria that support their adjudication by a CEC. How-

ever, only 111 of 161 (68.9%) VTE trials in a systematic

review reported the use of a CEC, only five (3%) trials

reported or described a method to assess the reliability of

CEC adjudications [7], and none reported the results of

such assessments.

The PREVENU trial included 15 351 patients during the

intervention period in a randomized multicenter trial of

VTE prevention whose main study endpoint was the com-

posite of symptomatic VTE and major bleeding events at

3 months [8]. The large number of expected clinical events

provided an opportunity to assess the reproducibility of the

trial’s CEC adjudications.

Materials and methods

The PREVENU trial

The PREVENU trial (NCT01212393) is a multicenter

clinical trial that tested ‘the impact of a multifaceted

intervention to prevent VTE in patients admitted to emer-

gency wards and hospitalized for acute medical illness’,

whose results were recently published [8]. This trial

included 16 753 patients at 27 centers in France: 1402

during the pre-intervention period, and 15 351 during the

intervention period. The primary endpoint was the com-

posite of thromboembolic events (symptomatic deep vein

thrombosis [DVT], pulmonary embolism [PE]), unex-

plained sudden death (interpreted as possible fatal PE),

and major bleeding at 3 months.

The detailed definitions of these events, as they

appeared in the study protocol and as they were used by

the CEC, are as follows: (i) symptomatic VTE, compris-

ing symptomatic proximal DVT confirmed by compres-

sion ultrasound or venography or computed tomography

(CT) venography, symptomatic PE confirmed by CT pul-

monary angiography, pulmonary angiography, high-prob-

ability V/Q lung scan, or proximal DVT or autopsy, and

‘possible’ fatal PE, defined as sudden death without an

obvious cause according to the adjudication committee;

(ii) major bleeding (ISTH definition in non-surgical

patients [9]), comprising fatal bleeding, and/or symp-

tomatic bleeding in a critical area or organ, such as

intracranial, intraspinal, intraocular, retroperitoneal,

intra-articular or pericardial, or intramuscular with com-

partment syndrome, and/or bleeding causing a fall in

hemoglobin level of 20 g L�1 (1.24 mmol L�1) or more,

or leading to transfusion of two or more units of whole

blood or red blood cells.

CEC description

The CEC held six formal (in person) 1-day meetings over

a period of 2 years. The CEC consisted of nine members,

including a chairman (G.M.). All members were active

clinicians with expertise in VTE, including five pulmo-

nologists (P.G., F.P., O.S., P.D., and G.M.) and four

emergency physicians (P.H., A.P., S.D., and P.M.R.). All

CEC members had participated in previous VTE trials as

investigators, and seven members had previously partici-

pated in CEC adjudications.

The CEC workflow and the process of blinded file

resubmission are shown in Fig. 1. Briefly, the study

coordinator collected data on a total of 2970 clinical

events, reported by the investigators or identified

during on-site monitoring of participating centers by

clinical research assistants. All available information for

each event, blinded for study arm, was submitted to

one of four pairs of adjudicators, each pair adjudicating

approximately one-quarter of the 2970 events. If, after

discussion, a consensus was reached within the pair at

this stage, there was no further adjudication. If a

consensus could not be reached within the pair for a

given event, the event was discussed with the chairman

so that a majority decision (two to one) could be

reached.

Adjudications were reported on specific adjudication

forms for non-fatal VTE events (VTE according to proto-

col definition versus no VTE) and non-fatal major

2970
clinical

4 pairs of
adjudicators Consensus No consensus

within pair within pair Done

Chair

Random file selection
(Excel®-generated
random numbers)

(to another pair of adj.)

events

Fig. 1. Workflow of the PREVENU Clinical Events Committee, and

blinded re-adjudication of randomly selected files. [Color figure can

be viewed at wileyonlinelibrary.com]

© 2017 International Society on Thrombosis and Haemostasis

Reproducibility of clinical events adjudications 663



bleeding (major bleeding according to protocol definition

versus no major bleeding). For deaths, adjudicators had

to chose one among several causes of death: fatal VTE,

unexplained sudden death (interpreted as possible PE),

fatal bleeding, and an open list of other causes of death,

including ‘unknown cause of death’ when sufficient infor-

mation was unavailable.

Blinded resubmission

The adjudicators were left unaware that 183 randomly

selected events (representing ~ 10% of the events already

adjudicated at the time of selection) were re-injected into

the adjudication circuit, with attention being paid only to

the fact that a given event should not be adjudicated

twice by the same pair of adjudicators (Fig. 1). For this

exploratory study, the number of events submitted for re-

adjudication was only a pragmatic compromise between

feasibility (additional workload for the CEC) and reliabil-

ity (narrow confidence intervals [CIs]). Only the initial

adjudication was kept for the final results of the PRE-

VENU trial.

Statistics

Agreement between the two adjudications was measured

by calculating kappa values and their 95% CIs, with

MEDCALC Version 11.4.2.0 (www.medcalc.org). Other CIs

were calculated with OPENEPI (Open Source Epidemiologic

Statistics for Public Health; www.OpenEpi.com, updated

6 April 2013).

Additional data from the literature and simulation

To explore the effects of variations in the definition

and/or rate of fatal VTE events on the results of clini-

cal trials, we compared the main characteristics of six

studies (one outcome study and five randomized con-

trolled trials of VTE prevention or treatment, including

the PREVENU trial) in which VTE events, fatal and

non-fatal, formed part of the study primary endpoint.

As PE is the cause of < 20% of syncopes and only

~ 5% of sudden deaths [10,11], we included a simple

simulation to assess whether the results of these studies

would have differed if only 20% of all VTE events

were fatal.

Results

Of the 2970 events submitted to the CEC (371 non-fatal

VTE events, 895 non-fatal bleeding events, and 1704

deaths), 183 events were randomly selected for resubmis-

sion. Of these, 179 events could be analyzed (because of

missing information on four second adjudication forms),

consisting of 18 non-fatal VTE events, 40 non-fatal bleed-

ing events, and 121 deaths.

A summary of all adjudications is shown in Table 1.

Overall agreement for the PREVENU primary (compos-

ite) endpoint was good (kappa = 0.73, 95% CI 0.61–0.85;
Table 1). Each component of the composite endpoint

(non-fatal VTE, non-fatal major bleeding, and causes of

death including possible fatal PE and fatal bleeding) was

then analyzed separately. Agreement for non-fatal VTE

was very good (kappa = 1), but became only moderate

(kappa = 0.58) when fatal VTE events were included in

the comparison (Table 1). Agreement for fatal and non-

fatal major bleeding was good (kappa = 0.71). Agreement

for the causes of death (fatal PE versus fatal bleeding ver-

sus possible fatal PE versus other causes) was only mod-

erate (kappa = 0.60, 95% CI 0.40–0.81; Table 1).

Overall, there were 18 discordant adjudications (10.1%,

95% CI 6.5–15.3%; Table 1); unexplained sudden deaths

interpreted as possible fatal PEs accounted for nine of the

discordant adjudications (50%, 95% CI 29–71%). It is of

note that, among the 1704 patients who died in the PRE-

VENU trial, only three (0.2%) had a postmortem exami-

nation, and none had PE.

The comparison with other published trials is shown in

Table 2. Establishing an upper limit of 20% for the rate

of fatal VTE events among all VTE events could have

transformed the results of one trial from non-significant

to significant (Table 2).

Discussion

Although planning of methods to assess the reliability of

CEC adjudications in clinical trials is recommended [3],

such assessments are unavailable or non-existent in the

VTE literature [7]. The PREVENU trial, with its high

number of clinical events, provided a unique opportunity

to assess the reproducibility of CEC adjudications

through a blind re-adjudication of ~ 6% of the 2970

events. The reassuring findings of this study regarding

non-fatal events probably reflect the use of well-defined

and well-known criteria for diagnosing non-fatal VTE

events, and the availability of a clear definition for major

bleeding events in medical patients [9]. On the other hand,

the poor performance of CEC reproducibility for ‘unex-

plained sudden deaths’, interpreted as possible fatal PEs,

is concerning.

In VTE trials, whatever the clinical context (diagnosis,

prevention, or treatment), it is usual to consider that

deaths ‘for which PE cannot be ruled out’, especially

‘sudden deaths’ without autopsy, will be interpreted in

the study results as deaths from PE, in so-called ‘worst-

case scenarios’. Table 2 shows some recent VTE trials,

including the PREVENU trial, in which fatal PE formed

part of the study primary endpoint. The studies were cho-

sen to represent trials of diagnostic strategies in suspected

PE [12], VTE primary prevention [8,13,14], and treatment

of acute VTE [15,16]. Except for autopsy-diagnosed PEs,

the definitions of fatal PE vary across studies, from vague

© 2017 International Society on Thrombosis and Haemostasis
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to very vague (Table 2). Accordingly, the rate of VTE

deaths among all VTE events ranges from 13.7% to

54.8%. Of the 289 so-called VTE-related deaths in these

six trials, including 139 deaths from the PREVENU trial,

< 1% were autopsy-confirmed (data not shown in the

table), whereas all other deaths were adjudicated as ‘pos-

sible’ fatal PE, or ‘fatal PE cannot be ruled out’, depend-

ing on the wording used in each study. In at least one

trial, the simple act of limiting the rate of fatal PEs to

20% of all VTE events in both arms would have changed

the study results from a non-significant difference to posi-

tivity for the primary endpoint [15] (Table 2). Obviously,

the introduction of frequent and poorly reproducible

components into a composite endpoint may increase the

number of events while reducing the differences between

groups, and weaken any conclusions drawn from such

studies. These data illustrate the need for a clear, widely

accepted and reproducible definition of fatal VTE events,

to ensure that all CECs in VTE trials use the same crite-

ria. Finally, the increasing number of meta-analyses and

‘network meta-analyses’, in which this heterogeneity

between studies and its potential impact on the results

seem to be imprudently neglected, further reinforces the

need for such uniform criteria.

Several points should be kept in mind when working

on proposals for the adjudication of VTE-related deaths

in VTE trials. First, ‘sudden death’ has a clear definition,

used by emergency physicians, that includes a time of

< 1 h between the onset of new symptoms and death [17].

A ‘probable’ sudden cardiac death is ‘an unexpected

death without obvious extracardiac cause that occurred

within the previous 24 hours’ [17]. Including such timing

criteria for the definition of sudden death would be help-

ful in VTE trials. Second, PE is a rare cause of sudden

Table 1 (a) Results for all adjudications and overall discordance rate. Initial adjudications appear in columns, and second adjudications in

lines. (b) Discordances, kappa values and corresponding agreements between adjudications for various endpoints

(a)

Suspected VTE event Suspected major bleeding

Other

causes of

death

(H)

Discordances,

n/N (%; 95% CI)

Non-fatal

VTE

event (A)

Fatal

PE (B)

Possible

fatal

PE (C)

Not

VTE

event (D)

Non-fatal

major

bleeding (E)

Fatal

bleeding

(F)

Not

major

bleeding

(G)

Suspected VTE event

Non-fatal VTE event (A) 9 – – – – – – – 0/9

Fatal PE (B) – 1 – – – – – – 0/1

Possible fatal PE (C) – – 4 – – – – 4 4/8

Not VTE event (D) – – – 9 – – – – 0/9

Suspected major bleeding

Non-fatal major

bleeding (E)

– – – – 14 – 4 – 4/18

Fatal bleeding (F) – – – – – 7 – 3 3/10

Not major bleeding (G) – – – – 1 – 21 – 1/22

Other causes of death (H) – – 5 – – 1 – 96 6/102

Discordances, n/N

(%; 95% CI)

0/9 0/1 5/9 0/9 1/15 1/8 4/25 7/103 18/179 (10.1; 6.5–15.3)

(b)

Discordances, n/N

(%; 95% CI)

Kappa values

(95% CI) Agreement

Overall (A, B, C, D, E, F, G, H) 18/179 (10.1; 6.5–15.3) 0.84 (0.77–0.91) Very good

PREVENU composite endpoint

([A + B + C + E + F],

[D + G + H])

18/179 (10.1; 6.5–15.3) 0.73 (0.61–0.85) Good

Suspected VTE events

Non-fatal VTE events (A, D) 0/18 (0; 0–17.6) 1 (NA) Very good

All VTE events (A, B, C, D) 9/32 (28.1, 15.6–45.4) 0.58 (0.34–0.82) Moderate

Suspected major bleeding

Non-fatal bleeding (E, G) 5/40 (12.5; 5.5–26.1) 0.74 (0.53–0.95) Good

All bleeding events (E, F, G) 9/51 (17.6; 9.6–30.3) 0.71 (0.55–0.88) Good

Deaths (fatal PE, possible

fatal PE, fatal bleeding,

other causes) (B, C, F, H)

13/121 (10.7; 6.4–17.5) 0.60 (0.40–0.81) Moderate

CI, confidence interval; NA, not applicable; PE, pulmonary embolism; VTE, venous thromboembolism.
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death. Fewer than 20% of patients with syncope, a symp-

tom associated with high-risk PEs, have PE [11], and, in

a large autopsy study, PE was the cause of death in only

4.3% of 668 sudden deaths [10]. Obviously, higher rates

can be expected in populations with suspected PE or

established VTE, but values reaching 50%, as in some tri-

als (Table 2), are likely to represent a substantial overesti-

mate of the real number of fatal PEs. On these grounds

and the lessons learned from the adjudication of the

PREVENU clinical events, a proposal for definitions of

VTE-related deaths is shown in Table 3. Specifically, we

suggest a stricter and slightly different definition of unex-

pected sudden death interpreted as ‘possible fatal PE’

between trials of patients with and without established

VTE. These proposals could serve as a basis for discus-

sion and eventual ISTH-endorsed guidance for interpret-

ing this type of event. We also suggest that, except for

special populations at very high risk of fatal PE (e.g. in

the early days following a high-risk PE), the lower limit

of the 95% CI for the proportion of fatal PEs among all

VTE events should not exceed 20%, a criterion that could

be proposed as a marker of the reliability of fatal PE

adjudications.

This study has limitations. There are many ways to

organize the work of a CEC [3,7], and this study reflects

only one of these ways, which may limit the generalizabil-

ity of our conclusions. There are no precise guidelines for

CEC functioning, except for those ‘proposed’ by Dechar-

tre et al. [3]. The study by Stuck et al. describes the

reporting of adjudication processes in 111 VTE trials, and

only demonstrates the extreme heterogeneity of processes

between studies [7]. The PREVENU study and its CEC

appear to be in accordance with most propositions by

Dechartre et al., but it appears to be unique in reporting

the results of an assessment of the reliability of CEC

adjudications [3,7]. Such reporting can only be further

encouraged. Finally, the poor performance of the CEC in

some cases only reflects the limited availability of reliable

clinical information, which is key to reliable and repro-

ducible CEC adjudications. The timely collection of all

relevant information by the investigators is of utmost

importance, and may have been suboptimal in the PRE-

VENU study. However, it is unlikely that the category of

‘unknown’ cause of death will disappear soon in clinical

trials, and CEC members should even resist adjudicating

a definite cause of death on fragile bases, especially

regarding fatal PE.

To summarize, the reproducibility of CEC adjudica-

tions in the PREVENU study was good or very good for

the composite endpoint of non-fatal VTE and bleeding

events, but insufficient for sudden deaths interpreted as

fatal PEs, which need more precise and widely accepted

definitions in future trials. Measuring and reporting of

CEC adjudication reproducibility should be encouraged

in VTE trials.
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Table 3 Proposed definitions for fatal pulmonary embolism (PE) in

venous thromboembolism (VTE) trials

• Confirmed fatal PE:

o Autopsy-confirmed massive PE
o Death within 48 h of objectively confirmed high-risk/inter-

mediate high-risk PE (e.g. ESC/ERS criteria [20])
o Death from the complications of massive PE treatment (e.g.

complications of thrombolysis or embolectomy)

• Possible fatal PE

a Patients without established VTE*: Unexpected sudden death

(< 24 h between onset of symptoms and death) with other

signs or symptoms (e.g. signs or symptoms of DVT) or a high

clinical probability of PE (ideally, using the Geneva or Wells

scores).
b Patients with established VTE, recent or remote†: Unexpected

sudden death (< 24 h between onset of symptoms and death),

whatever the clinical probability of PE, unless other causes of

death appear more likely

• Fatal pulmonary embolism NOT confirmed:

o Any other cause of death more likely than PE
o PE cannot be ruled out, but is unlikely to be the main cause of

death (e.g. terminal cancer with performance status > 2)
o All other circumstances without an obvious cause (e.g. no reli-

able information from relatives and/or health professionals)

should be recorded as ‘cause of death: unknown’

DVT, deep vein thrombosis; ESC, European Society of Cardiology;

ERS, European Respiratory Society. *For example, trials of primary

prevention, and outcome studies of diagnostic algorithms for sus-

pected VTE in untreated patient. †For example, trials of new drugs

or therapeutic strategies, and duration of treatment.
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