
Dealing With Deaths in Clinical

Trials and Meta-Analyses

Gutiérrez-Arias et al1 undertook an

interesting and highly relevant review into

the potential efficacy of neuromuscular

electrical stimulation to reduce mechanical

ventilation duration for patients who are

critically ill. The authors should be com-

mended for the amount of work that obvi-

ously went in to this review. However,

research in the ICU is fraught with diffi-

culty, with high death rates and study par-

ticipants not reaching primary end points,

which typically results in missing data. In

taking a study that looks at the use of

neuromuscular electrical stimulation to

reduce mechanical ventilation duration as

an example, in which the intervention pe-

riod has a fixed duration, the participants

who do not reach an end point (in this case,

liberation from mechanical ventilation) by

the end of the study would normally be

treated as censored, that is, they did not

wean from mechanical ventilation within

the intervention period. Dealing with deaths

in a study is more difficult. One option is to

also censor these participants when estimat-

ing the risk of being liberated from ventila-

tion (and, conversely, to estimate the risk of

death). This would result in a cause-specific

hazard analysis. Although this approach can

be suitable, it is important to note that it

assumes that the risks are independent. The

fact that a participant has reached one end

point is treated as uninformative for the risk

of an alternative end point.

Alternatively, the approach of subdistribu-

tion hazards by Fine and Gray2 can be used

to handle competing risks. Compared with

the censoring approach, this method does not

treat the competing events as censoring but

instead includes these observations in the “at-

risk” group. This can be understood as con-

sidering the (hypothetical) risk of a person

being liberated from mechanical ventilation

if the first event (death) had not occurred.

The approach by Fine and Gray2 is problem-

atic in the context of a causal analysis but

tends to give better predictions than censor-

ing.3 Which type of analysis is more appro-

priate depends on the context and aims. Both

methods can produce misleading results if the

model is misspecified, that is, if not all rele-

vant risk factors are included in the model,

especially if they affect multiple outcomes.

The scale of the problem of death in

ICU studies is highlighted in the recently

published study by Gutiérrez-Arias et al.1

In one of their included studies, that by

Routsi et al,4 50 of the 142 participants

(35.2%) randomized to the study died.

Neither Gutiérrez-Arias et al1 nor the

authors of the studies reported in the meta-

analysis adopted the approach of censoring

or subdistribution hazards to account for

the proportion of the participants who were

either not liberated from mechanical venti-

lation or died during these studies. Instead,

all of these participants were excluded

from the analysis. As such, the reporting

of the studies in the meta-analysis by

Gutiérrez-Arias et al1 is inherently biased,

with results only reported for those who

were liberated from mechanical ventila-

tion. We suggest that the use of a shared

parameter model for the meta-analysis

would help to reduce the bias due to com-

peting risks.5

It should also be noted that there are a

number of reporting errors in the article of

Gutiérrez-Arias et al.1 When considering

the mechanical ventilation duration in the

intervention and control groups for

the study conducted by Dall’Acqua et al,6

the mean ventilation duration for the ex-

perimental group is incorrectly reported as

10 days, as opposed to the 7 days reported

in the original article. By following the

reporting method used by Gutiérrez-

Arias et al,1 this correction would further

strengthen the significance of the effect of

neuromuscular electrical stimulation to

reduce mechanical ventilation duration,

which the authors currently describe as

very weak. It should also be noted that the

P value for the study by McCaughey et

al7 is incorrectly reported at .40, rather

than .04. We hope that this letter provides

some insight into how to deal with com-

peting risks in clinical trials, and thank

Gutiérrez-Arias et al1 for their interesting

article.
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5. Thom H, López-López JA, Welton NJ.

Shared parameter model for competing

risks and different data summaries in

meta-analysis: implications for common

and rare outcomes. Res Synth Methods

2020;11(1):91-104.

6. Dall’ Acqua AM, Sachetti A, Santos LJ,

Lemos FA, Bianchi T, Naue WS, et al. Use

of neuromuscular electrical stimulation to

preserve the thickness of the abdominal and

chest muscles of critically ill patients: a

randomized clinical trial. J Rehabil Med

2017;49(1):40-48.

7. McCaughey EJ, Jonkman AH, Boswell-

Ruys CL, McBain RA, Bye EA, Hudson

AL, et al. Abdominal functional electrical

stimulation to assist ventilator weaning in

critical illness: a double blinded, rando-

mised, sham-controlled pilot study. Crit

Care 2019;23(1):261.

RESPIRATORY CARE � SEPTEMBER 2021 VOL 66 NO 9 1503

CORRESPONDENCE

mailto:Dealing With Deaths in Clinical Trials and Meta-AnalysesGutirrez-Arias et al1 undertook an interesting and highly relevant review into the potential efficacy of neuromuscular electrical stimulation to reduce mechanical ventilation duration for patients who are critically ill. The authors should be commended for the amount of work that obviously went in to this review. However, research in the ICU is fraught with difficulty, with high death rates and study participants not reaching primary end points, which typically results in missing data. In taking a study that looks at the use of neuromuscular electrical stimulation to reduce mechanical ventilation duration as an example, in which the intervention period has a fixed duration, the participants who do not reach an end point (in this case, liberation from mechanical ventilation) by the end of the study would normally be treated as censored, that is, they did not wean from mechanical ventilation within the intervention period. Dealing with deaths in a study is more difficult. One option is to also censor these participants when estimating the risk of being liberated from ventilation (and, conversely, to estimate the risk of death). This would result in a cause-specific hazard analysis. Although this approach can be suitable, it is important to note that it assumes that the risks are independent. The fact that a participant has reached one end point is treated as uninformative for the risk of an alternative end point.Alternatively, the approach of subdistribution hazards by Fine and Gray2 can be used to handle competing risks. Compared with the censoring approach, this method does not treat the competing events as censoring but instead includes these observations in the at-risk group. This can be understood as considering the (hypothetical) risk of a person being liberated from mechanical ventilation if the first event (death) had not occurred. The approach by Fine and Gray2 is problematic in the context of a causal analysis but tends to give better predictions than censoring.3 Which type of analysis is more appropriate depends on the context and aims. Both methods can produce misleading results if the model is misspecified, that is, if not all relevant risk factors are included in the model, especially if they affect multiple outcomes.The scale of the problem of death in ICU studies is highlighted in the recently published study by Gutirrez-Arias et al.1 In one of their included studies, that by Routsi et al,4 50 of the 142 participants (35.2) randomized to the study died. Neither Gutirrez-Arias et al1 nor the authors of the studies reported in the meta-analysis adopted the approach of censoring or subdistribution hazards to account for the proportion of the participants who were either not liberated from mechanical ventilation or died during these studies. Instead, all of these participants were excluded from the analysis. As such, the reporting of the studies in the meta-analysis by Gutirrez-Arias et al1 is inherently biased, with results only reported for those who were liberated from mechanical ventilation. We suggest that the use of a shared parameter model for the meta-analysis would help to reduce the bias due to competing risks.5It should also be noted that there are a number of reporting errors in the article of Gutirrez-Arias et al.1 When considering the mechanical ventilation duration in the intervention and control groups for the study conducted by DallAcqua et al,6 the mean ventilation duration for the experimental group is incorrectly reported as 10 days, as opposed to the 7 days reported in the original article. By following the reporting method used by Gutirrez-Arias et al,1 this correction would further strengthen the significance of the effect of neuromuscular electrical stimulation to reduce mechanical ventilation duration, which the authors currently describe as very weak. It should also be noted that the P value for the study by McCaughey et al7 is incorrectly reported at .40, rather than .04. We hope that this letter provides some insight into how to deal with competing risks in clinical trials, and thank Gutirrez-Arias et al1 for their interesting article.


The authors respond

I sincerely thank Dr McCaughey and

his collaborators for their interest in our

work.1 With respect to your comments,

I agree that it is problematic to

adequately estimate the risks of favor-

able or unfavorable events when the dif-

ferent outcomes are related and, rather,

when the probabilities of their occur-

rence compete with each other, as you

have well exemplified with respect to

mortality and liberation from mechani-

cal ventilation. Furthermore, I agree

that our results are applicable only to

the population that finally achieved lib-

eration from invasive mechanical venti-

lation, which does not mean that such

estimations of the difference in me-

chanical ventilation duration between

the group of subjects who were crit-

ically ill and who received neuromuscu-

lar electrical stimulation and the control

or sham neuromuscular electrical stim-

ulation group is biased but rather

responds to a different and more spe-

cific research question.

It would be interesting to consider using

a shared parameter model2 to estimate the

risk of “suffering” of a specific event

through a meta-analysis, as you suggest, as

opposed to an intervention research ques-

tion, which involves a “risk competition.”

For this, randomized clinical trials

included in a meta-analysis should con-

sider among their outcomes the evaluation

of the incidence of these events at a fixed

follow-up time, such as mortality versus

liberation from invasive ventilation at day

28 from the start of ventilatory support. In

this way, the relative risks of dying and

achieving liberation from invasive ventila-

tion could be estimated for a given follow-

up. Therefore, future systematic reviews

that seek and can conduct meta-analyses

according to the data available in the

included randomized clinical trials

could adequately estimate the risk of

different outcomes at a given time2

(categorical variables, such as death,

liberation of mechanical ventilation,

discharge from the ICU at a given time),

and also establish the effect of an inter-

vention on quantitative outcomes, such

as the ICU length of stay or the duration

of invasive ventilation, thus providing a

more complete picture of the landscape

studied.2

However, it should be noted that the

determination of a single quantitative esti-

mator, such as “time on mechanical venti-

lation,” is not free of problems that can

introduce biases in this estimation, as was

detected in our work.1 This is the case of

the study by Routsi et al3 due to the large

loss of participants, as you rightly point

out, and which we did consider because we

rated the risk of bias arising from attrition

as high.4 In any case, it should be consid-

ered that, although the losses were high in

the study by Routsi et al,3 they were bal-

anced between the groups (66% in the inter-

vention group and 61% in the control

group), which could have an impact on the

estimation of the risk of discontinuation of

mechanical ventilation within the groups

rather than on the difference in risk between

the groups, thanks to the random assignment

of the participants to the different groups.

Finally, and regretting the inaccuracy

in the data extracted from the study by

Dall’Acqua et al5 and in the reporting

of the statistical significance value of

the study by McCaughey et al6 (not

included in our meta-analysis), I reaf-

firm our conclusion of the effect of neu-

romuscular electrical stimulation on the

duration of mechanical ventilation,1

because, although the mean difference

changes slightly when all studies are

considered (mean difference –2.83

[95% CI –3.88 to –1.78] d), the “low

certainty of evidence” rating for the to-

tality of studies was not determined by

such mean difference, together with its

95% CI (input to assess imprecision and

inconsistency within the GRADE

(Grading of Recommendations Assess-

ment, Development, and Evaluation)

approach,7 but, due to the very serious

risk of bias of the included studies,

mainly derived from problems in the

generation and concealment of the ran-

dom sequence.
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