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Abstract

Purpose Current practice in organ donation after death

determination by circulatory criteria (DCD) advises a five-

minute observation period following circulatory arrest,

monitoring for unassisted resumption of spontaneous

circulation (i.e., autoresuscitation). In light of newer

data, the objective of this updated systematic review was

to determine whether a five-minute observation time was

still adequate for death determination by circulatory

criteria.

Source We searched four electronic databases from

inception to 28 August 2021, for studies evaluating or

describing autoresuscitation events after circulatory arrest.

Citation screening and data abstraction were conducted

independently and in duplicate. We assessed certainty in

evidence using the GRADE framework.

Principal findings Eighteen new studies on

autoresuscitation were identified, consisting of 14 case

reports and four observational studies. Most studies

evaluated adults (n = 15, 83%) and patients with

unsuccessful resuscitation following cardiac arrest

(n = 11, 61%). Overall, autoresuscitation was reported

to occur between one and 20 min after circulatory arrest.

Among all eligible studies identified by our reviews

(n = 73), seven observational studies were identified. In

observational studies of controlled withdrawal of life-
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sustaining measures with or without DCD (n = 6), 19

autoresuscitation events were reported in 1,049 patients

(incidence 1.8%; 95% confidence interval, 1.1 to 2.8). All

resumptions occurred within five minutes of circulatory

arrest and all patients with autoresuscitation died.

Conclusion A five-minute observation time is sufficient for

controlled DCD (moderate certainty). An observation time

greater than five minutes may be needed for uncontrolled

DCD (low certainty). The findings of this systematic review

will be incorporated into a Canadian guideline on death

determination.

Study registration PROSPERO (CRD42021257827);

registered 9 July 2021.

Résumé

Objectif La pratique actuelle en matière de don d’organes

après une détermination du décès par critères circulatoires

(DCC) préconise une période d’observation de cinq

minutes après l’arrêt circulatoire et le monitorage de la

reprise non assistée de la circulation spontanée (c.-à-d.

l’auto-réanimation). À la lumière de données plus récentes,

l’objectif de cette revue systématique mise à jour était de

déterminer si un temps d’observation de cinq minutes était

toujours suffisant pour une détermination de décès selon

des critères circulatoires (DCC).

Sources Nous avons effectué des recherches dans quatre

bases de données électroniques depuis leur création

jusqu’au 28 août 2021 pour en tirer les études évaluant

ou décrivant des événements d’autoréanimation après un

arrêt circulatoire. L’examen des citations et l’extraction

des données ont été réalisés de manière indépendante et en

double. Nous avons évalué la certitude des données

probantes à l’aide de la méthodologie GRADE.

Constatations principales Dix-huit nouvelles études sur

l’autoréanimation ont été identifiées, comprenant 14

présentations de cas et quatre études observationnelles.

La plupart des études ont évalué des adultes (n = 15, 83 %)

et les patients dont la réanimation avait échoué à la suite

d’un arrêt cardiaque (n = 11, 61 %). Dans l’ensemble,

l’autoréanimation a été signalée entre une et 20 minutes

après l’arrêt circulatoire. Parmi toutes les études

admissibles identifiées par nos comptes rendus (n = 73),

sept études observationnelles ont été identifiées. Dans les

études observationnelles sur l’interruption contrôlée des

thérapies de maintien des fonctions vitales avec ou sans

DCC (n = 6), 19 événements d’autoréanimation ont été

rapportés chez 1049 patients (incidence 1,8 % ; intervalle

de confiance à 95 %, 1,1 à 2,8). Toutes les reprises ont eu

lieu dans les cinq minutes suivant l’arrêt circulatoire et

tous les patients en autoréanimation sont décédés.

Conclusion Un temps d’observation de cinq minutes est

suffisant pour un DCC contrôlé (certitude modérée). Un

temps d’observation supérieur à cinq minutes peut être

nécessaire en cas de DDC non contrôlé (faible certitude).

Les résultats de cette revue systématique seront intégrés à

des lignes directrices canadienne de pratique clinique sur

la détermination du décès.

Enregistrement de l’étude PROSPERO

(CRD42021257827); enregistrée le 9 juillet 2021.

Keywords critical care � death � heart arrest �
life support care � systematic review �
tissue and organ procurement

Death determination demands well-defined, evidence-based

criteria for clinical practice. While this is relevant for all

instances of death, it is particularly germane in the context of

deceased organ donation. Deceased donation practice must

adhere to the dead donor rule, which states that ‘‘vital organs

should only be taken from dead patients and, correlatively,

living patients must not be killed by organ retrieval.’’1

Therefore, in cases of organ donation after death

determination by circulatory criteria (DCD), the permanent

cessation of circulation must be decisively established to

ensure that a patient is correctly determined to be dead. The

ethical and legal implications of death determination also

mandate that criteria for its determination be supported by the

best contemporary evidence, so as to also ensure clinicians’

certainty and trust in the process of death determination.

The term autoresuscitation describes the unassisted

return of spontaneous circulation, which may occur

within variable periods of time following circulatory

arrest.2,3 Autoresuscitation has been shown to occur most

frequently following termination of unsuccessful

cardiopulmonary resuscitation (CPR),4 but may also

occur in the context of controlled withdrawal of life-

sustaining measures (WLSM).2,3 Therefore, Canadian

recommendations for DCD practice to date have advised

an observation period of five minutes after cessation of

circulation to ensure its permanence, as autoresuscitation

has not been shown to occur after this time.5,6

Our group has previously published two systematic

reviews summarizing the evidence on the occurrence and

timing of autoresuscitation.2,3 These systematic reviews

showed that evidence on autoresuscitation was low in

quality and largely consisting of case reports. An updated

systematic review is now needed to evaluate emerging

evidence on this phenomenon, including the publication of

two large observational studies since our last systematic

review.7,8 Therefore, the objective of this systematic review

was to summarize the information from studies published

since the last review, assess the quality of the body of

evidence to date, and evaluate whether a five-minute

observation period is still sufficient in the context of DCD.
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Methods

This systematic review was conducted as part of a larger

project in collaboration with the Canadian Critical Care

Society, Canadian Medical Association, and Canadian

Blood Services to develop a clinical practice guideline for

death determination after arrest of circulatory or neurologic

function, as well as a medical, brain-based definition of

death.9 The review protocol was designed a priori and

registered on PROSPERO (9 July 2021;

CRD42021257827). The reporting of this systematic

review is in accordance with the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses

(PRISMA) statement (Electronic Supplementary Material

[ESM] eAppendix 1).10

Eligibility criteria

We included all studies with patients monitored after arrest

of circulation, or that described an autoresuscitation event

that was witnessed or captured with continuous monitoring.

For this review, an autoresuscitation event was defined as

the unassisted return of spontaneous cardiac activity,

arterial blood pressure, electrocardiogram, breathing, or

other (i.e., as defined by investigators) that was identified

by the bedside clinician. There were no restrictions with

respect to participant age, clinical context (i.e., controlled

or uncontrolled DCD or otherwise), or outcomes evaluated.

For this review, controlled DCD refers to DCD that follows

controlled WLSM (Maastricht category III) or Medical

Assistance in Dying (MAiD; Maastricht category V), and

uncontrolled DCD refers to DCD that follows unsuccessful

CPR (Maastricht category II).11 Case reports and

abstracts/conference proceedings were included. Surveys,

literature reviews, commentaries/editorials, and animal and

ethical analysis studies were excluded. Studies published in

languages other than English or French were excluded for

feasibility.

Database search and study selection

As we planned to use the results of this updated systematic

review to inform a clinical practice guideline, the search

strategy from our previous systematic reviews on

autoresuscitation was reviewed and updated to reflect

changes identified in the literature, terminology, and

indexing and translated to a broader selection of

databases. Our updated search strategy was designed by

an information specialist (R. F.) in collaboration with

content experts, and then peer-reviewed by a second

information specialist (D. C.) not involved in the study.

The final search strategy was developed in Medline and

then translated into the other databases, as appropriate

(ESM eAppendix 2). We initially searched the following

electronic databases from their dates of inception to May

27, 2021: Medline (1946 to 27 May 2021), Embase (1947

to 27 May 2021), Cochrane CENTRAL (2021, Issue 4),

and Web of Science (1900 to 27 May 2021). The search

was subsequently updated on 28 August 2021. We

restricted the search to exclude animal studies and

languages other than French or English. Citations were

imported into EndNote and duplicates were removed.

Citation screening and data extraction

Citations were uploaded for screening to insightScope,A a

platform for executing large reviews through

crowdsourcing.12–15 Citation screening was conducted

independently and in duplicate by a team of 11 reviewers

recruited from Canadian Blood Services, The University of

British Columbia, University of Calgary, Chulalongkorn

University, University of Alberta, University of Toronto, and

NovaScotiaHealthServices. Prior to gaining access to the full

set of citations, each potential reviewer read the systematic

review protocol and was required to achieve a sensitivity of at

least 0.80when screening a test set of 100 citations (containing

ten true positives). This approach is consistent with other

systematic reviews conducted using large teams

(crowdsourcing),14,16,17 including those published by

members of our investigative team.15,18 Screening was

performed in two steps (title and abstract, then full text)

against the inclusion criteria by two independent reviewers.

Disagreements were resolved by the study lead (J. S.) where

necessary. Upon completion of full-text review, two

investigators (J. S., L. H.) reviewed all retained citations to

identify potential duplicates and confirm eligibility.

Data were collected using electronic data extraction

forms (Microsoft Excel; Microsoft Corporation, Redmond,

WA, USA) modified from our previous systematic

reviews.2,3 Data items included study and participant

demographics, clinical context (e.g., WLSM, controlled

or uncontrolled DCD, or otherwise), and details pertaining

to the incidence, monitoring (including cardiac rhythm

prior to autoresuscitation event), and identification of

autoresuscitation events. Data were extracted from

included studies by two independent reviewers and in

duplicate. Disagreements were resolved by third reviewer

arbitration (J. S. or L. H.) where necessary.

Risk of bias and certainty of evidence assessments

We planned to perform risk of bias and certainty of

evidence assessments on the highest levels of evidence

A insightScope. The future of systematic reviews, 2020. Available

from URL: https://insightscope.ca (accessed October 2022).
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among the body of evidence identified in our entire search

strategy (i.e., observational studies, randomized, and

nonrandomized trials, and excluding case reports/series).

Risk of bias was ascertained at the study level and assessed

by two reviewers independently and in duplicate. Conflicts

were resolved by consensus, with arbitration by a third

reviewer if necessary. Assessments were performed using

the domains of the Newcastle-Ottawa Scale, considering:

1) selection of cohorts, 2) comparability of cohorts, and 3)

assessment of outcome.19 Given the implicit absence of a

comparator group in the studies included in our review, we

adapted the Newcastle-Ottawa Scale by excluding the risk

of bias domains pertaining to selection of nonexposed

cohorts and comparability of cohorts, as has been

previously reported.20,21 Consequently, risk of bias was

assessed out of a total of six stars with higher scores

corresponding to lower risk of bias.

We assessed the certainty in the same aggregate body of

evidence using the Grading of Recommendations

Assessment, Development, and Evaluation (GRADE)

framework, which classifies certainty as very low, low,

moderate, or high based on evaluation of risk of bias,

inconsistency, indirectness, imprecision, and publication

bias.22 We assessed the certainty of evidence for the

following outcomes of interest, and separately for the

context of controlled and uncontrolled DCD: 1) declaring

someone dead who is not yet dead (i.e., false positive;

resumption of spontaneous circulation after five minutes

observation time) and 2) missing someone who is dead

(i.e., false negative; no resumption of spontaneous

circulation prior to the end of five minutes observation

time).

Data analysis

Characteristics of included studies were summarized

descriptively in tables. Binary data were summarized as

counts with percentages, and continuous variables were

summarized with means and standard deviations (SDs).

Where necessary, we calculated means and SDs using the

methods proposed by Wan et al.23 based on data provided

in studies. Primary outcome data (i.e., observation time

following cessation of circulation) was analyzed

descriptively and presented in a summary table. Given

the maturity of evidence since our last review, we restricted

our primary outcome, risk of bias, and certainty in the

evidence analyses to the observational studies identified in

the entirety of our reviews. A summary of findings

table was created to describe the certainty of the

evidence for each outcome of interest. Justifications for

certainty assessments are described in the table footnotes.

Results

Study identification

Of 6,120 records identified through the database search

(ESM eAppendix 2), we reviewed 3,741 unique citations

and assessed 136 full texts for eligibility. We excluded 73

full texts, leaving 63 studies meeting eligibility criteria

(Figure). Of these, 45 studies had been included in our

previous reviews,2,3 leaving 18 new studies7,8,24–39

identified in this systematic review update. Of these,

three case reports were missed by our previous systematic

reviews.35,37,38 To assess our primary outcome (i.e.,

observation time following cessation of circulation), risk

of bias, and certainty in evidence to date, we also included

the three observational studies40–42 identified prior to this

review update in our results synthesis.

Study characteristics

Of the 18 new studies identified in this updated systematic

review, 14 (78%) were case reports26–39 and four (22%)

were observational studies.7,8,24,25 Characteristics of the

study participants and autoresuscitation events among the

14 case reports are summarized in Table 1. Characteristics

of the seven total observational studies (i.e., three identified

in previous reviews and four identified in this update) are

summarized in Table 2.

Case reports

Ten case reports (71%) described autoresuscitation events

in a total of 11 patients following unsuccessful

CPR.28–30,33–39 Six patients had an out-of-hospital cardiac

arrest (OHCA)29,33,34,37,39 and five an in-hospital cardiac

arrest.28,30,35,36,38 Most patients were adults (n = 10; age

range, 25–79 yr). The one pediatric case report described

an 18 month-old with unsuccessful CPR following

OHCA.29 Among these case reports, autoresuscitation

events were reported to occur 2–20 min following

termination of CPR, with only four of these reporting any

continuous vital sign monitoring during circulatory

arrest.34,36,38,39 The longest reported time between

cessation of circulation and autoresuscitation in patients

with continuous monitoring was greater than five minutes

(not further specified).36 Four of 11 patients with

terminated CPR were reported to have survived following

unassisted resumption of spontaneous circulation.29,33,34,38

Four case reports (29%) described five patients (age

range, 23 months to 86 yr) with autoresuscitation events

following controlled WLSM,26,27,31,32 including two cases

during DCD.31,32 Autoresuscitation was reported to occur

between one and 14 min following circulatory arrest.
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Nevertheless, in patients with continuous vital sign

monitoring, the longest time to an autoresuscitation event

was four minutes. Two patients survived, including a

patient with autoresuscitation after ‘‘several’’ minutes of

asystole. In the context of potential DCD, two

autoresuscitation events were reported occurring after one

and two to four minutes of circulatory arrest,

respectively.31,32 One adult patient had 17 min of

resumption of circulation following which they were

deemed ineligible for organ donation.32 The second

autoresuscitation event occurred in a pediatric patient

with 20 min of resumption of circulation after which they

had permanent circulatory arrest and donated kidneys.31

Observation time following cessation of circulation

To evaluate the evidence to support a shorter or longer than

five-minute observation time used in death determination

by circulatory criteria, we separately analyzed the seven

observational studies identified from our entire systematic

reviews as they represented the highest level of available

evidence. Characteristics and outcomes of these studies are

summarized in Table 2. Four studies had a prospective

observational design7,8,40,41 and three studies were

retrospective.24,25,42 The majority of studies evaluated

circulatory arrest following controlled WLSM with or

without DCD (n = 6),8,24,25,40–42 and the majority of

participants were adults (99%; 1,877/1,889 participants).

Full-text articles 
assessed for eligibility

(n=136)

Records identified through 
database searching

(n=6120)

Sc
re
en

in
g

In
cl
ud

ed
El
ig
ib
ili
ty

Id
en

tif
ic
at
io
n

Records after 
duplicates removed

(n=3741)

Titles/abstracts screened
(n=3741) 

Records excluded
(n=3605) 

Full-texts excluded (n=73)
No mention of observation period (n=28)
Ineligible study type (n=24)
No monitoring after circulatory arrest (n=11)
Ineligible language (n=4) 
Not human participants (n=3) 
Not death determination by circulatory 
criteria (n=3)

Eligible studies 
(n=63)

Newly identified studies
(n=18)

Studies included in 
previous reviews (n=45)

Observational studies from 
previous reviews (n=3)

Studies included in analysis
(n=21)

Figure PRISMA flow diagram.

Details of the study selection

process in this systematic

review
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Controlled withdrawal of life-sustaining measures

with or without organ donation after death

determination by circulatory criteria

Following controlled WLSM with or without DCD,

19/1,049 participants were reported to have had an

autoresuscitation event (incidence 1.8%; 95% confidence

interval [CI], 1.1 to 2.8). The longest duration between

circulatory arrest and autoresuscitation was four minutes

20 sec. The largest observational study on autoresuscitation

in participants with controlled WLSM (n = 631) defined

resumption of cardiac electrical and pulsatile activity as a

return of arterial pulse pressure of at least 5 mm Hg

corresponding to at least one QRS complex on

electrocardiography, after a period of pulse pressure of

less than 5 mm Hg for at least 60 sec, as detected by an

indwelling arterial pressure catheter monitor.8 Five

autoresuscitation events were reported clinically and

confirmed retrospectively with analysis of invasive

arterial blood pressure waveforms. The retrospective

waveform analysis in this study also found an additional

62 events meeting the study criteria for autoresuscitation

that were not reported clinically, totalling 67

autoresuscitation events in 480 participants with complete

waveform data.8 Similarly, a pilot observational study

including participants with controlled WLSM reported no

clinically observed autoresuscitation events, but identified

four occurrences of spontaneous return of invasive arterial

blood pressure waveforms.41 Only one of these events

resulted in a measurable blood pressure, and the longest

duration to any spontaneous return of arterial waveform

was 89 sec following circulatory arrest.41 Of note, no

participants with autoresuscitation in any of the included

studies survived.

Three studies reported more than one autoresuscitation

event among a total of ten participants,8,24,25 with no

subsequent autoresuscitation occurring outside of a five-

minute observation period. In the specific context of DCD,

we identified five observational studies enrolling a total of

420 potential DCD participants, including eight pediatric

participants.8,24,25,40,42 Among these, 16 participants

(incidence, 3.8%; 95% CI, 2.2 to 6.1) experienced

autoresuscitation events, all within three minutes

following circulatory arrest.

Uncontrolled organ donation after death determination

by circulatory criteria

There was no direct evidence pertaining to

autoresuscitation in uncontrolled DCD patients.

Nevertheless, we identified one prospective observational

study that enrolled 840 participants in the context of

unsuccessful CPR following OHCA.7 Five

autoresuscitation events were reported (incidence, 0.6%;

95% CI, 0.2 to 1.4). The duration of CPR prior to these

events ranged from 12 to 31 min, and both the initial and

last cardiac rhythm prior to autoresuscitation was asystole

(n = 1) or pulseless electrical activity (n = 4). Three

participants experienced autoresuscitation at three minutes

after CPR termination, one patient at six minutes and one

patient at eight minutes. Autoresuscitation events in the

latter two participants were confounded by failure to

disconnect the ventilation bag from the endotracheal tube,

and continuation of a norepinephrine infusion after

cessation of CPR, respectively. No patients with

autoresuscitation survived.

Pediatrics

Two studies included pediatric participants (n = 12) in the

context of WLSM. One study included infants and toddlers

with WLSM only (n = 4; mean [SD] age, 13 [11]

months),41 and another teenagers with potential DCD

(n = 8; mean [SD] age, 16 [1] yr).40 No autoresuscitation

events were observed among pediatric participants.

Risk of bias and certainty of evidence

Risk of bias assessments were performed for the seven

included observational studies and are summarized in

Table 3. The certainty of evidence by GRADE criteria is

summarized in Table 4.

Discussion

This updated systematic review on autoresuscitation

following circulatory arrest shows the following key

findings. First, 18 new studies were identified that

evaluated or described autoresuscitation events,

consisting of 14 case reports and four observational

studies. In the entirety of our reviews, seven

observational studies evaluating autoresuscitation were

published. Second, in the context of controlled WLSM

with or without DCD, a five-minute observation time was

sufficient for death determination by circulatory criteria

(moderate certainty). This evidence considers a large,

multicentred observational study of 631 patients with

continuous vital sign monitoring showing that the longest

time to any autoresuscitation event was four minutes and

20 sec. Finally, data in the context of pediatrics and

uncontrolled DCD remain limited, consisting largely of

case reports. Two observational studies have shown no

autoresuscitation events in a small sample of pediatric

participants (n = 12). One large observational study

evaluated autoresuscitation after unsuccessful CPR,
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suggesting that a five-minute observation time may be

insufficient for death determination in uncontrolled DCD

(low certainty).

Concerns regarding unassisted return of spontaneous

circulation after circulatory arrest, termed

autoresuscitation, initially emerged from reports in

patients with cardiac arrest where resuscitation was

unsuccessful and CPR was terminated. As organ donation

after controlled WLSM and DCD increased in clinical

practice, physiologic research on autoresuscitation was

imperative to ensuring that the ethical foundation of

deceased donation adhered to the dead donor rule.1 In

death determination by circulatory criteria, circulatory

arrest is considered permanent following an observation

period for unassisted return of spontaneous circulation.

This updated review confirms that autoresuscitation

research has grown in both quantity and quality. Several

observational studies have shown that, while

autoresuscitation does occur in the context of controlled

WLSM or DCD, it has not been observed beyond a five-

minute observation period following circulatory arrest. The

large multicentre study by Dhanani et al. reported that

among the 13 autoresuscitation events clinically described

by bedside observation in 631 patients, only five were

corroborated by invasive arterial blood pressure monitoring

waveform analysis.8 Retrospective waveform analysis also

showed resumption in circulatory activity in 14% of

participants, albeit using a conservative definition of at

least 5 mm Hg intra-arterial pulse pressure.8 A pilot study

by Dhanani et al. also identified four events of spontaneous

return of invasive arterial blood pressure waveform among

30 patients without any corresponding clinically observed

autoresuscitation events, though only one of these

waveforms resulted in a measurable blood pressure by

the monitoring device.41 This finding underscores the

importance of appropriate vital sign monitoring in death

determination by circulatory criteria. Further, it identifies

the potential bias in case reports reporting autoresuscitation

beyond a five-minute observation period in controlled

WLSM due to variability in observation and monitoring

techniques. Studies included in this systematic review also

reported that patients may have multiple transient

resumptions in circulation or pulsatile activity, but none

of these occurred outside of any subsequent five-minute

observation time. As a result, this updated systematic

review significantly impacts the clarity and certainty

regarding unassisted return of spontaneous circulation in

controlled DCD.

We did not identify any direct evidence pertaining to

autoresuscitation in uncontrolled DCD—an organ donation

Table 3 Risk of bias in included studies

Study

(year)

Selection of Cohort Outcome

Representativeness

of exposed cohort

(maximum: w)

Ascertainment

of exposure

(maximum: w)

Outcome of

interest not

present at

start of study

(maximum: w)

Assessment

of outcome

(maximum: w)

Length of

follow-up

(maximum: w)

Adequacy

of follow-up

of cohorts

(maximum: w)

Total

Score

Dhanani et al.

(2021)

w w w w w w 6

Koo et al.

(2019)

w w w w 4

Cook et al.

(2018)

w w w w 4

Kuisma et al.

(2017)

w w w w w w 6

Yong et al.

(2016)

w w w w 4

Dhanani et al.

(2014)

w w w w w w 6

Sheth et al.

(2012)

w w w w 4

Modified Newcastle-Ottawa Scale risk of bias assessment. All included studies were prospective or retrospective single cohorts; therefore, the

domains of the Newcastle-Ottawa Scale pertaining to ‘‘selection of the nonexposed cohort’’ and ‘‘comparability of cohorts’’ were not applicable
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practice which is still limited internationally.43

Nevertheless, this updated review identified several new

case reports and a large observation study evaluating

patients with terminated CPR following cardiac arrest.

While indirect, this context is comparable to uncontrolled

DCD. These studies showed that autoresuscitation may

occur after five minutes of observation following

terminated CPR, occurring up to 20 min after terminated

CPR in one case report.28 A large observational study

supported these case report observations though important

confounders were identified in the two autoresuscitation

events occurring beyond five minutes of observation,

leading to low certainty in the evidence.7 One patient

(autoresuscitation at six minutes) did not have the

ventilation bag disconnected from the endotracheal tube,

and another patient (autoresuscitation at eight minutes) had

continuation of norepinephrine infusion after CPR

cessation.7 From our previous systematic reviews,

evidence on autoresuscitation following terminated CPR

was limited to case reports only.2,3 Acknowledging

important variability in observation and vital sign

monitoring procedures, these case reports also showed

Table 4 Summary of findings and certainty of evidence assessment

Outcomes Certainty assessment

Risk of bias Inconsistency Indirectness Imprecision Publication bias Other factors

Controlled DCD

False positive* Not serious Not serious Not serious Not serious Not detected Strong association�

False negative� Not serious Not serious Not serious Not serious Not detected Strong association�

Uncontrolled DCD

False positive* Not serious Not serious Not serious§ Not serious Not detected None

False negative� Not serious Not serious Not serious§ Not serious Not detected None

Outcomes n Effect Certainty

Patients (studies)

Controlled DCD

False positive* 1,049 (6) Nineteen clinically reported and confirmed

autoresuscitation events among 1,037 adults with

circulatory arrest following WLSM. No

autoresuscitation events were reported in the 12

pediatric patients in these studies. In Dhanani

et al. 2021 (631), an additional 62

autoresuscitation events were reported based on

retrospective review of invasive arterial blood

pressure and ECG waveforms among 480 patients

who had complete data. All events occurred

within 5 minutes of circulatory arrest (maximum,

4 minutes 20 seconds). Studies including

controlled DCD patients (n = 420) reported 16

autoresuscitation events (maximum, 3 minutes).

Moderate

���s

False negative� Moderate

���s

Uncontrolled DCD

False positive* 840 (1) Five autoresuscitation events in 840 OHCA patients

with unsuccessful resuscitation, with an incidence

of 5.95/1,000 (95% CI, 2.1 to 14.3). Three events

occurred, one at 3 minutes after terminated

resuscitation, one at 6 minutes, and one at 8

minutes.

Low

��ss

False negative� Low

��ss

*Declaring someone dead who is not yet dead (i.e., resumption of spontaneous circulation after 5 minutes observation time).
�Missing someone who is dead (i.e., no resumption of spontaneous circulation prior to end of 5 minutes observation time).
�Upgraded given large series of representative patients allowing inference of a strong association.
§ Although study cohort was OHCA patients with unsuccessful resuscitation and did not include any uncontrolled DCD patients, indirectness was

not rated down because of minimal perceived differences between the two contexts.

DCD = organ donation after circulatory determination of death; ECG = electrocardiogram; OHCA = out-of-hospital cardiac arrest; WLSM =

withdrawal of life-sustaining measures
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that unassisted return of spontaneous circulation may be

observed after five minutes in this context.2,3 There is also

limited information allowing for comparison of

autoresuscitation outcomes with respect to cardiac rhythm

leading to cardiac arrest (i.e., ventricular

fibrillation/tachycardia versus asystole/pulseless electrical

activity). Therefore, an observation time longer than five

minutes may be needed for death determination by

circulatory criteria in uncontrolled DCD.

Pediatric DCD is still a growing practice as most

pediatric organ donors have death determination by

neurologic criteria.6 Evidence on autoresuscitation in

pediatric patients is limited to case reports and two

observational studies enrolling a total of 12 pediatric

patients following WLSM, including eight potential

pediatric DCD patients.26,31,40,41 Similarly, we did not

identify any studies pertaining to the neonatal population or

those with MAiD. These represent cohorts that may merit

further study to increase clarity and certainty in death

determination following circulatory arrest.

Strengths of this systematic review include its rigorous

methodology with a comprehensive and extensive

literature search, improving upon our previous reviews.

We conducted a comprehensive analysis of the highest

level of evidence across the entire published research to

date, including certainty in evidence assessments using the

GRADE framework. Given the ethical limitations

preventing a randomized controlled trial on this subject,

this review stands as the most comprehensive summary of

literature on autoresuscitation, including recently published

large observational studies. The main limitations of this

review include its risk of bias assessment, given the paucity

of risk of bias appraisal tools to evaluate studies of

outcomes associated with a specific exposure.44 In the

absence of a preferred appraisal tool for the observational

studies included in this review, the Newcastle-Ottawa

Scale was modified as a means to provide some assessment

of risk of bias. While this modification has been previously

reported,20,21 we acknowledge potential limitations.

Additionally, we excluded studies not published in

English or French for feasibility, recognizing that these

results may miss reports of autoresuscitation events

described in other languages.

Conclusion

The breadth of research evidence pertaining to

autoresuscitation after circulatory arrest has grown in

both quantity and quality, with several observational

studies including patients with WLSM, DCD, and failed

CPR. Given the importance placed on the timely

determination of death as an irreversible process, this

systematic review indicates that a five-minute observation

time is sufficient and necessary for death determination by

circulatory criteria in the context of controlled WLSM and

DCD in adults. For uncontrolled DCD, several case reports

and a large observational study suggest that a longer

observation time may be required to accurately determine

death by circulatory criteria. Data pertaining to pediatrics,

neonates, and MAiD are limited or absent and may merit

further study.
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