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Abstract

Purpose To synthesize the available evidence comparing

noninvasive methods of measuring the cessation of

circulation in patients who are potential organ donors

undergoing death determination by circulatory criteria

(DCC) with the current accepted standard of invasive

arterial blood pressure (IAP) monitoring.

Source We searched (from inception until 27 April 2021)

MEDLINE, Embase, Web of Science, and the Cochrane

Central Register of Controlled Trials. We screened

citations and manuscripts independently and in duplicate

for eligible studies that compared noninvasive

methodologies assessing circulation in patients who were

monitored around a period of cessation of circulation. We

performed risk of bias assessment, data abstraction, and

quality assessment using Grading of Recommendations,

Assessment, Development, and Evaluation in duplicate and

independently. We presented findings narratively.

Principal findings We included 21 eligible studies

(N = 1,177 patients). Meta-analysis was not possible

because of study heterogeneity. We identified low quality

evidence from four indirect studies (n = 89) showing pulse

palpation is less sensitive and specific than IAP (reported

sensitivity range, 0.76–0.90; specificity, 0.41–0.79).

Isoelectric electrocardiogram (ECG) had excellent

specificity for death (two studies; 0% [0/510]), but likely

increases the average time to death determination

(moderate quality evidence). We are uncertain whether

point-of-care ultrasound (POCUS) pulse check, cerebral

near-infrared spectroscopy (NIRS), or POCUS cardiac
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motion assessment are accurate tests for the determination

of circulatory cessation (very low-quality evidence).

Conclusion There is insufficient evidence that ECG,

POCUS pulse check, cerebral NIRS, or POCUS cardiac

motion assessment are superior or equivalent to IAP for

DCC in the setting of organ donation. Isoelectric ECG is

specific but can increase the time needed to determine

death. Point-of-care ultrasound techniques are emerging

therapies with promising initial data but are limited by

indirectness and imprecision.

Study registration PROSPERO (CRD42021258936); first

submitted 16 June 2021.

Résumé

Objectif Synthétiser les données probantes disponibles

comparant les méthodes non invasives de mesure de l’arrêt

de la circulation chez les patients qui sont des donneurs

d’organes potentiels soumis à une détermination du décès

selon des critères circulatoires (DCC) avec la norme

actuellement acceptée de surveillance invasive de la

tension artérielle (TA).

Sources Nous avons mené des recherches dans les bases

de données MEDLINE, EMBASE, Web of Science et le

registre Cochrane des essais contrôlés de leur création

jusqu’au 27 avril 2021. Nous avons examiné les citations et

les manuscrits de manière indépendante et en double pour

en tirer les études éligibles qui comparaient des

méthodologies non invasives d’évaluation de la

circulation chez les patients qui étaient sous surveillance

avant, pendant et après une période d’arrêt de la

circulation. Nous avons réalisé l’évaluation du risque de

biais, l’extraction des données et l’évaluation de la qualité

en nous fondant sur la méthodologie GRADE (Grading of

Recommendations, Assessment, Development, and

Evaluation) en double et de manière indépendante. Nous

présentons les résultats de façon narrative.

Constatations principales Nous avons inclus 21 études

éligibles (N = 1177 patients). Une méta-analyse n’a pas été

possible en raison de l’hétérogénéité des études. Nous

avons identifié des données de faible qualité issues de

quatre études indirectes (n = 89) montrant que la palpation

du pouls est moins sensible et spécifique que la mesure

invasive de la TA (plage de sensibilité rapportée, 0,76-

0,90; spécificité, 0,41-0,79). L’électrocardiogramme

(ECG) isoélectrique avait une excellente spécificité pour

le décès (deux études; 0 % [0/510]), mais augmente

probablement le délai moyen avant la détermination du

décès (données probantes de qualité modérée). Nous ne

savons pas si la vérification du pouls par échographie

ciblée (POCUS), la spectroscopie proche infrarouge

(SPIR) cérébrale ou l’évaluation ciblée (POCUS) des

mouvements cardiaques sont des examens précis pour la

détermination de l’arrêt circulatoire (données probantes

de très faible qualité).

Conclusion Il n’y a pas suffisamment de données

probantes pour affirmer que l’ECG, la vérification ciblée

du pouls, la SPIR cérébrale ou l’évaluation ciblée des

mouvements cardiaques sont supérieurs ou équivalents à la

mesure invasive de la TA pour un DCC dans le cadre du

don d’organes. L’ECG isoélectrique est spécifique, mais

peut augmenter le délai nécessaire avant de déterminer le

décès. Les techniques d’échographie ciblée sont des

thérapies émergentes avec des données initiales

prometteuses, mais elles sont limitées par leur caractère

indirect et l’imprécision de l’examen.

Enregistrement de l’étude PROSPERO

(CRD42021258936); soumis pour la première fois le 16

juin 2021.

Keywords circulation � death �
invasive arterial blood pressure monitoring �
organ donation � perfusion

Although transplantation remains an effective intervention

for many end-stage organ diseases, a significant limitation

is the scarcity of available donations. Death can be

determined using two types of criteria: death

determination by circulatory criteria (DCC) and death

determination by neurologic criteria (DNC). When

circulatory criteria are used to determine death, the

donation process is known as donation after circulatory

determination of death (DCD) and has also been referred to

as donation after circulatory death, donation after cardiac

death, or non-heart-beating organ donation. Donation after

circulatory determination of death can further be classified

as either uncontrolled or controlled.1 Uncontrolled DCD

refers to the process whereby organs are recovered from

those who die following an unexpected cardiac arrest with

unsuccessful resuscitation. Controlled DCD refers to cases

where organ donors die following planned withdrawal of

life-sustaining measures (WLSM) or medical assistance in

dying (MAID). Regardless, for a donation to ensue, there

must be adherence to the ‘‘dead donor’’ rule; the donor

must be dead before retrieval of their organs.2 For DCD,

death determination is based on the permanent cessation of

circulation. Since increased time can cause loss of a

donation opportunity or impact organ viability for

transplant, death determination for DCD must be done in

a timely fashion.

The criteria for determining death in DCD have been

established in guidelines.3–5 In both adult and pediatric

Canadian guidelines, the preferred method to confirm the

absence of blood pressure is invasive arterial blood
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pressure (IAP) monitoring.4,5 In the development of the

updated Canadian Clinical Practive Guideline for death

determination featured in this month’s Special Issue of the

Journal,6 it was recognized that in many situations IAP is

uncommon, such as DCD in children and patients donating

after MAID. Clinical studies outside of the context of DCD

have examined other monitoring methods to confirm the

absence of circulation using palpable pulse,

electrocardiograms (ECGs), ultrasound images of arterial

flow or cardiac motion, and regional tissue oximetry as less

invasive alternatives to IAP monitoring. Our specific

research question was, ‘‘In patients who are potential

organ donors undergoing DCC, can alternate noninvasive

means of measuring circulation versus IAP be used to

diagnose cessation of circulation?’’ The purpose of this

systematic review is to summarize the literature, as it

relates to DCD, of patients monitored around a period of

cessation of circulation, on the diagnostic accuracy of

noninvasive methods for measuring circulation compared

with the current gold standard (IAP monitoring).

Methods

The protocol for this systematic review was registered on

PROSPERO (CRD42021258936); first submitted 16 June

2021. This review was part of a larger project to establish

an updated clinical practice guideline for death

determination in collaboration with the Canadian Critical

Care Society, Canadian Medical Association, and the

Canadian Blood Services. This manuscript adhers to the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) for Diagnostic Test Accuracy

checklist and guidelines.7

Eligibility criteria

We included studies on patients who were monitored

around a period of cessation of circulation by comparing

methods to measure circulation. Our target population was

potential DCD donors (both controlled and uncontrolled),

but we did not restrict our search to this population. We

included all ages of participants and types of settings. We

included studies on extracorporeal support if they

compared methods that assess for the presence or

absence of a pulse.

The intervention of interest was any noninvasive method

for the measurement of circulation and could include any

combination of palpable pulse, electrocardiogram,

ultrasonography, or other techniques.

Our reference standard of interest was IAP monitoring,

but we included any reference test that measured

circulation. We were intentionally broad with our

inclusion criteria given the anticipated paucity of

research in this area, coupled with our desire to include

data using other reference tests to provide evolving

evidence that may inform future research.

We excluded animal studies. We accepted all study

designs, except for commentaries, editorials, and ethical

analyses. Studies had to compare methodologies for

determining circulation, so studies predicting future

return of spontaneous circulation (ROSC) were excluded.

Although Sarti et al.8 focused on a period of

hypotension and not cessation of circulation, we included

this study to provide valuable specificity data in pediatrics

that also used the target reference standard, IAP

monitoring.

Information sources

We searched MEDLINE, Embase, Web of Science, and the

Cochrane Central Register of Controlled Trials from

inception to 27 April 2021. The latest search was

completed on 27 April 2021.

Search strategy

We developed the search strategy with an information

specialist (R. F.) in consultation with content experts, and

this strategy was then peer-reviewed by a second

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

using the 2020 Cochrane protocol peer review assessment

form (available at community.cochrane.org). Keywords

and related terms such as ‘‘heart arrest,’’ ‘‘measurement,’’

and ‘‘blood pressure’’ were used. The full search strategy

can be found in the Electronic Supplementary Material

[ESM], eAppendices 1–4. We restricted our inclusion to

articles in English or French.

Selection process

Retrieved citations were imported into EndNoteTM X9

(ClarivateTM, London, UK) for reference management and

duplicates were removed automatically. Titles and

abstracts were screened independently and in duplicate

using a standardized study eligibility form through

InsightScope (https://insightscope.ca/), a crowdsourcing

platform for reviews, using predetermined selection crite-

ria. Prospective reviewers from the platform must have

obtained a total sensitivity of 0.8 after screening a set of

100 test citations. Disagreements between reviewers were

resolved through discussion and a third reviewer if neces-

sary. The same procedure was followed for full-text

screening. See ESM eAppendices 5 and 6.
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Data collection and items

Reviewers (J. A. K., A.-V. N., L. H.) abstracted relevant

study details onto a form (Microsoft Excel, Microsoft

Corporation, Redmond, WA, USA) independently and in

duplicate. We abstracted data including study design,

inclusion and exclusion criteria, recruitment period,

outcomes, details on the index, and reference test (e.g.,

definitions of circulation, thresholds). Any statistical

comparisons between measurement methods were

recorded for each study (e.g., sensitivity, specificity). We

calculated sensitivity and/or specificity if not reported by

the authors and there were sufficient data to do so. The data

abstraction items can be found in ESM eAppendices 7–28.

Our target condition was absence of circulation.

Throughout this review, sensitivity was defined as the

proportion of patients with absence of circulation that were

correctly identified as not having circulation; taken in the

death determination context, determining someone dead

who is dead. Specificity was defined as the proportion of

patients with present circulation that were correctly

identified as having circulation; taken in the death

determination context, determining someone alive who is

alive.

Risk of bias assessment

The risk of bias was assessed independently in duplicate

for our study question specifically using the Quality

Assessment of Diagnostic Accuracy Studies (QUADAS-2)

tool.9 We reviewed four domains: 1) patient selection;

2) index tests; 3) reference standard; and 4) flow and

timing. Conflicts were resolved through discussion and, if

needed, a third assessor. QUADAS-2 was a post hoc choice

to be specific to diagnostic accuracy studies.

Synthesis methods

Meta-analysis was not possible because of heterogeneity in

study design, index and reference tests, statistical analysis,

and outcomes. We summarized with descriptive synthesis.

Data on our population of interest (potential DCD donors,

including patients undergoing withdrawal of life-sustaining

measures [WLST]) were considered direct evidence while

data on other populations (e.g., cardiopulmonary bypass)

were considered indirect evidence.

Certainty assessment and reporting bias assessment

We assessed quality in the same aggregate body of

evidence using the Grading of Recommendations

Assessment, Development and Evaluation (GRADE)

framework, which classifies quality as very low, low,

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

inconsistency, indirectness, imprecision, and publication

bias.10 Publication bias was assessed in accordance with

the GRADE recommendations.

Our study team deemed false positives (determining

someone dead who is alive) a critical outcome because this

would violate the dead donor rule. A test with perfect

specificity (for pulselessness) will never classify an alive

person as dead; therefore, a very highly specific test is

critical to protect the dead donor rule.

Our study team deemed false negatives (determining

someone alive who is dead) an important outcome. A

highly sensitive test (for pulselessness) will almost never

classify a dead person as alive; therefore, a highly sensitive

test minimizes diagnostic delays that can compromise a

donation opportunity or reduce organ viability for

transplant.

Results

Study selection and characteristics

The study selection process is shown in the Figure. Our

search identified 5,122 unique citations, 227 of which were

reviewed in full text. We included 21 studies (N = 1,177

patients). Of these studies, ten addressed the target question

with IAP as reference (10/21, 47%) in either a potential

donation or WLST population (3/21, 14%), or in another

population (7/21, 33%). Most studies were European (9/21,

43%), small (18/21, 86% under 50 patients), and

prospective cohort designs (12/21, 57%) (Table 1). We

found no studies that were designed to directly compare

different devices with IAP monitoring for death

determination in potential DCD donors. We found five

studies related to the use of noninvasive modalities in a

pediatric population, and no studies specific to death

determination for uncontrolled DCD or DCD following

MAID.

Risk of bias and quality of the evidence

The risk of bias for individual studies is summarized in

Table 2. Each index test category is described narratively

below, and the quality of the evidence for each modality is

summarized in Table 3. Diagnostic accuracy measures are

summarized in Table 4.

Palpable pulse

No studies directly addressed the diagnostic accuracy of

palpable pulse in the population of interest. Five
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prospective studies provided indirect evidence on the

accuracy of palpable pulse: three in pediatric patients on

extracorporeal life support (ECLS) or during surgery, and

two in adult patients during cardiac bypass or cardiac arrest

and cardiopulmonary resuscitation (CPR).8,11–14

INVASIVE ARTERIAL BLOOD PRESSURE REFERENCE TEST

One randomized controlled trial (RCT) (Dick et al. 2000,

n = 206 ambulance personnel and lay people, n = 16

patients) assessed pulse during hypotension or

pulselessness of adult patients on cardiopulmonary

bypass during cardiac surgery.11 In patients with activity

during IAP monitoring, 45% (66/147) of participants did

not clinically detect a carotid pulse. Fully trained medical

personnel (n = 9) showed a specificity of 89% for the

manual diagnoses of pulselessness. Two observational

studies in pediatrics assessed pulse detection on ECLS in

the intensive care unit (ICU) (total n = 348 medical

personnel, 33 patients).12,13 Sensitivity for pulselessness

was 76–86% and specificity was 64–79%. One study by

Sarti et al. focused on infants and showed that only

41–65% of physicians or nurses detected a pulse by ten

seconds as present during IAP monitoring (n = 4 medical

personnel, 40 infants undergoing surgery).8 The femoral

site was superior to carotid or brachial sites and there was

no difference in detection with hypotension.

ALTERNATIVE REFERENCE TEST

Zengin et al. reported that, in patients with ‘‘present

circulation’’ on cardiac ultrasound (defined as cardiac

kinetic activity), a pulse could be detected in ten seconds

for 0% (none) after the first minute of CPR, 72% after

15 min, and 100% at the end of CPR (n = 137 cardiac arrest

adult patients).14

Point-of-care ultrasound pulse check

No studies directly addressed the diagnostic accuracy of

point-of-care ultrasound (POCUS) pulse check in the

population of interest. One RCT, one prospective study,

Figure Study selection shown through the PRISMA flow diagram
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and two case series provided indirect evidence in the

cardiac arrest with CPR or cardiac bypass population.14–18

No studies examined children.

INVASIVE ARTERIAL BLOOD PRESSURE REFERENCE TEST

One pilot RCT (Germanoska et al. 2018, n = 3 physicians,

20 patients) assessed the physician’s ability to identify

pulsatile flow in recorded ultrasound videos of the carotid

artery of adults undergoing cardiopulmonary bypass

compared with IAP monitoring.15 The median

[interquartile range (IQR)] delay of ultrasound detection

was 245–40 sec for two-dimensional (2D) visual assessment

without doppler and 52–17 sec for colour doppler. In this

study, colour doppler ultrasound detected pulse faster and

at a lower mean arterial pressure (MAP) than 2D

assessment did, but was not as reliable as 2D

assessment.15 Sanchez et al. examined the accuracy of

2D ultrasound of the carotid artery using

portable ultrasound in adults undergoing cardiopulmonary

bypass compared with IAP monitoring (n = 46 physicians,

23 patients).16 With a ten-second assessment time,

sensitivity for pulselessness was 90% (95% confidence

interval [CI], 86 to 93) and specificity was 91% (95% CI,

89 to 93). Pulse detection was higher in the high-systolic

blood pressure (SBP) group (median SBP, 120 mm Hg).

Table 1 Characteristics of included studies

Study characteristics

N = 21 studies

Age (yr), study mean or median Publication date

0–18 4/21 (19%) Inception to 2005 4/21 (19%)

19–40 0/21 (0%) 2005–2021 17/21 (81%)

41–60 5/21 (24%)

61–80 10/21 (47%)

81? 1/21 (5%)

NR 1/21 (5%)

Region Patient sample size

Europe 9/21 (43%) B 50 18/21 (85%)

North America 7/21 (33%) 51–100 0/21 (0%)

Australia and New Zealand 4/21 (19%) 101–299 2/21 (10%)

Multiple regions 1/21 (5%) C 300 1/21 (5%)

Index test Reference test

Cerebral NIRS 7/21 (33%) Invasive arterial blood pressure monitoring 10/21 (47%)

Ultrasound pulse (Doppler, 2D) 5/21 (24%) Palpable pulse 3/21 (14%)

Palpable pulse 5/21 (19%) Clinical death exam 3/21 (14%)

Electrocardiogram 3/21 (14%) Circulatory arresta 3/21 (14%)

Ultrasound cardiac motion 2/21c (10%) Cessation of cerebral blood flowb 1/21 (5%)

CNAP 1/21 (5%) Ultrasound cardiac motion 1/21c (5%)

Patient characteristics Design

Intraoperative 8/21 (38%) Prospective cohort 12/21 (56%)

CPR 4/21 (19%) Case study/series 4/21 (19%)

Withdrawal of life support 3/21 (14%) Case control 2/21 (10%)

Circulatory death 3/21 (14%) Randomized control trial 2/21 (10%)

Extracorporeal life support 2/21 (10%) Retrospective cohort 1/21 (5%)

Brain-dead patients 1/21 (5%)

Values are n/total N (%)
a Two studies used a period of induced ventricular fibrillation or ventricular tachycardia
b Defined as a heart rate of less than 20 bpm and a variable blood pressure threshold
c Zengin et al.14 reported cardiac motion as a reference test, listed in this table as both an index and reference test

2D = two-dimensional; CNAP = continuous noninvasive arterial blood pressure; CPR = cardiopulmonary resuscitation; NIRS = near-infrared

spectroscopy; NR = not reported; VF = ventricular fibrillation
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Both studies used ‘‘arterial wave’’ as the reference standard

and did not specify a minimum pulse pressure.

ALTERNATIVE REFERENCE TEST

One observational study and two case series compared 2D

or Doppler POCUS of arteries to palpable pulse but did not

compare arterial waveforms.14,17,18

Isoelectric electrocardiogram

We identified direct evidence on our population of interest

from two observational studies assessing ECG following

WLST19,20 and indirect evidence from one retrospective

study on cardiac death in the ICU.21

INVASIVE ARTERIAL BLOOD PRESSURE REFERENCE TEST

Dhanani et al. conducted a large international

observational study of 631 adults (n = 480 with

waveform analysis) dying in the ICU after WLSM.20

One-third of the patient population was DCD eligible

(32%, 205/631). An isoelectric ECG, when compared with

an invasive arterial pulse pressure of at least 5 mm Hg,

occurred before the last pulse in 0% of patients (0/480),

simultaneously or within two sec in 19% (93/480), and

after more than 30 min in 7% (33/480). The median time

from the final pulse to the final QRS complex was

3 min 37 sec (range, 0 sec–83 min 28 sec). A smaller

previous study (Dhanani et al. 2014, n = 30, 26 adults and

four children) similarly showed that isoelectric ECG

always occurred simultaneously or after cessation of

pulse pressure during IAP monitoring.19 In 10% of cases,

isoelectric ECG did not occur until up to 30 min after

cessation of pulse pressure (3/30, one adult and two

children). The four children in this study had an isoelectric

ECG that followed the last pulse by 0 sec (simultaneous),

11 min 11 sec, 27 min 42 sec, and 36 min 29 sec.

ALTERNATIVE REFERENCE TEST

Comparably to the two Dhanani et al. studies,19,20 a

retrospective study reported that the last QRS complex in

the ECG occurred simultaneously or after ‘‘cessation of

cerebral blood flow’’ as defined by study authors (Matory

et al., n = 19, cardiac death in a neurologic ICU).21

Point-of-care ultrasound cardiac motion assessment

No studies directly addressed the diagnostic accuracy of

POCUS cardiac motion in the population of interest, and no

studies compared this with IAP. We identified indirect

evidence from two observational studies on POCUS

Table 2 Risk of bias assessment using the QUADAS-2 tool

Risk of bias

Pa
tie

nt
 se

le
ct

io
n

In
de

x 
te

st

R
ef

er
en

ce
 st

an
da

rd

Fl
ow

 a
nd

 ti
m

in
g

Blaivas 2008 O Xa Xa O
Caccioppola et al. 2018 Xe ? O O
de Vries et al. 1997 O ? O O
Dhanani et al. 2014 O ? ? O
Dhanani et al. 2021 O ? ? O
Dick et al. 2000 ? O O O
Genbrugge et al. 2017 Xb ? ? O
Germanoska et al. 2018 ? O O O
Matory et al. 2021 O O ? O
McNeill et al. 2005 ? ? ? O
Menke et al. 2014 ? ? ? ?
Sanchez et al. 2020 Xb O ? ?
Sarti et al. 2006 ? O O Xc

Schonberger et al. 2014 Xd Xd Xd Xd

Schramm et al. 2013 ? ? ? O
Schwarz et al. 1996 Xe Xe O ?
Simard et al. 2019 Xf Xf Xf ?
Slavin et al. 1994 Xb ? ? ?
Tibballs et al. 2009 ? O O ?
Tibballs et al. 2010 ? O O ?
Zengin et al. 2018 O O Xg ?

Legend: O (green) = low; ? (yellow) = unclear; X (red) = high risk of

bias.

Unclear risk of bias (?) is due to insufficient details within the

publication to complete the QUADAS-2 tool for that domain.

High risk of bias is justified below
a Index test not reported as blinded to reference test. Pulse palpation is

used as reference test without invasive arterial blood pressure

monitoring
b Convenience sample used
c Not all patients in the analysis. Excluded if they became

hemodynamically unstable
d Case series. Unblinded and no standardization of test procedures.

The time duration for tests were not standardized and tests were

repeated if results were discrepant. Reference test was palpable pulse.
e Case-control study, unblinded
f Convenience sample, unblinded. Palpable pulse was the reference

test without invasive arterial blood pressure monitoring.
g Cardiac ultrasound was used as the reference test in statistical

analysis without invasive arterial blood pressure monitoring.

QUADAS-2 = Quality Assessment of Diagnostic Accuracy Studies-2
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cardiac motion assessment in cardiac arrest patients

(Zengin et al.,14 n = 137 and Blaivas,22 n = 226). The

authors did not report sensitivity or specificity.14,22 Cardiac

wall motion was recorded as either present or absent

(binary). We did not identify any eligible studies on other

POCUS cardiac features, such as aortic valve opening. In

one study, cardiac ultrasound itself was used as the

reference standard for palpable pulse without comparison

with IAP monitoring, so the diagnostic accuracy of cardiac

ultrasound data were not available (Zengin et al.).14 The

authors concluded that cardiac ultrasound may be more

accurate than pulse palpation and Doppler POCUS pulse.

Blaivas also found a significant discrepancy between

palpation and cardiac ultrasound, with no palpable pulse

in 47% of cardiac ultrasound assessments that were ‘‘felt to

likely generate a detectable blood pressure.’’22

Cerebral near-infrared spectroscopy

We identified direct evidence on our population of interest

from a pilot study on cerebral near-infrared spectroscopy

(NIRS) (n = 6, Genbrugge et al.).23 Indirect evidence is

from one reported case (n = 1, Slavin et al.),24 two case-

control studies,25,26 two observational studies during

defibrillator implantation,27,28 and one pediatric study.29

No measures of diagnostic accuracy were reported and no

threshold for NIRS was suggested.

INVASIVE ARTERIAL BLOOD PRESSURE REFERENCE TEST

Genbrugge et al. compared regional cerebral oxygen

saturation (rSO2) using NIRS to IAP in adults dying after

WLSM (n = 6).23 Although rSO2 and MAP were positively

correlated, there was a broad range of rSO2 values at death,

defined as asystole (median [IQR] rSO2, 33%7–40).

ALTERNATIVE REFERENCE TEST

One case-control study compared the cerebral oximetry of

adults with cardiac death to healthy volunteers (Schwarz

et al., n = 18 cases, 15 controls).25 Although the mean

(standard deviation) values were significantly different

(cases, 51.0% [26.8] vs controls, 68.4% [5.2]; P = 0.029),

6/18 (33%) of the dead adults had rSO2 values within a

healthy range (rSO2 C 60%). The second case-control

study assessed ultrasound-tagged NIRS detection of

cerebral blood flow and found false positive flow

detection in all 11 of the brain-dead patients confirmed to

have no flow on ancillary neuroimaging (Caccioppola

et al., n = 20 healthy and n = 20 brain-dead patients).26

Menke et al. analyzed a subgroup of four children with

Table 4 Sensitivity and specificity of noninvasive tests compared with invasive arterial blood pressure monitoring for the diagnosis of cessation

of circulation

Index test Population Sensitivitya Specificityb

Palpable pulse Cardiac bypass11

Intraoperative8

ECLS12,13

90%11

86%12

76%13

55%11

41–65%c,8

64%12

79%13

POCUS pulse check: Doppler Cardiac bypass15 NA 100%d,15

POCUS pulse check: 2D Cardiac bypass15,16 90%16 100%d,15

91%16

ECG WLST in ICU19,20 NA 100%d,19

100%d,20

POCUS cardiac motion assessment No available measure of diagnostic accuracy

compared with invasive arterial blood pressure monitoringCerebral NIRS

a Our target condition is absence of circulation. Sensitivity was defined as the proportion of patients with absence of circulation that were

correctly identified as not having circulation; in other words, taken in the death determination context, correctly determining someone dead who

is dead. A highly sensitive test has low false negatives (determining someone alive who is dead) and can reduce delays in death determination
b Specificity was defined as the proportion of patients with circulation that were correctly identified as having circulation; in other words, taken in

the death determination context, correctly determining someone alive who is alive. A very highly specific test will have very low false positives

(determining someone dead who is alive) and is critical to protect the dead donor rule
c Specificity varied by the site of pulse check
d Calculated by our study team. All cases of present pulse were identified as true negative by index test

2D = two-dimensional; ECG = electrocardiogram; ECLS = extracorporeal life support; ICU = intensive care unit; NA = not available; NIRS =

near-infrared spectroscopy; POCUS = point-of-care ultrasound; WLST = withdrawal of life-sustaining therapy
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hypothermic circulatory arrest during cardiac surgery and

identified variability in the initial NIRS (54–69%), the

decay (t1/2 = 5.2–9.0 min) and the nadir (51–59%) (n = 4,

Menke et al.).29 Cerebral perfusion pressure correlated

positively with rSO2 in the multivariable model (P\0.01),

but MAP and pulse pressure were not directly compared.29

In two observational studies on cardiac arrest in adults

undergoing defibrillator implantation, rSO2 values

decreased during functional cardiac arrest with induced

ventricular fibrillation and/or ventricular tachycardia

(n = 13, de Vries et al.27 and n = 11, McNeill et al.28).

Continuous noninvasive arterial blood pressure

We identified one prospective cohort study on adults

during aortic valve implantation that compared continuous

non-IAP (CNAP) with IAP monitoring (n = 33 patients).30

This device was composed of encircling finger cuffs and

used the volume clamp method to create a continuous

pressure waveform. There was mean blood pressure

agreement within 15 mm Hg for 82.2% of the time

(95% CI, 81.9 to 82.4). During rapid pacing with severe

hypotension and recovery, there was no substantial

difference in time to detection of hypotension or recovery.

Discussion

In this systematic review on diagnostic test accuracy for

cessation of circulation during death determination, we

identified 21 studies evaluating six different noninvasive

index tests (palpable pulse, POCUS pulse check, ECG,

POCUS cardiac motion assessment, cerebral NIRS, and

CNAP) with very low to moderate quality of evidence. Ten

studies addressed the target question with IAP monitoring

as reference (10/21, 47%). Our findings show insufficient

evidence to support the use of any other diagnostic method

as equivalent or superior to IAP monitoring for the

determination of death in potential DCD donors.

Isoelectric ECG had zero false positive events

(determining someone dead who is not), but likely delays

the time to death determination. For the purpose of DCD,

ECG may be appropriate to use in specific contexts such as

pediatric DCD and DCD following MAID. Point-of-care

ultrasound assessment of pulse and cardiac motion are

emerging therapies, but the body of evidence is currently

limited by indirectness and imprecision. Although the

evidence is limited, there are data suggesting that palpable

pulse and NIRS should not be used for DCC (low and very

low quality) in potential DCD donors. We found limited or

no evidence for specific subgroups (children, MAID,

uncontrolled DCD).

The last Canadian adult DCD guideline published in

2006 states that IAP monitoring is the ‘‘preferred method to

confirm the absence of blood pressure.’’4 Subsequently,

Canadian pediatric guidelines in 2017 also recommended

the use of IAP monitoring for DCC.5 European

recommendations for uncontrolled DCD have suggested

determining death using ECG or alternatively,

echocardiography or IAP ‘‘in case of electro-mechanical

dissociation.’’31 In some countries’ guidelines, the method

is not defined, or they state that any of the three previously

mentioned techniques can be used.1 This review is driven

by consideration of the potential negative impacts of the

use of IAP monitoring in the context of DCD; it is invasive,

may be technically challenging to obtain, especially in

pediatrics, and requires trained personnel as well as a

hospital setting to insert and monitor. There are

certain situations, such as MAID, where the patient may

choose environments without invasive monitoring to die or

may be able to make an informed decision preferring

alternative methods.

Pulse palpation requires no additional equipment, but

had unacceptably low specificity in all studies (four

studies; range, 0.41–0.79; low quality evidence).8,11–13

Diagnostic tests with low specificity would have higher

false positives (determining someone dead who is alive),

which we deemed a critical outcome as this could violate

the dead donor rule. In contrast to pulse palpation, evidence

for the use of isoelectric ECG included more robust,

multicentre prospective studies and zero false positives

(0%, 0/510 patients, two studies).19,20 There was a strong

and consistent association that, although the specificity was

excellent, the use of isoelectric ECG delays the time to

death determination. The median time for this delay in the

largest (n = 480) included study was 3 min 37 sec (range,

0 sec–83 min 28 sec).20 A longer warm ischemia time may

come at the cost of graft function if isoelectric ECG is

used.32 Nevertheless, the priority to avoid false positives

(determining someone dead who is alive) outweighs the

impact on warm ischemia times. The two ECG studies

were in the setting of WLSM. The duration between loss of

pulsatile pressure and an isoelectric ECG in MAID may be

shorter than seen in WLSM associated with medication

administration for MAID (such as bupivacaine or

potassium chloride). Indeed, warm ischemia times for

MAID are reported to be shorter compared with

conventional DCD donors.33–35 Medical assistance in

dying patients may be a population in which the use of

ECG is a suitable alternative given patient preference for

noninvasive monitoring if the method of MAID includes

medication causing rapid electrocardiographic arrest.

Besides MAID, situations may occur with neonates and

pediatric patients where IAP may not be present. Invasive

arterial blood pressure monitoring in children may be more
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technically challenging given smaller patient sizes and high

rates of arterial line malfunction.36 As pediatric guidelines

evolve, there is a balance in allowing some flexibility in

monitoring while still ensuring safeguards. Family

members have described the lost opportunity of DCD as

‘‘a waste of precious life-giving organs and hospital

resources.’’37 In pediatrics, use of ECG may be an

appropriate alternative where IAP monitoring is not

technically feasible.

Point-of-care ultrasound has become a common part of

many clinical assessments. Nevertheless, the results of our

study suggest that its use cannot be recommended given

that data are limited because IAP monitoring was not

included as a reference, event numbers were small, studies

were on a cardiac bypass or cardiac arrest population, and/

or videos were only reviewed and not also acquired in real-

time. There was imprecision due to a low number of

events. Point-of-care ultrasound techniques also have real-

world challenges such as the requirement for training,

maintenance of competence, need for standards for

interpretation, and time demands on these trained

individuals. There is a larger body of evidence assessing

POCUS techniques for the prediction of ROSC and

survival.38,39 Tsou et al. meta-analyzed 15 studies and

reported that spontaneous cardiac movement had a pooled

sensitivity of 0.95 (95% CI, 0.72 to 0.99) and specificity of

0.80 (95% CI, 0.63 to 0.91) in predicting ROSC during

cardiac arrest, with a positive likelihood ratio of 4.8 (95%

CI, 2.5 to 9.4) and a negative likelihood ratio of 0.06 (95%

CI, 0.01 to 0.39).39 These studies on ROSC predict a future

event and have limited application to the question on real-

time cessation of circulation.

Death determination by circulatory criteria and DNC are

aligned towards a single brain-based definition of death,

recognizing a common biomedical pathway of death.40–42

In our review, we assessed evidence on cerebral NIRS as a

potential noninvasive modality for DCC. Although a

correlation was identified between NIRS and blood

pressure, there was a concerning overlap between

baseline saturation and saturation either during cessation

of circulation or in patients already determined dead by

cardiac criteria.23–25,27–29 Given this, NIRS likely has poor

discrimination for DCC (three studies, n = 30 patients, very

low-quality evidence).

Our study is strengthened by the comprehensive search

strategy and an a priori protocol. We assessed the studies’

risk of bias using a standardized tool and performed the

quality of evidence assessment using GRADE

methodology. Nevertheless, there are several important

limitations. First, none of the studies included were

specifically designed to compare noninvasive methods

with IAP monitoring in the context of DCD. Second, the

landscape of research we found generally consisted of

small, observational studies, often further limited by a

case-control or unblinded design. Third, only half of the

included studies used IAP monitoring as the reference

standard (10/21, 47%), and few defined what their

threshold for pulse pressure was. Fourth, only 14% (3/21)

of the studies included potential DCD candidates or

WLST; no studies included potential MAID or

uncontrolled DCD candidates. Finally, our search had

language restrictions. Future research should continue to

assess POCUS methods, compare IAP monitoring and

ECG in subgroups of uncontrolled DCD and MAID,

increase representation of pediatric patients, assess the

success and complication rates of IAP monitoring, assess

the effect of arterial cathether location (e.g., central vs

peripheral), and explore other creative noninvasive options

such as CNAP.

Conclusion

There is insufficient evidence to support the use of a

noninvasive method as equivalent or superior to IAP for

DCC in potential DCD donors. Isoelectric ECG is specific

but can increase the time to determine death (moderate

quality evidence). Electrocardiography may be appropriate

in specific contexts of DCD when IAP monitoring is not

possible, such as MAID and pediatric DCD. This

systematic review process was part of a larger project

and helped inform the updated 2023 ‘‘Canadian Clinical

Practice Guideline for a brain-based definition of death and

criteria for its determination after arrest of circulation or

neurologic function’’ in this Special Issue of the Journal.6
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