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Abstract
Introduction: We evaluated the concordance of the Neurological pupil Index (NPi) with other predictors of outcome after cardiac arrest (CA).

Methods: Post hoc analysis of a prospective, international, multicenter study including adult CA patients. Predictors of unfavorable outcome (UO,

Cerebral Performance Category of 3–5 at 3 months) included: a) worst NPi � 2; b) presence of discontinuous encephalography (EEG) background;

c) bilateral absence of N20 waves on somatosensory evoked potentials (N20ABS); d) peak neuron-specific enolase (NSE) blood levels > 60 mcg/L; e)

myoclonus, which were all tested in a subset of patients who underwent complete multimodal assessment (MMM).

Results: A total of 269/456 (59 %) patients had UO and 186 (41 %) underwent MMM. The presence of myoclonus was assessed in all patients, EEG

in 358 (78 %), N20 in 186 (41 %) and NSE measurement in 228 (50 %). Patients with discontinuous EEG, N20ABS or high NSE had a higher pro-

portion of worst NPi � 2. The accuracy for NPi to predict a discontinuous EEG, N20ABS, high NSE and the presence of myoclonus was moderate.

Concordance with NPi � 2 was high for NSE, and moderate for discontinuous EEG and N20ABS. Also, the higher the number of concordant predic-

tors of poor outcome, the lower the observed NPi.

Conclusions: In this study, NPi � 2 had moderate to high concordance with other unfavorable outcome prognosticators of hypoxic-ischemic brain

injury. This indicates that NPi measurement could be considered as a valid tool for coma prognostication after cardiac arrest.
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Introduction

Prognostication of neurological outcomes in comatose cardiac arrest

(CA) patients plays a pivotal role, to minimize improper therapies in

patients with irreversible brain injury, improving the quality of care in

patients with a good chance of survival and the communication with

the relatives to avoid false expectations.1 The 2021 European

Resuscitation Council (ERC)/ European Society of Intensive Care

Medicine (ESICM) guidelines for post-resuscitation care2 suggested

a multimodal prognostic algorithm in this setting. According to this

algorithm, an unfavorable neurological outcome is likely in the pres-

ence of two or more of the following: a) highly malignant patterns at
electroencephalography (EEG); b) neuron-specific enolase

(NSE) > 60 mcg/L at 48–72 hours from the return of spontaneous cir-

culation (ROSC); c) bilateral absence of cortical response of short-

latency somatosensory evoked potentials (SSEPs) at more than 24

hours from ROSC; d) presence of status myoclonus � 72 hours from

ROSC; e) extensive hypoxic-ischemic brain injury on brain imaging;

f) bilateral absence of pupillary and corneal reflex at � 72 hours from

ROSC. The assessment of pupillary reactivity with automated pupil-

lometry (AP) may improve outcome prediction and reduce the bias of

standard manual evaluation.3 In a multicenter study,3 which aimed to

compare prognostic performance of standard vs quantitative assess-

ment of PLR, a neurological pupil index (NPi) � 2 at 24–72 h from
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ROSC had 100 % specificity and 32 % sensitivity for unfavorable out-

come in this setting.

Compared to the 2015 guidelines, the updated 2021 guidelines

introduced the principle of concordance among test results. In case

of discordance between those tests, a prognostic reassessment is

recommended to avoid misclassification and false-positive predic-

tions. As available tools evaluate different cerebral areas and path-

ways with variable sensitivity to the anoxic injury, more analyses

on concordance among different predictors are necessary. In this

setting, no data evaluating NPi with other recommended prognostic

factors are available.

The aim of this study was therefore to assess the concordance of

NPi with other prognostication tools in unconscious patients suffering

from post-anoxic brain injury.

Methods

Study design

This is a post hoc analysis of a prospective, multicentric international

prognostic study involving 10 European intensive care units and

enrolling 456 comatose patients following CA.3 The different centers

were selected, through the ESICM Neuro-Intensive Care Section,

based on their experience with neuro-prognostication of CA patients.

The study protocol was approved by the Ethics Committee of each

institution, and informed consent to participate in the study was

obtained from the patients’ next of kin or their legal tutors, following

local ethical recommendations. The accuracy of the data collected

was monitored by the various researchers. The design and method-

ology of the study are in accordance with the STARD guidelines

regarding the diagnostic accuracy of the reported data4 and the

Standards for Studies of Neurological Prognostication in Comatose

Survivors of Cardiac Arrest issued by the American Heart

Association.5

Patients

Patients were unconscious (Glasgow Coma Score � 6) adults

(>18 years) who were admitted to an Intensive Care Unit from Jan-

uary 2015 to March 2017, following resuscitation from cardiac arrest

from all rhythms. Patients were treated according to the 2015 ERC/

ESICM guidelines for post-resuscitation care, including targeted tem-

perature management (TTM, i.e., 33� or 36� C, according to local

practices), sedation (midazolam or propofol) and analgesia (mor-

phine, fentanyl and remifentanil).

Demographic and clinical variables

Demographic and clinical variables included age, gender, initial

arrest rhythm [categorized as shockable (ventricular fibrillation or

pulseless ventricular tachycardia) or non-shockable (asystole or

pulseless electrical activity, PEA)], time to ROSC, the dose of nora-

drenaline on admission, body temperature on admission, tempera-

ture target for TTM (categorized in TTM 33 �C or TTM 36 �C),
duration of TTM and administration of sedatives, analgesics, and

noradrenaline.

Intervention

Quantitative pupillometry was performed using the NPI-200 pupil-

lometer (Neuroptics Inc, Irvine, CA, USA). The pupillometer uses

an infrared camera and through calibrated light stimulations of fixed

intensity (1000 Lux) and fixed duration (3.2 s) ensures fast and accu-
rate measurement of pupil diameter and sampling of other dynamic

variables of the pupils. The instrument-specific algorithm is based

on diameter, constriction and latency percentage, constriction rate

and pupil dilation rate. As such, the NPi is provided, using a scale

from 0 to 5, combining the results from the above variables and those

collected in healthy individuals, through an algorithm developed by

the company. The pupillometry data were acquired on each eye from

admission to day 3 after the CA; an NPi � 2 occurring anytime

between day 1 to day 3 was identified as the best cut-off to predict

UO with a specificity of 100 %.3

The ICU doctors or nurses who used the pupillometer were not

directly involved in patient care and those who verified the outcome

were blinded to quantitative pupillometry data. Decisions on treat-

ment intensity and withdrawal of life-sustaining therapies (WLST)

were based on local prognosis algorithms used in this category of

patients and did not include pupillometry data.

Neurological monitoring and assessment

Neurological monitoring was instituted according to local protocols

and not standardized in participating centers. For EEG monitoring,

it was requested whether a “discontinuous” EEG background (i.e.,

less than 50 % of the monitored time with a suppressed background)

was present, regardless of the use of an intermittent or continuous

recording. The highest NSE value within the first 72 hours after arrest

was also recorded. If SSEPs were performed, the bilateral absence

of N20 waves (N20ABS) within 48–72 hours from arrest was

recorded. The presence of myoclonus, regardless if subtle presenta-

tion or status myoclonus, was recorded daily within the first 72 hours

from arrest.

Neurological outcome was assessed 3 months after the arrest,

using the Cerebral Performance Categories (CPC).6 A favorable out-

come (FO) was defined as CPC 1 (=full recovery) or 2 (=moderate

disability, return to home). An unfavorable outcome (UO) was

defined as CPC 3 (=severe disability, at the rehabilitation facility),

4 (=vegetative state) or 5 (=death).

Study endpoints

The primary aim of this analysis was to assess the concordance

between the NPi and the other prognostic tests that were performed

over the study period. The working hypothesis is that an NPi � 2

would be more frequently observed in patients with additional fea-

tures of brain injury (i.e., “discontinuous” EEG pattern, bilateral

absence of cortical SSEP N20 wave, N20ABS; blood levels of NSE

above 60 mcg/L; myoclonus), which would confirm its accuracy to

detect severe hypoxic-ischemic brain injury. To evaluate this hypoth-

esis, the worst NPi value over the first 3 days and the worst result

from each predictor (if assessed repeatedly) were used.

Secondary outcomes included the concordance between NPI � 2

with other predictors of poor outcome; for this analysis, only patients

having all available prognostic tools (defined as the multimodal mon-

itoring (MMM) group) were considered.

Statistical analysis

Data are presented as counts (percentages) or medians [interquartile

range]. Descriptive statistics were calculated for all study variables

and the normal distribution was evaluated using the Kolmogorov-

Smirnov test. The differences between the two groups were com-

pared using Student T-Test or Mann-Whitney U test for continuous

variables and Chi-Square test or Fisher Exact test for categorical

variables, as appropriate. The differences within three groups or
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more were tested using the One-Way ANOVA Test or Kruskal-Wallis

Test, as appropriate. Pairwise post hoc comparisons were made

using Bonferroni correction. The correlation between continuous

variables was calculated with Pearson Test or Spearman Test, as

appropriate. The performance of each predictor was analyzed by cal-

culating the specificity, sensitivity, positive predictive value (PPV),

and negative predictive value (NPV). The false-positive rate (FPR)

for each tool was calculated as the rate of false-positive divided by

the number of patients with FO. A receiver operating characteristics

(ROC) curve was also computed to identify the NPi cut-off values

resulting in a specificity of at least 95 % to predict a discontinuous

EEG, N20ABS, NSE > 60 mcg/L or the presence of myoclonus.

The concordance between the different indices for predicting UO

was defined as the presence of two or more indices suggesting

UO and expressed as a percentage. As described in a previous

study, we arbitrarily considered a > 75 % concordance between

two or more predictors as “high”; a 50–74 % concordance as “mod-

erate” and a < 50 % concordance was defined as “weak”.7 The sta-

tistical analysis was performed using IBM SPSS Statistics for

Macintosh 25 (Armonk, NY, USA) and GraphPad Prism 9 (San
Table 1 – Characteristics of the study population, accordi

Overall

(n = 456)

Age, years 62 [51–72]

Male gender, n (%) 357 (78)

Cardiac arrest characteristics

Time to ROSC, min 22 [15–36]

Non-shockable rhythm, n (%) 196 (43)

Non-cardiac cause, n (%) 170 (37)

Cooling methods, n (%)

Intra-vascular

Surface

123

(27)333

(73)

TTM target temperature, �C 36 [33–36]

Temperature on admission �C 35.2 [34.5–36.0]

Vasopressors on admission, n (%) 188 (58)

Neuro-prognostication

Worst NPi 3.7 [3.1–4.2]

NPi � 2, n (%) 87 (19)

Discontinuous EEG, n (%) 137/358 (38)

N20ABS, n (%) 63/186 (34)

Peak NSE, mg/L 43 [25–120]

NSE > 60 mg/L, n (%) 92/228 (40)

Myoclonus at any time, n (%) 92 (20)

Therapies

Vasopressors on admission, n (%) 188/322 (58)

Vasopressors on day 1, n (%) 209/343 (61)

Vasopressors on day 2, n (%) 132 /293 (45)

Opioids on admission, n (%) 106/198 (54)

Opioids on day 1, n (%) 143/231 (62)

Opioids on day 2, n (%) 76/246 (31)

Outcomes

UO at 3 months, n (%) 269 (59)

3-month mortality, n (%) 243 (53)

NPi = neurologic pupil index; ROSC = return of spontaneous circulation; TTM = ta

bilaterally absent N20 cortical potentials; NSE = neuron specific enolase; UO = un
Diego, CA, USA). Statistical significance was considered with a

p < 0.05.

Results

Patients’ characteristics

A total of 456 patients were enrolled in the study; of those, 186

(41 %) were included in the MMM group for concordance analysis.

The characteristics of the study population are presented in Table 1.

A total of 269 patients (59 %) had UO. Patients in the MMM group

were less frequently of male gender and had higher temperature dur-

ing TTM compared to patients without MMM; patients in the MMM

group also presented more frequently with N20ABS, discontinuous

EEG and myoclonus than others, and had a higher occurrence of

UO (70 % vs 51 %) and higher mortality (62 % vs 47 %).

Performance of poor neurological outcome predictors

Myoclonus was assessed in all patients, EEG was assessed in 358

(78 %) patients, 228 (50 %) patients had at least one NSE measure-

ment and 186 (41 %) SSEPs were recorded. Specificity and sensitiv-

ity for each predictor for UO are reported in Table 2. N20ABS showed
ng to the presence of multimodal monitoring.

MMM

(n = 186)

No MMM

(n = 270)

p values

63 [53–72] 62 [50–73] 0.96

137 (74) 220 (81) 0.04

22 [16–35] 20 [13–36] 0.14

84 (45) 112 (41) 0.61

73 (39) 97 (36) 0.49

49

(26)137

(74)

74

(27)196

(73)

0.83

36 [33–36] 35 [33–36] 0.03

35.2 [34.5–36.0] 35.2 [34.3–36.0] 0.41

80 (60) 108 (57) 0.65

3.5 [3.1–4.0] 3.9 [3.1–4.3] < 0.01

32 (17) 55 (20) 0.47

80/166 (48) 57/192 (30) < 0.01

63/186 (34) - < 0.01

45 [27–120] 39 [25–119] 0.54

51/125 (41) 41/103 (40) 0.89

52 (28) 40 (15) < 0.01

80/133 (60) 108/189 (57) 0.65

87/151 (58) 122/192 (64) 0.27

73/150 (49) 59/143 (41) 0.24

41/72 (57) 65/126 (52) 0.55

62/93 (67) 81/138 (59) 0.27

39/117 (33) 37/129 (29) 0.49

131 (70) 138 (51) < 0.01

115 (62) 128 (47) < 0.01

rgeted temperature management; EEG = electroencephalography; N20ABS =-

favorable neurological outcome.



Table 2 – Different prognostic tools according to neurological outcome.

UO

(n = 269)

FO

(n = 187)

p values Sensitivity [95 % CI]

Specificity [95 % CI]

PPV [95 % CI]

NPV [95 % CI]

FPR

Worst NPi 3.4 [0.0–3.9] 4.1 [3.7–4.0] < 0.01 - - -

NPi � 2 87 (33) - < 0.01 32 [27–38]%

100 [98–100]%

100 [100–100]%

51 [49–53]%

0 [0–2]%

Discontinuous EEG 111/210 (53) 26/148 (18) < 0.01 53 [46–60]%

82 [75–88]%

81 [75–86]%

55 [51–59]%

18 [12–25]%

N20ABS 63/131 (48) 0/55 (0) < 0.01 48 [39–57]%

100 [94–100]%

100 [100–100]%

45 [41–49]%

0 [0–6]%

NSE > 60 mcg/L 86/141 (61) 6/87 (7) < 0.01 61 [52–69]%

93 [86–97]%

93 [87–97]%

60 [55–65]%

7 [3–14]%

Myoclonus 80 (30) 12 (6) < 0.01 30 [34–36]%

94 [89–97]%

87 [79–92]%

48 [46–50]%

6 [3–11]%

UO = Unfavorable Outcome; FO = Favorable Outcome; NPi = Neurological Pupil index; EEG = electroencephalography; N20ABS = bilaterally absent N20 cortical

potentials; NSE = neuron specific enolase; PPV = Positive Predictive Value; NPV = Negative Predictive Value; FPR = False Positive Rate.

Fig. 1 – The difference in NPi values between patients with continuous and discontinuous EEG, with bilaterally

absent N20 (SSEPs -) or others (SSEPs + ), between high NSE or other values, between those with and without

myoclonus.

262 R E S U S C I T A T I O N 1 7 9 ( 2 0 2 2 ) 2 5 9 –2 6 6



R E S U S C I T A T I O N 1 7 9 ( 2 0 2 2 ) 2 5 9 –2 6 6 263
a specificity of 100 % [95 % CI 94 %-100 %]; NSE levels above 60

mcg/L and myoclonus showed similar predictive values, both with

a specificity of 93 % [95 % CI 86 %-97 %] and 94 % [95 % CI 89–

97 %] and with a FPR of 7 % [95 % CI 3 %-14 %] and 6 % [95 %

CI 3 %-11 %], respectively.

Correlation of NPi with other predictors of unfavorable

outcome

Patients with discontinuous EEG, N20ABS, NSE > 60 mcg/L, or myo-

clonus had a lower worst NPi value as compared to those in whom

these predictors of unfavorable outcome were absent (Fig. 1 and

Table 3). Also, patients with discontinuous EEG, N20ABS or high

NSE had a higher proportion of worst NPi values � 2 (Fig. 2). More-

over, the worst NPi value was inversely correlated with NSE values

(R2 = 0.28; p < 0.001; Supplemental Fig. 1); in addition, median NSE

values were significantly higher in patients with NPi � 2 (152 [117–

400] mcg/L) than in those with higher NPi values (88 [43–169]

mcg/L) for NPi between 2.1 and 2.9; 42 [27–119] mcg/L for NPi

3.0–3.9; 31 [18–46] mcg/L for NPi � 4; p < 0.01 – Supplemental

Fig. 1).

The AUCs for NPi to predict a discontinuous EEG, N20ABS,

NSE > 60 mcg/L and the presence of myoclonus were 0.63 (95 %

CI 0.58–0.70), 0.68 (95 % CI 0.61–0.76), 0.79 (95 % CI 0.73–0.85)

and 0.60 (95 % CI 0.54–0.66), respectively. The NPi cut-off values

to predict with a specificity of at least 95 % was < 2.25 for

NSE > 60 mcg/L (with a sensitivity of 39 %). For other predictors,

NPi cut-offs could not provide the same specificity (<0.25 for discon-

tinuous EEG, with specificity of 92 % and sensitivity of 21 %; <0.4 for

N20ABS with specificity of 92 % and sensitivity of 24 %; <0.25 for the

presence of myoclonus, with specificity 85 % and sensitivity 17 %).

Concordance of different prognostic tools to predict

unfavorable outcome

The concordance among different prognostic tools in the MMM group

is reported in Table 4. Regarding concordance between two predic-
Table 3 – Worst neurological pupil index (NPi) value and p
predictors of poor outcome.

Discontinuous EEG

(n = 137)

Worst NPi 3.5 [1.6–4.0]

NPi � 2, n (%) 35 (26)

N20ABS

(n = 63)

Worst NPi 3.3 [1.1–3.7]

NPi � 2, n (%) 17 (27)

NSE > 60

(n = 92)

Worst NPi 3.2 [0.0–3.6]

NPi � 2, n (%) 33 (36)

Myoclonus present

(n = 92)

Worst NPi 3.4 [2.6–4.0]

NPi � 2, n (%) 19 (21)

NPi = Neurological Pupil index; EEG = electroencephalography; N20ABS = bilatera

NSE = Neuron Specific Enolase.
tors, NPi � 2 was highly concordant with the presence of high NSE,

while the concordance was moderate with discontinuous EEG and

N20ABS and it was weak with myoclonus. Moreover, high NSE levels

and N20ABS were moderately concordant with a discontinuous EEG

pattern.

A moderate to high concordance was also observed for the pres-

ence of at least 3 concordant predictors; also the higher the number

of concordant predictors of poor outcome, the lower the observed

NPi (Supplemental Table 1). The proportion of patients with UO sig-

nificantly increased with the number of concomitant predictors of

unfavorable neurological outcome (i.e. 100 % [95 % CI 87 %-

100 %] if at least 3 were present).

Discussion

In this study, we observed that in unconscious adult patients after

resuscitation from cardiac arrest: a) NPi values were significantly

lower among patients with myoclonus, abnormal EEG or SSEPs find-

ings and high NSE levels; b) NPi values� 2 had a good concordance

with other predictors of UO, such as high NSE levels, discontinuous

EEG or N20ABS; c) the higher the number of concordant predictors of

UO in the same patient the higher was the rate of UO.

Our multicenter study showed a good concordance between NPi

and NSE. This result is in line with a single-center study7 and sug-

gests that low NPi values indicate the presence of an extensive

hypoxic-ischemic brain injury after cardiac arrest.8 NSE correlates

with other test results suggesting severe cortical damage, such as

N20ABS and large infarcted areas on MRI.9 We found a moderate

concordance between NPi and EEG findings. However, the only

EEG predictor that was collected in this cohort was the presence

of a discontinuous background. Discontinuous EEG is a pattern of

moderate severity compared with highly malignant patterns, such

as burst suppression or persistent suppressed background, that

have been identified as strong predictors of UO.1,10–13 Moreover,
roportion of NPi � 2 according to the results of other

Continuous EEG

(n = 221)

p values

3.9 [3.3–4.3] <0.01

24 (11) <0.01

Other SSEP findings

(n = 123)

3.6 [3.3–4.1] <0.01

15 (12) 0.01

NSE � 60

(n = 136)

4.0 [3.5–4.3] <0.01

4 (3) <0.01

Myoclonus Absent

(n = 364)

3.8 [3.2–4.2] <0.01

68 (19) 0.66

lly absent N20 cortical potentials; SSEP = Somatosensory Evoked Potential;



Fig. 2 – The difference in the number of patients with continuous and discontinuous EEG (a), with N20 absent (SSEPs

-) and present (SSEPs + ) (b), NSE < or > 60, presence of myoclonus.
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the American Clinical Neurophysiology Society (ACNS) recently pub-

lished guidelines precisely defining a standardized nomenclature, to

avoid misinterpretation and overestimation of highly malignant pat-

terns.14 Pending further confirmation in other studies, these results

have important clinical implications, as automated pupillometry is

easily available, less costly than other prognostic tools, and easy

to use or implement in clinical practice.

Our analysis could not provide additional information on the best

combination of different predictors of UO. However, we observed

that the higher the number of concomitant predictors of severe neu-

rological injury was, the highest was the proportion of patients with

UO. In a limited subgroup, we had a 100 % of probability of UO when

at least 3 concomitant predictors were present. In another study, the
combination of SSEPs, brain CT and EEG also increased the sensi-

tivity of UO prediction from 30–54 % to 61 %.15 In one retrospective

study, a prognostic model including brain CT-scan, NSE, EEG,

SSEPs, and PLR also predicted UO with a 0 % FPR,16 significantly

higher than each prognostic modality alone. Also, a combination of

clinical examination, EEG reactivity, and NSE yielded the best pre-

dictive accuracy to predict UO in this setting.17 Taking together these

findings and the data from our study, the concomitant use of at least

three different prognostic tools with concordant findings, has the

potential to accurately predict UO, as suggested by guidelines.2

Importantly, although most of these prognostic tools might also pro-

vide “redundant” information (i.e., adding more predictors would

marginally increase the overall predictive value of one or two strong



Table 4 – Concordance among different predictors for poor outcomes in the multimodal monitoring group.

NPi � 2

(n = 32)

Discontinuous EEG

(n = 80)

NSE > 60

(n = 51)

N20ABS
(n = 63)

Myoclonus

(n = 52)

2

Predictors

(n = 36)

3

Predictors

(n = 26)

4

Predictors

(n = 13)

NPi � 2

(n = 32)

- 16/80

(20)

13/51

(26)

17/63

(27)

12/52

(23)

9/36

(25)

9/26

(35)

2/13

(15)

Discontinuous EEG

(n = 80)

16/26

(62)

- 32/45

(71)

41/55

(75)

33/48

(69)

19/29

(66)

24/26

(92)

13/13

(100)

High NSE

(n = 51)

13/17

(77)

32/61

(53)

- 36/43

(84)

21/32

(66)

16/26

(62)

17/18

(94)

13/13

(100)

N20ABS

(n = 63)

17/32

(53)

41/80

(51)

36/51

(71)

- 29/52

(56)

21/36

(58)

23/26

(89)

13/13

(100)

Myoclonus

(n = 52)

12/32

(38)

33/80

(41)

21/51

(41)

29/63

(46)

- 16/36

(44)

14/26

(54)

13/13

(100)

NPi = Neurological Pupil index; EEG = electroencephalography; N20ABS = bilaterally absent N20 cortical potentials; SSEP = Somatosensory Evoked Potential;

NSE = neuron specific enolase.
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predictors), a multimodal assessment in this setting remains clinically

relevant, as each isolated predictor may be biased by confounders.

For instance, NPi showed an excellent specificity in the prediction

of unfavorable outcomes; nevertheless, NPi � 2 in the absence of

severe post-anoxic brain damage has also been reported in associ-

ation with sevoflurane and ketamine therapy.18

The clinical implications of our study aremultiple. First, lowNPi is a

robust predictor of post-anoxic brain injury and could be adequately

implemented in clinical practice to assess neurological prognosis in

these patients. Although a previous study already addressed this

issue,3 in the present analysis we provided additional evidence to sup-

port the role of low NPi values as robust and quantitative markers of

extended brain injury. Second, despite a good concordancewith other

predictors, NPi is complementary to available prognostic tools and

should not be used to replace them. Indeed, only the association of

several predictors increases the sensitivity of themultimodal approach

to discriminate neurological outcome in CA patients. Moreover, low

NPi have limited value (i.e. AUC 0.60–0.80) and clinical relevance

(i.e. large confidence intervals) to predict the presence of discontinu-

ous EEG, N20ABS or myoclonus, even when very low values were

used. Third, in the setting where not all predictors are available (i.e.

SSEPs require skills and expertise in recording and interpretation;

brain imagingmight not be feasible in unstable patients), NPi is a valu-

able, bedside available and easy-to-implement prognostic tools to

increase the reliability of the predictive algorithm.

The study has several limitations. The first is the post hoc nature

of the analysis, therefore a formal sample size calculation for the pri-

mary endpoint of the study was not performed. Second, the EEG pat-

terns were not re-evaluated by a neurophysiologist and the

discontinuous pattern rather than the highly malignant pattern, as

recommended in the guidelines, was reported. As previously speci-

fied, this aspect may have biased the role of EEG in the analysis.

Also, myoclonus was reported without details on its characteristics

(i.e., status myoclonus or not). Third, the multimodal prognostic algo-

rithms were not standardized in the study, which accounted for sev-

eral missing pieces of information for each patient. Fourth, as for all

the prognostication studies in this field, the risk of self-fulfilling pro-
phecy may have influenced some results. Fifth, in the assessment

of concordance, we considered only patients with MMM; this cohort

was composed of sicker patients (i.e., highest mortality and unfavor-

able outcome), in whom additional prognostication parameters are

more frequently used, and therefore may not be representative of

all our cohort (i.e. selection bias) or a more heterogeneous popula-

tions of CA patients. Sixth, we could not further detail the reasons

of death (i.e. severe post-anoxic encephalopathy vs other causes),

as we expect neurological predictors to be more accurate in patients

dying from neurological reasons than from others. Finally, no data on

brain imaging (i.e., MRI and/or CT scans) and clinical examination

were available and no associations with potential structural cerebral

lesions were possible.

Conclusions

In our study, an abnormal NPi was associated with other important

signs of hypoxic-ischemic brain injury, supporting its value as a pre-

dictor of UO after cardiac arrest.
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