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Abstract
Background An automated digital screening tool (DETECT) has been developed to aid in the early identification of patients 
who are at risk of developing brain death during critical care.
Methods This prospective diagnostic accuracy study included consecutive patients ≥ 18 years admitted to neurocritical care 
for primary or secondary acute brain injury. The DETECT screening tool searched routinely monitored patient data in the 
electronic medical records every 12 h for a combination of coma and absence of bilateral pupillary light reflexes. In paral-
lel, daily neurological assessment was performed by expert neurointensivists in all patients blinded to the index test results. 
The primary target condition was the eventual diagnosis of brain death. Estimates of diagnostic accuracy along with their 
95%-confidence intervals were calculated to assess the screening performance of DETECT.
Results During the 12-month study period, 414 patients underwent neurological assessment, with 8 (1.9%) confirmed cases 
of brain death. DETECT identified 54 positive patients and sent 281 notifications including 227 repeat notifications. The 
screening tool had a sensitivity of 100% (95% CI 63.1–100%) in identifying patients who eventually developed brain death, 
with no false negatives. The mean time from notification to confirmed diagnosis of brain death was 3.6 ± 3.2 days. Specific-
ity was 88.7% (95% CI 85.2–91.6%), with 46 false positives. The overall accuracy of DETECT for confirmed brain death 
was 88.9% (95% CI 85.5–91.8%).
Conclusions Our findings suggest that an automated digital screening tool that utilizes routinely monitored clinical data may 
aid in the early identification of patients at risk of developing brain death.
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Introduction

Organ donation is crucial for patients with organ failure to 
improve quality of life and increase chances of survival [1]. 
However, the shortage of available organs has resulted in long 
waiting lists, leaving many patients without access to organ 
transplantation. In Europe alone, an estimated 20 patients 
per day die while waiting for an organ transplant [2]. In Ger-
many, waiting lists for organ donation are particularly long 
compared to other countries with a recent organ donation 
rate of ten per one million inhabitants, reflecting the coun-
try’s consistently low organ donation rates for years [3, 4]. 
Deficiencies in identifying patients who may progress towards 
brain death after brain injury may have largely contributed 
to low organ donation rates in Germany, as indicated by a 
recent nationwide secondary analysis of 112 million hospital-
ized patients [5]. Despite a 13.9% increase in the number of 
potential organ donors (i.e., those who died in the presence of 
acute brain injury, were mechanically ventilated and had no 
medical contraindications for organ donation) between 2010 
and 2015, there was a concurrent 18.7% decline in referrals 
to the German organ procurement organization (OPO) and a 
32.3% decrease in the actual number of deceased organ dona-
tions. Furthermore, findings from an analysis of 7889 deceased 
patients with acute brain injuries raised similar concerns 
regarding the proper identification of potential organ donors 
in procurement hospitals [6]. Notably, 73 patients who were 
retrospectively classified as potentially at risk of developing 
brain death were ultimately not subjected to a corresponding 
neurological evaluation.

To address these shortcomings in potential donor identifica-
tion, an automated digital screening tool (DETECT; screen-
ing for potential brain DEath in paTiEnts with severe brain 
damage and clinically asCerTained loss of cerebral functions) 
was developed to prospectively identify intensive care patients 
who are at risk of developing brain death [7, 8]. In an analysis 
of 309 deceased patients with severe brain injury, the pilot 
implementation of DETECT in intensive care units of a ter-
tiary care hospital was associated with a 93% decrease in the 
risk of missing patients who were retrospectively classified as 
impending brain death and thus being potential donors, com-
pared to a period before implementation.

In view of aforementioned considerations, we conducted 
a diagnostic accuracy study to prospectively determine the 
screening performance of DETECT in identifying neurocrit-
ically ill patients with impending brain death. We hypoth-
esized that DETECT could provide reliable information that 
would increase clinicians’ awareness of these patients and 
facilitate their early referral to neurointensivists for further 
evaluation.

Methods

Study design and patient population

This was a prospective validation study that adopted the 
Standards for Reporting of Diagnostic Accuracy (STARD) 
guidelines [9]. We enrolled consecutive patients aged 
18 years or older who were admitted between February 
2020 and January 2021 to the 12-bed neurocritical care unit 
of a tertiary care hospital in Germany. This study included 
all patients with acute neurological diseases primarily or 
secondary affecting the brain. Patients with peripheral neu-
rological disorders such as myasthenia gravis or Guillain-
Barré-syndrome and those admitted to the neurocritical 
care unit for non-neurological reasons were excluded. The 
DETECT screening tool was considered the index test to 
identify patients exhibiting clinical findings indicative of 
impending brain death. The primary target condition in our 
study was the final diagnosis of brain death, as determined 
by board-certified neurologists with subspecialty training 
in neurocritical care. In adherence to the study protocol, 
we prospectively collected data on demographics, clinical 
information, treatment specifics including analgosedation 
regimens, laboratory results, neuroimaging findings, and the 
actual frequency of deceased organ donation. An illustration 
of the study design is provided in Fig. 1.

Automated digital screening—DETECT

Our collaborative group developed an automated search 
algorithm to screen routinely monitored patient data in the 
electronic medical records system  (ICM®, Dräger Medical, 
Lübeck) of adult intensive care units at the University Hos-
pital Dresden [7, 8]. Meanwhile, the technical compatibility 
of DETECT has been extended to encompass the majority 
of widely used electronic medical records systems in inten-
sive care. Detailed information about its programming code 
and technical integration with electronic medical records 
systems can be found elsewhere [10]. In brief, DETECT 
cyclically processes incoming data from the corresponding 
electronic medical record system and generates notifications 
via the hospital’s internal email server to transplant coor-
dinators or a custom-configured group. Diverse interfaces 
(such as XML, REST, HL7v2, or FHIR) can be employed 
based on the specific electronic medical record system used, 
enabling the capture of key clinical parameters necessary for 
the predefined screening algorithm.

The screening targeted a combination of coma, indi-
cated by a Richmond Agitation Sedation Scale (RASS) 
score of − 4 or − 5 or Glasgow Coma Scale (GCS) score 
of 6–3, along with manually assessed absence of bilateral 
pupillary light reflexes, both of which are considered early 
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indicators of impending brain death [11]. Following critical 
care guideline recommendations, the RASS or GCS scores 
and pupillary function are routinely monitored by critical 
care staff and documented in the electronic medical records 
[12, 13]. The search algorithm ran every 12 h, and upon 
a positive result, an automated notification was dispatched 
via the hospital’s email server to the corresponding trans-
plant coordinators and intensivists. The notification included 
demographic data of the patient, date and time of the regis-
tered condition, and optional clinical and laboratory details. 
This optional information included whether a patient was on 
mechanical ventilation without spontaneous breathing, had 
intracranial pressure (if monitored) above 50 mmHg and/or 
cerebral perfusion pressure below 20 mmHg, and had serum 
sodium levels above 160 mmol/L or changes greater than 
10 mmol/L in the past 24 h, all of which may point towards 

an irreversible loss of brain function. The notification also 
contained information on whether the patient had undergone 
cardiopulmonary resuscitation prior to or during hospitali-
zation. The email sent to the transplant coordinators aimed 
to prompt clinical assessment of the reported patient and, if 
necessary, initiate a guideline-based brain death examination 
in collaboration with the treating neurointensivist.

Serial neurological assessment

Two expert neurointensivists conducted daily neurologi-
cal assessment on all study participants during their ICU 
stay to establish the clinical reference standard for identi-
fying patients at risk of impending brain death blinded to 
the results of the index test. Neurological assessment and 
the index test were performed within 24 h from each other. 

Fig. 1  Study design. †Determination according to the guideline of the German Medical Association [14]. RASS Richmond Agitation Sedation 
Scale, GCS Glasgow Coma Scale, ICP intracranial pressure, CPP cerebral perfusion pressure, F/U follow up
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The study protocol encompassed an assessment of the level 
of consciousness, brainstem reflexes (including pupillary, 
corneal, gag and vestibulo-ocular reflexes) and limb motor 
functions. The study physicians had access to all clinical, 
neuroimaging, and laboratory information gathered during 
the patients’ hospital stay. Patients with clinically suspected 
impending brain death (such as those with severe brain dam-
age, persistent coma, and absence of brain stem reflexes) 
subsequently underwent a standardized clinical examination 
to confirm or exclude brain death in accordance with the 
guidelines of the German Medical Association [14]. Ancil-
lary diagnostic tests, including transcranial ultrasonography, 
computed tomography angiography, and electroencephalog-
raphy, were used for brain death determination as needed. 
If brain death could not be confirmed, a repeat examination 
was performed afterwards at the discretion of the treating 
neurointensivists.

Statistical analysis

Normally distributed continuous variables are presented as 
mean ± standard deviation (SD), while skewed distributed 
data are presented as median (interquartile range, IQR). Cat-
egorical variables are presented as percentages. To assess 
the performance of the DETECT screening tool, we cal-
culated its sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and overall accu-
racy. The primary outcome was the identification of patients 
who eventually developed brain death during their hospitali-
zation. True-positive, false-positive, true-negative, and false-
negative values were computed for this purpose. The cor-
responding 95% Wilson confidence intervals (95% CI) were 
computed to assess the precision of the accuracy estimates. 
Differences in the distribution of variables between sub-
groups of interest were assessed using appropriate statistical 
tests, including Wilcoxon rank sum test, Student’s t test, Chi-
squared test, or Fisher’s Exact test. Bivariate logistic regres-
sion was used to examine associations between clinical vari-
ables and DETECT screening results. The significance level 
was set at 0.05. Statistical analyses were conducted using 
STATA (version 16.1, StataCorp, College Station, TX) and 
MedCalc (version 19.8, MedCalc Ltd., Ostend, Belgium) 
softwares.

Results

Study population

During the 12-months study period, 414 (87.3%) of 474 
patient admissions to the neurocritical care unit met the 
inclusion criteria for this diagnostic accuracy study. The flow 
chart of the study patients including diagnostic outcomes 

is shown in Fig. 2. The mean age of the study population 
was 70.8 ± 14.8 years, 45.9% were female, the median base-
line GCS score was 11 (IQR 5–14) and the mean length of 
ICU stay was 9.1 ± 8.6 days. The most common reasons for 
admission to the neurocritical care unit were acute ischemic 
stroke (290/414 [70.1%]), spontaneous intracerebral hem-
orrhage (53/414 [12.8%]), seizure or status epilepticus 
(34/414 [8.2%]) and meningoencephalitis (13/414 [3.1%]). 
A total of 174 patients (42%) required controlled mechani-
cal ventilation during their ICU stay. Among patients with 
acute ischemic or hemorrhagic stroke, the median baseline 
National Institutes of Health Stroke Scale (NIHSS) score 
was 16 (IQR 8–24) points. Table 1 provides further details 
on the clinical characteristics of the study population. No 
missing data were present for any baseline or outcome vari-
ables of interest.

Distribution of the target condition

Out of 414 patients who underwent prospective neuro-
logical assessment, 8 (1.9%) were eventually confirmed to 
have brain death through standardized clinical determina-
tion. Among them, five patients had space-occupying large 
hemispheric infarction, one had space-occupying cerebellar 
infarction, one had intracerebral hemorrhage, and one had 
bacterial meningoencephalitis complicated by septic cere-
bral venous thrombosis. Seven of these patients underwent 
deceased organ donation (Fig. 3).

Screening test performance

Overall, the DETECT screening tool identified 54 patients 
with positive test results and dispatched a total of 281 noti-
fications, including 227 repeated notifications. The mean 
time between the index event and the initial notification 
was 3.2 ± 4.8 days (median 1.4, IQR 0.7–3.5). Of these 54 
patients, 34 were repeatedly detected with a median of 4.5 
(IQR 2–10) notifications per patient over a mean duration of 
4 ± 3.2 days (median 2.5, IQR 1.5–6.5). Repeated notifica-
tions were dispatched every 14.5 ± 10 h (median 12, IQR 
11.9–12.1).

As per notifications and verified by the study physicians, 
90.7% (49/54) of the positively screened patients were on 
controlled mechanical ventilation, 11.1% (6/54) had intrac-
ranial pressure exceeding 50 mmHg and 7.4% (4/54) had 
cerebral perfusion pressure below 20 mmHg at least once 
during their screening period. Additionally, 13% (7/54) had 
serum sodium levels above 160 mmol/L and 46.3% (25/54) 
showed changes greater than 10 mmol/l in the past 24 h. 
Cardiopulmonary resuscitation was performed on 11.1% 
(6/54) of the patients.

The DETECT screening tool accurately identified all 
confirmed cases of brain death with a sensitivity of 100% 
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(95% CI 63.1–100%), indicating no false negatives. The 
mean time between initial notification and final diagnosis 
of brain death was 3.6 ± 3.2 days (median 2.9, IQR 1.6–4.8). 
Seven out of the eight (87.5%) confirmed brain dead patients 
were repeatedly detected with a median of 7 (IQR 3.5–11.5) 
notifications per patient, while the remaining patient was 
detected once. The specificity of DETECT was 88.7% (95% 
CI 85.2–91.6%) corresponding to 46 false positive cases. 
In comparison to patients accurately classified as negative 
by the screening tool, false positives demonstrated a lower-
baseline GCS score (median 6, IQR 3-12 vs. median 11, IQR 
6-14; p = 0.001), higher rates of any vertebrobasilar stroke 
(30.4% vs. 13.1%; p = 0.002) and space-occupying cerebellar 

stroke (8.7% vs. 0.6%; p = 0.002), a greater necessity for 
mechanical ventilation (87% vs. 35%; p < 0.001), a more fre-
quent use of analgosedation throughout the ICU stay (89.1% 
vs. 56.7%; p < 0.001) and an increased frequency of intrac-
ranial pressure complications including brain herniation 
(10.9% vs. 3.1%; p = 0.025) and cerebrospinal fluid circula-
tory dysfunction (26.1% vs. 5.3%; p < 0.001). No significant 
differences were identified with regard to other causes of 
primary or secondary brain injury, demographic charac-
teristics, or relevant clinical data. Notably, analgosedation 
emerged as a predictor of positive screening results in the 
entire study cohort (OR 6.1, 95% CI 2.6–14.7; p < 0.001). 

Fig. 2  Flow chart of the study 
participants. †According to the 
guideline of the German Medi-
cal Association [14]. TP true 
positive, TN true negative, FP 
false positive, FN false negative



5940 Journal of Neurology (2023) 270:5935–5944

1 3

When restricting the analysis to the 34 cases with repeated 
notifications, the specificity increased to 93.4% (95% CI 
90.5–95.6%).

Within the subgroup of 174 patients who required 
mechanical ventilation during their ICU stay, the sensitivity 
of the DETECT screening tool for identifying those who 
eventually progressed to brain death remained unchanged. 
However, the specificity decreased to 75.9% (95% CI 
68.7–82.2%), which could be attributed to the prevalent utili-
zation of analgosedation (94.3%) in these patients. Addition-
ally, any vertebrobasilar stroke (35% vs. 15.9%), space-occu-
pying cerebellar stroke (10% vs. 1.6%) and cerebrospinal 
fluid circulatory complications (27.5% vs. 10.3%) were more 
frequently observed among falsely identified cases compared 
to true negatives (p < 0.05).

The overall accuracy of DETECT for confirmed brain 
death was 88.9% (95% CI 85.5–91.8%). Further accuracy 
estimates are detailed in Table 2.

Discharge outcomes of positively screened patients

Among the 54 patients identified as positive by DETECT, 
30 patients (55.6%) died during neurocritical care, with 
7 (12.9%) of them undergoing deceased organ donation. 
Twelve patients (22.2%) were discharged for acute reha-
bilitation, one patient (1.9%) was referred to the anesthetic 
intensive care unit and 11 patients (20.4%) were directed to 
non-intensive care in-hospital units.

Table 1  Characteristics of brain injuries among the study population 
(n = 414)

Primary brain injury, n (%)

Acute ischemic stroke 290 (70.1)
Malignant middle cerebral artery infarction 41 (9.9)
Space-occupying cerebellar infarction 7 (1.7)
Secondary symptomatic intracerebral bleeding 27 (6.5)
Spontaneous intracerebral hemorrhage 53 (12.8)
Intraventricular extension 38 (9.2)
Hematoma expansion within 72 h 9 (2.2)
Seizure / status epilepticus 34 (8.2)
Acute meningoencephalitis 13 (3.1)
Bacterial 4 (1.0)
Viral 7 (1.7)
Subarachnoid hemorrhage 4 (1.0)
Subdural hematoma 4 (1.0)
Traumatic brain injury 2 (0.5)
Posterior reversible encephalopathy syndrome 3 (0.7)
Cerebral venous sinus thrombosis 1 (0.2)
Other (Brain metastases, Creutzfeldt–Jakob disease, 

Spontaneous intracranial hypotension, Neurosarcoido-
sis)

4 (1.0)

Secondary brain injury, n (%)
 Hypoxic ischemic encephalopathy 6 (1.5)

Intracranial cerebral pressure complications, n (%)
 Brain herniation 24 (5.8)
 Cerebrospinal fluid circulatory dysfunction 38 (9.2)

Therapeutic interventions, n (%)
 Decompressive hemicraniectomy 26 (6.3)
 Atlantooccipital trepanation 4 (1.0)
 External ventricular drainage 28 (6.8)
 Hyperosmolar therapy 14 (3.4)

Fig. 3  Patient with large right-sided hemispheric infarction that 
resulted in cerebral edema, secondary intracerebral hemorrhage, 
intraventricular hemorrhage, hydrocephalus and transtentorial hernia-
tion. The patient was screened positive by DETECT on day 4 (6 a.m.) 
following admission to neurocritical care. A Early follow-up CT on 
day 2 used for independent neuroimaging assessment for the potential 
of developing brain death. B CT scan on day 5 when brain death was 
confirmed

Table 2  DETECT screening test performance

CI confidence interval
† Determination according to the guideline of the German Medical 
Association [14]

Accuracy estimates, % (95% CI) Confirmed brain  death†

Sensitivity 100 (63.1–100)
Specificity 88.7 (85.2–91.6)
Positive predictive value 14.8 (11.7–18.6)
Negative predictive value 100
Overall accuracy 88.9 (85.5–91.8)
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Discussion

The findings of this diagnostic accuracy study demonstrate 
the ability of the DETECT screening tool to accurately 
identify patients with acute brain injury who are at high 
risk of progressing to brain death during neurocritical 
care. Notably, the tool did not miss patients who were 
eventually confirmed as brain dead, and the false detection 
rate among negatively confirmed patients was only one in 
ten. These results highlight the potential effectiveness of 
automated screening for key clinical triggers in identifying 
potential organ donors.

Timely identification and referral of potential organ 
donors is widely recognized as a key strategy for address-
ing the global shortage of life-saving transplantable organs 
[15–17]. Digital support systems utilizing patient health 
records have been shown to enhance early recognition and 
clinical decision-making for various conditions, including 
sepsis, venous thromboembolism, acute kidney injury, and 
pediatric appendicitis [18–21]. In a recent retrospective 
study of adult patients, electronically automated referrals to 
an OPO based on clinical triggers such as mechanical venti-
lation, acute neurocritical injury and a GCS score of ≤ 5 was 
associated with a 45% increase in monthly donor referrals 
and a 92% increase in monthly deceased donors compared 
to a pre-implementation period when referrals were made 
manually by the ICU healthcare team [22]. Another retro-
spective study evaluated the effects of an automated clinical 
decision support system that sent an email notification to 
the OPO when clinical findings suggestive of impending 
brain death were documented for pediatric patients [23]. The 
system was triggered by the presence of bilateral unrespon-
sive pupils, mechanical ventilation and either an absent gag 
reflex or a GCS score of ≤ 5 within the previous 24 h in the 
electronic nursing assessments. The implementation of the 
system resulted in a shorter time to OPO notification and 
a higher rate of conversion from potential to actual donors 
compared to the period before implementation. However, 
there was no difference in the frequency of actual brain death 
determination between the two periods.

While these studies suggest that automated potential 
donor identification systems can be effective, their conclu-
sions are limited by the lack of a parallel reference stand-
ard, such as neurological assessment and the possibility of 
external factors influencing the potential donor pool. Addi-
tionally, the donor referral technology used in the former 
study relied solely on clinical data available at the time of 
ICU admission [22]. In contrast, the findings of the present 
study suggest that repeat alerts during ICU stay may fur-
ther improve the diagnostic accuracy of automated identi-
fication of potential donors. In fact, nearly 90% of eventual 
brain-dead patients in this study were repeatedly identified, 

with a median of seven notifications per patient and up to 
10 days prior to brain death determination. Therefore, repeat 
detection of neurologic key symptoms may indicate genuine 
evolution of critical intracranial pressure due to devastating 
brain injury, rather than being attributed to anesthetic effects 
such as suppression of brainstem reflexes [24].

Variations in healthcare practices across different coun-
tries hinder the comparability of potential donor identifi-
cation approaches [24]. In the United States, the standard 
procedure is to directly notify the OPO upon admission of 
a patient meeting clinical criteria suggestive of impending 
brain death to the ICU. In contrast, the DETECT screening 
tool was developed to align with the prevailing practice in 
Germany and other European countries, where the hospital’s 
transplant coordination team is informed about a potential 
donor and establishes contact with the OPO after confirming 
brain death and approaching the family. Notifying the hospi-
tal’s transplant coordinators instead of the OPO in patients 
suggestive of impending brain death may have various ben-
efits, including a closer evaluation of potential donors and 
their families by the transplant coordinators in collaboration 
with the treating intensivists and reduced burden on the OPO 
with fewer futile notifications [25].

The average time between initial automated notification 
to the transplant team and determination of brain death was 
3.6 days in our study, allowing for sufficient time to conduct 
comprehensive neurological assessments, communicate with 
the family, and obtain necessary authorizations while ensur-
ing timely determination of brain death. Prolonging brain 
death determination may jeopardize the overall function 
of viable organs and their procurement, as brain death can 
initiate severe systemic inflammation with cytokine storms 
similar to those seen in sepsis, hemodynamic instability, and 
unfavorable hormonal changes [26–28].

The automated screening algorithm implemented by 
DETECT employs simple yet specific neurologic crite-
ria [11]. In contrast to other electronic support systems, 
mechanical ventilation was not mandated as a criterion for 
screening positivity, thus potentially expanding the pool of 
eligible donors beyond those who are mechanically ven-
tilated. Although still uncommon in Germany, early iden-
tification and referral of possible organ donors from the 
emergency department to elective non-therapeutic intensive 
care is thought to be a contributing factor to Spain’s organ 
donation rate of 40 donors per one million, positioning it 
as the global leader in organ donation [17, 29]. The lower 
specificity of DETECT observed in mechanically ventilated 
patients may be attributed to the concurrent use of anal-
gosedatives, which were administered to over 90% of these 
patients. Notably, patients receiving analgosedatives were 
six times more likely to trigger a positive result from the 
screening tool. Moreover, analysis of the entire study cohort 
unveiled distinct characteristics that were more frequently 
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observed in falsely detected cases than in true negatives—
any vertebrobasilar stroke, intracranial pressure-related 
complications, mechanical ventilation and analgosedation 
usage—conditions that could potentially explain com-
promised pupillary light reflexes and impaired vigilance, 
without necessarily indicating progressing to brain death. 
However, it is important to note that false positive screening 
for potential donors is considered less concerning than false 
negative screening. The former does not harm those who 
are mistakenly identified, whereas the latter can result in 
failure to identify potential donors and a missed opportunity 
to prevent death or disability in transplant candidates. While 
relying solely on routinely documented clinical assessments 
for automated screening saves ICU personnel resources, the 
potential enhancement of specificity through the integration 
of additional clinical data from bispectral index monitor-
ing, intracranial pressure monitoring, biomarker studies, or 
machine learning techniques warrants further investigation 
[30–33].

This study has several strengths. Firstly, it is the first 
to prospectively validate an automated digital screening 
approach for identifying key clinical triggers of impending 
brain death, using simultaneous and blinded neurological 
assessment as the reference standard. Unlike prior research 
on automated donor identification technology, this diagnos-
tic accuracy study builds on a pilot exploration of DETECT 
at a tertiary care hospital. Our previous pilot study among 
114 ICU beds revealed that DETECT was associated with 
a 93% lower risk of failing to identify potential brain-dead 
donors since its implementation in 2018, which prompted a 
subsequent investigation into its internal validity [7]. In the 
current study, we therefore focused on a neurocritical care 
cohort with an expected higher incidence of brain death, a 
rare outcome, which adds to the significance of our find-
ings. Yet this approach may have limited the generalizability 
of our findings to non-neurological ICU cohorts. The low 
positive predictive value we observed could be due to the 
inherent rarity of brain death defined as the target condi-
tion in this study. Nonetheless, implementing DETECT in 
non-neurological ICUs that naturally lack neurocritical care 
expertise could be particularly beneficial in terms of poten-
tial donor identification.

Limitations of this study include the monocentric design, 
and the fact that we did not investigate the extent to which 
healthcare providers effectively utilized the information con-
veyed by the automated notifications or whether repeated 
notifications contributed to alarm fatigue, as these aspects 
were beyond the scope of this diagnostic accuracy study. 
However, it is crucial to consider the potential implications 
of alarm fatigue in real-world clinical practice when using 
DETECT. An increased number of notifications could desen-
sitize transplant coordination teams and intensivists, lead-
ing to missed responses to critical information on potential 

organ donors. Moreover, the subsequent steps following 
potential donor identification are largely reliant on the ini-
tiative of the transplant coordination team and treating inten-
sivists, potentially affecting the actual donation rate achieved 
by the DETECT screening tool. An upcoming multicenter 
randomized controlled trial on the efficacy of DETECT will 
therefore gain insights into how healthcare providers receive 
and manage notifications. Furthermore, future enhancements 
to DETECT aim to alleviate alarm fatigue and enhance its 
clinical utility, including customization options enabling 
selected healthcare professionals to tailor daily notifica-
tions—such as excluding patients under deep sedation for 
medical reasons or those with pre-existing tumors ineligi-
ble for organ donation—from the daily screening process. 
Additionally, our study might have been susceptible to bias 
arising from competing risks, which may have impacted the 
frequency of brain death in our study population due to the 
occurrence of death from other causes prior to progression to 
brain death (e.g. withdrawal of life-sustaining therapies for 
perceived poor neurologic prognosis). As a result, this bias 
could have resulted in an underestimation of the screening 
tool’s sensitivity, as potential brain death cases might have 
been excluded, and an overestimation of specificity, by con-
sidering potential brain death cases as true negatives. Lastly, 
DETECT was initially designed to be compatible with the 
electronic medical records systems employed in the study 
center restricting its external validity. However, its technical 
compatibility has been expended to ensure cost-neutral com-
pliance with the majority of widely used electronic medical 
records systems in intensive care [10].

Conclusions

Our findings suggest that implementing an automated digital 
screening tool to monitor routine clinical data can facilitate 
the early detection of patients who may be at risk of devel-
oping brain death during neurocritical care. To assess the 
efficacy of DETECT in improving potential donor identi-
fication and increasing organ donation rates, a multicenter 
randomized controlled trial is currently underway.
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