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Abstract
Background Acute kidney injury (AKI) is defined as a sudden episode of kidney failure but is known to be under-
recognized by healthcare professionals. The Kidney Disease Improving Global Outcome (KDIGO) guidelines have 
formulated criteria to facilitate AKI diagnosis by comparing changes in plasma creatinine measurements (PCr). To 
improve AKI awareness, we implemented these criteria as an electronic alert (e-alert), in our electronic health record 
(EHR) system.

Methods For every new PCr measurement measured in the University Medical Center Utrecht that triggered the 
e-alert, we provided the physician with actionable insights in the form of a memo, to improve or stabilize kidney 
function. Since e-alerts qualify for software as a medical device (SaMD), we designed, implemented and validated the 
e-alert according to the European Union In Vitro Diagnostic Regulation (IVDR).

Results We evaluated the impact of the e-alert using pilot data six months before and after implementation. 2,053 
e-alerts of 866 patients were triggered in the before implementation, and 1,970 e-alerts of 853 patients were triggered 
after implementation. We found improvements in AKI awareness as measured by (1) 2 days PCr follow up (56.6–65.8%, 
p-value: 0.003), and (2) stop of nephrotoxic medication within 7 days of the e-alert (59.2–63.2%, p-value: 0.002).

Conclusion Here, we describe the design and implementation of the e-alert in line with the IVDR, leveraging a multi-
disciplinary team consisting of physicians, clinical chemists, data managers and data scientists, and share our firsts 
results that indicate an improved awareness among treating physicians.
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Introduction
Acute kidney injury (AKI) is a sudden drop in kidney 
function that can develop within a few hours to days 
[1]. AKI incidence has increased over the past years 
and affects more than 20% of hospitalized patient; it, is 
associated with an increased risk of chronic kidney dis-
ease, longer hospital stay and mortality [2]. Despite the 
increased morbidity and mortality, AKI is often under-
recognized and under-documented. Therefore, the abil-
ity to detect AKI episodes can improve outcomes and 
management of these patients, since there is no treat-
ment available apart from reducing the causes (e.g. heart 
failure or infection) and triggers (e.g. administration of 
nephrotoxic medication) [3].

To facilitate (early) diagnosis, multiple guidelines, 
such as the Kidney Disease Improving Global Outcomes 
(KDIGO), have been proposed to provide diagnostic cri-
teria that evaluate changes in plasma creatinine (PCr) 
[4], [5]. However, the KDIGO criteria are not routinely 
applied by physicians, hence AKI is often unrecognized. 
Without awareness and subsequent intervention(s), AKI 
can progress into chronic kidney disease (CKD) and 
require renal replacement therapy, thereby negatively 
influencing patients’ outcomes, costs and quality of live.

To improve AKI awareness, the KDIGO criteria have 
been implemented before as a rule-based algorithm in 
electronic health record systems (EHR) as an electronic 
alert (e-alert) for automated AKI diagnosis. Most algo-
rithms use changes in PCr to alert the treating physician 
via various communication systems (e.g. text message, 
email, message in the EHR system or phone). Several ran-
domized controlled trials (RCT), and before-after studies 
have been conducted to study the clinical value of these 
e-alerts, though with varying results. Haase et al. (2017) 
reviewed 15 studies, both non-RCT and RCTs, and found 
improvements in care processes (e.g. stop of adjustment 
in nephrotoxic medication) and lower mortality in some 
studies [6]. The heterogenous study designs as well as the 

various settings, may be the reason for these conflicting 
results.

Another reason may be the shallow design of the 
e-alert. Haase et al. showed that not all e-alerts pro-
vide concrete treatment recommendations or interrupt 
the treating physician’s routine clinical practice to draw 
attention to the alert. Even though a consensus paper of 
the Acute Dialysis Quality Initiative highlighted the use 
of e-alerts with specific treatment recommendations [7]. 
Moreover, it is unclear how studies designed their e-alert 
and whether this was done in close collaboration with the 
end-users as this may improve the success of an e-alert.

In a multidisciplinary team of clinical chemists, medi-
cal data scientists, data managers and physicians, we 
designed an e-alert for automated AKI diagnosis and 
implemented the e-alert in our EHR system at the Uni-
versity Medical Center Utrecht (UMCU), a tertiary hos-
pital in The Netherlands. By close collaboration within 
a team of professionals, we aimed for three objectives: 
(1) keep the e-alert’s burden as low as possible for both 
stakeholder and end-users; (2) create clinical value for 
patients, and (3) develop and validate the e-alert in line 
with the IVDR. We performed a 6-monts before-after 
study using routine care data to assess both the burden, 
as well as the awareness of treating physicians by study-
ing their actions.

Methods
AKI diagnosis flowchart
We designed a rule-based algorithm for automated AKI 
diagnosis that evaluates the three criteria, regarding 
PCr, adapted from the KDIGO guidelines (Supplemen-
tal Materials Fig. 1). These criteria assess changes in PCr 
as a difference (delta) between a PCr measurement and 
a previous ‘baseline’ PCr. AKI is diagnosed if there is an 
increase in PCr of 26,5 µmol/L within 48h, or an increase 
of 1.5 times ‘baseline’, which is known or presumed to 
have occurred in the previous seven days. Any value in 

Fig. 1 The four different stages of the AKI e-alert signalling cascade. PCr measurements are continuously generated and assessed by the AKI alert flow-
chart what may result into an actionable insight. This insight creates awareness that is turned into an action by the suggestions in the memo, after the 
physician has been alerted via phone and the EHR system. Depending on action taken, the alert may generate value for the patient
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the previous seven days is defined as ‘baseline’ and used 
to compute the ratio with a newly measured PCr. If more 
than one PCr measurement in the past 7 days was avail-
able, the lowest value was used as baseline to determine 
the delta PCr. If a patient did not have a PCr measure-
ment available in the last 7 days, the algorithm selected 
the most recent PCr before the seven days to a maximum 
of one year as baseline [8]. The other two AKI stages 
(AKI stages II and III) were not further defined by the 
algorithm.

AKI e-alert
For every new PCr measurement, the flowchart was 
evaluated by our Laboratory Information System (LIS) 
(GLIMS 9.9.6, Clinisys, Gent, Belgium). When the e-alert 
was triggered, the physician who requested the PCr was 
notified via two ways: (1) the e-alert outcome was sent 
to and presented in our EHR as an additional ‘measure-
ment’ in the laboratory test results page, and (2) a labo-
ratory technician phoned the physician to notify that the 
requested PCr measurement triggered the e-alert. The 
e-alert outcome shown in the EHR (HiX 6.1, Chipsoft 
B.V., The Netherlands, Amsterdam) for the AKI ‘measure-
ment’ was either “positive” or “unable to compute”. No 
outcome was shown when the alert’s outcome was nega-
tive (no AKI). To make the e-alert as actionable as pos-
sible, a text box (memo) was shown when the physician 
hovered with the mouse cursor over the outcome in the 
EHR system (Box 1, Box 2) as shown in Supplementary 
Materials Figs. 2 and 3. The text was mainly adapted from 
the KDIGO guidelines and aligned with our in-house 
work philosophy [9]. In addition, the memo referred to 
the hospital-wide AKI protocol in our hospital’s protocol 

system ‘iProva’ where both AKI in general and the e-alert 
system are explained, as well the definition of nephro-
toxic medication adapted from Ashley et al. (2015) as 
listed in Supplemental Materials Table 1 [10].

When a patient’s PCr measurements generated mul-
tiple e-alerts within one week, only the first AKI epi-
sode would be communicated by phone, yet all would 
be displayed in the EHR. If the patient developed an AKI 
episode one week after the first alert, a laboratory techni-
cian would contact the treating physician again. When a 
patient met the AKI criteria on day 1 and on day 3, with 
a PCr measurement on day 2 that did not trigger the 
e-alert, a laboratory technician would phone the physi-
cian both on day 1 and day 3. The e-alert was shown in 
the EHR system for patients older than 18 years that were 
treated by all departments, except for the dialysis depart-
ment (as per request). In addition, all departments except 
for the dialysis, ICU or COVID-19 wards were phoned 
(as per request by these departments), as patients were 
already under high medical surveillance in these wards.

Co-creation with stakeholders
After we developed the e-alert system, we pitched our 
idea to the laboratory, internal medicine and nephrol-
ogy departments to receive feedback, as well as to ask 
how they wanted to be part of the alerting system. We 
further collaborated with the specialty departments who 
would most likely be phoned for consult after the onset 
of an e-alert, as we mentioned them in the memo text: 
nephrology, internal medicine and the pharmacy. From 
these stakeholder sessions, we gathered input to final-
ize the design phase before starting the implementation 
phase.

Table 1 AKI episode characteristics in the before and after periods. *: AKI episodes filtered based on use of nephrotoxic medication as 
not all patients with AKI were using nephrotoxic medication. Only p-values are shown for outcomes related to awareness

Before
(6th of April 2021 –
5th of October 2021)

After
(6th of October 2021–5th of 
April 2022)

p-
value

Episodes 884 819

Department at start episode
- Emergency department
- Hospital ward
- Outpatient department

147 (13.6%)
492 (45.6%)
245 (22.7%)

184 (18.1%)
463 (45.6%)
172 (16.9%)

PCr follow up within 2 days
- Emergency department
- Hospital ward
- Outpatient department

500/884 (56.6%)
103/147 (70.1%)
344/492 (69.9%)
53/245 (21.6%)

538/819 (65.7%)
155/184 (84.2%)
346/463 (74.7%)
37/172 (21.5%)

< 0.001
0.003
0.11
1.0

Episodes with nephrotoxic medication count(%)

- Emergency department
- Hospital ward
- Outpatient department

83/147 (56.5%)
341/492 (69.3%)
99/245 (40.4%)

107/184 (58.2%)
340/463 (73.4%)
71/172 (41.3%)

Stop medication within 7 days*
- Emergency department
- Hospital ward
- Outpatient department

407/523 (77.8%)
76/83 (91.6%)
288/341 (84.5%)
43/99 (43.4%)

442/518 (85.3%)
100/107 (93.5%)
297/340 (87.4%)
45/71 (63.4%)

0.002
0.83
0.33
0.016
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Implementation and validation phases
As the result of the e-alert was part of diagnostic deci-
sion making, the e-alert classifies as a class B Software as 
a Medical Device (SaMD) according to the IVDR [11]. 
According to the regulation, developed in-house tests 
have to meet both safety and performance requirements, 
and specifically software has to meet development and 
manufacturing requirements. Our lab is compliant with 
the ISO 15189 quality management standard to ensure 
safety and performance. We further verified and vali-
dated our software in line with the IEC 62304 standard 
[12].

To validate the functioning of the flowchart, we per-
formed a risk analysis where we applied the flowchart on 
various PCr measurements to analyse the risks in terms 
of false positives and false negatives, and adjusted the 
system accordingly. Subsequently, we verified the e-alert 
by evaluating whether the implemented code generated 
the expected results by creating ‘shadow’ alerts in the 
background of our LIS system. The complete system was 
tested by extracting all data of the shadow alerts from the 
LIS together with all PCr measurements of patients that 
had at least one e-alert during the validation phase.

Before-after study to assess increase in AKI awareness
We performed a 6-month before-after study to study 
the effect in awareness of the e-alert in our hospital. We 
defined two patient groups by selecting all patients six 
months before (before group 6th of April 2021 to 5th 
of October 2021) and six months after the implemen-
tation date of the e-alert (after group, 6th of October 
2021 to 5th of April 2022). At the end of 2021, patients 
who required intensive treatment were dedicated to the 
COVID cohort. These patients were excluded from the 
analysis (N = 55) as they received different treatment as 
compared to other departments. From 2022 onwards, 
patients with COVID were admitted to “normal” wards, 
and thereby automatically included in our analysis.

As the final version of the e-alert was already imple-
mented in the background of the LIS during the testing 
phase, we could easily identify the patients who triggered 
an e-alert both before the alert was introduced (shadow 
alerts), as well as after (real alerts). For these patients, 
we extracted demographic data, all PCr measurements 
and all administered nephrotoxic medication from the 
Utrecht Patient Oriented Database (UPOD) to assess if 
actions were taken by treating physicians. In brief, UPOD 
is an infrastructure of relational databases comprising 
data on patient characteristics, hospital discharge diag-
noses, medical procedures, medication orders and labo-
ratory tests for all patients treated at the UMCU since 
2004 [13]. PCr was measured by an enzymatic isotope 
dilution mass spectrometry traceable assay on an Atellica 

CH analyzer (Siemens Healthcare Diagnostics Inc., Tar-
rytown, USA).

AKI episode and endpoints
Treating physicians may receive multiple consecutive 
e-alerts for the same patient. Therefore, performing anal-
yses on all e-alerts would not be a valid representation of 
the system as the physician is not phoned when a second 
alert is generated within one week, and may already have 
changed treatment after receiving the first alert. For this 
reason, we focused on the first e-alert and defined this as 
the start of an AKI episode. To investigate whether the 
introduction of the e-alert led to action and awareness, 
we used follow up measurements of PCr within 2 days 
and discontinuation of at least one nephrotoxic medica-
tion within 7 days after the start of AKI episode. Patients 
who did not use any nephrotoxic medication were 
excluded from the second analysis. We also assessed the 
awareness on different levels by stratifying all analyses 
according to sex of the treated patient, hospital depart-
ment (emergency department, hospital ward and outpa-
tient clinic) and specialty of the treating physician. All 
data pre-processing and analyses were performed using 
the R environment (version 4.2.0). p-values were com-
puted with the Chi-Square test, to test between the pro-
portion of AKI episodes that were followed by an action, 
between the before and after period.

Results
Feedback from co-creation sessions
After the co-creation sessions, we assessed the feed-
back and made amendments accordingly to our AKI 
alert signaling system. For example, together with the 
intensive care unit (ICU), we decided to leave out the 
ICU department from being phoned by the laboratory, 
as ICU patients are already under high surveillance. As 
laboratory technicians were concerned about the poten-
tial high number of phone calls they had to make, we co-
decided to add the one-week phone call delay between 
subsequent AKI alerts during the same episode to reduce 
the number of phone calls from the laboratory. These 
changes led to the final version of our alert system as 
described in the Methods section above.

Before and after periods show similar patient and alert 
characteristics
On October 6, 2021, we implemented the e-alert in our 
EHR system. For both the before and after periods, we 
found a similar number of patients for whom the e-alert 
triggered at least once (866 and 853 respectively), and a 
comparable number of alerts (2,053 and 1,970 respec-
tively). Comparing the two periods, patients were of 
similar age on the day of the first alert (60.3±16.3 vs. 
60.0±16.8), and the percentage of women was also 
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similar (46.8% vs. 45.7%) (Supplemental Materials 
Table 2). Sixty-three patients were included in both peri-
ods. We found similar patient characteristics of the AKI 
episodes in terms of clinical department of the treating 
physician. After removing the AKI episodes of patients 
admitted to the ICU or COVID-19 cohort, 884 AKI epi-
sodes in the before period, and 819 episodes in the after 
period remained. Of all 819 episodes in the after period, 
only once the laboratory technicians did not phone the 
physician. The turnaround time of PCr in the laboratory 
was under 60 minutes. Time between PCr measurements 
and subsequent phone call was on average within an hour 
(median of 12 minutes).

Improved awareness in the after period
In total, the e-alert generated 16 phone calls from the 
treating physician to the internal medicine department 
in the after period to ask for treatment advice, the phar-
macy was phoned once. We found a higher percentage 
of 48h PCr follow up in the after period as compared to 
the before period, 65.7% and 56.6%, respectively (p-value: 
<0.001) (Fig.  2; Table  1). When focusing on hospital 
departments, both the emergency department and hos-
pital wards showed an increase in PCr follow up within 
2 days between the before and after groups, from 70.1 to 
84.2%, (p-value: 0.003) and from 69.9 to 74.7% (p-value: 
0.110), respectively (Table  1). The percentage of fol-
low up was similar for the outpatient clinics before and 
after implementation of the e-alert; 21.6% and 21.5%, 
respectively (p-value: 1.0) (Table 1). Overall, we observed 
an increase in PCr follow up when comparing treat-
ing specialties regardless of hospital department (emer-
gency department, hospital wards and outpatient clinics) 
(Fig. 3). By stratifying for sex, we saw a small follow up 

increase in men (62.3 vs. 69.6, p-value: 0.024) and a larger 
increase in females (50.2% vs. 60.9%, p-value: 0.003).

Of all e-alerts in the before and after periods, 523 
(59.2%) and 518 (63.2%), respectively, were related to 
patients who received nephrotoxic medication at the 
start of an AKI episode. We observed a trend towards 
nephrotoxic medication that was stopped within seven 
days throughout the hospital (77.8% vs. 85.3%, p-value: 
0.002) and also within the three hospital departments; 
ED (91.6–93.5%, p-value: 0.83), hospital wards (84.5–
87.4%, p-value: 0.33) and outpatient clinics (43.4–63.4%, 
p-value: 0.016). We did not observe a difference between 
specialty departments (Fig. 4). We found an increase for 
both males (81.4–85.8%, p-value: 0.186) as well as females 
(73.1–84.7%, p-value: 0.004), when comparing the num-
ber of stopped nephrotoxic medication within seven days 
between the before and after periods.

Discussion
With a multi-disciplinary team, we developed an e-alert 
to detect AKI in patients who visit the UMCU. We 
designed an “actionable insight” consisting of a flowchart 
to automatically diagnose AKI according to KDIGO 
guidelines in our LIS, as well as an alert system with 
text in the EHR a phone call by our laboratory techni-
cians and a link to the hospital wide AKI protocol. By 
co-creating with different stakeholders and end-users, we 
received valuable feedback with which we improved our 
alerting system to further foster AKI awareness. Further-
more, we designed, implemented and validated our sys-
tem according to the new IVDR norms. The results show 
increased awareness and action of active intervention in 
clinical practice across the hospital in terms of 2 days PCr 
follow up and stop of nephrotoxic medication within 7 
days after the start of the AKI episode.

Fig. 2 Percentage of AKI alerts per week that have been followed up with a PCr measurement within 48h between the before (6th of April 2021–5th 
of October 2021) and after period (6th of October 2021–5th of April 2022). The blue dashed line represents a 3-week moving average. The vertical line 
denotes the introduction of the AKI alert 6th of October, 2021
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To our knowledge, this is one of the few studies that 
describes a methodology of co-designing an e-alert for 
automated AKI diagnosis. Though there are several 
examples of other e-alerts that have been investigated, 
either in before-after studies or RCTs, only a small por-
tion actually specifies the design and implementation of 
the e-alert [6, 14]. For example, the development of the 
National Health Service AKI alerting system had a simi-
lar, but nation-wide approach, by first discussing the need 
of an AKI e-alert during the UK Acute Kidney Injury 
Consensus Conference. This was followed by a rigorous 
exploration to scope the feasibility, by talking to various 
professional organizations and stakeholders, including 
LIS, laboratories and physicians [15]. This AKI alerting 
system is still in place, what may hint that collaboration 
leads to better foundation for the introduction, adoption 
and subsequent success of an alerting system.

When comparing e-alerts systems that are based on 
the KDIGO guidelines, two major elements stand out: 
the definition of baseline PCr and the type of alert. In 
line with our previous research, we defined baseline for 
patients without a baseline PCr measurement in the pre-
vious seven days, as the most recent value within 7 to 365 
days [8]. This may have introduced false positives as an 
older PCr measurement may not be a good representa-
tion of the patient’s baseline. Even though, we found that 
the majority of e-alerts were based on baseline values 
from the previous seven days (3,189 of the 4,023 alerts, 
79.3%). When compared to other e-alert designs, such 
as a pop up in the EHR or a clinical response team, we 
decided to phone the treating physician when the alert 
was triggered to stimulate the physician to inspect and 
adhere the KDIGO suggestions as shown in the EHR 
memo [16, 17]. As this is already part of our hospital’s 

Fig. 3 PCr follow up within 48h per treating specialty between the before (6th of April 2021–5th of October 2021) and after period (6th of October 
2021–5th of April 2022). The horizontal bars visualise the percentage of AKI alerts that had a PCr follow up within 48h. Numbers in the boxes indicate how 
many times an alert had a PCr follow up, with respect to the total alerts per treating specialty (followed-up/total)
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system and work philosophy, where the laboratory com-
municates measurement results to the treating physician 
when exceeding predefined critical limits, our notifica-
tions were low-cost, practical to implement and kept 
the burden for both the laboratory and physicians to a 
minimum.

The development and validation of an e-alert in line 
with the IVDR regulation has not been widely shared in 
literature. As the IVDR has come into effect as of May 
2022, every new in-house developed SaMD, such as our 
e-alert, should adhere to this regulation. We experienced 
that close collaboration within a multi-disciplinary team 
is key for the development and awareness of an e-alert 
[12]. As a result, every stakeholder was fully aware of 
the system’s functioning and its role within the sys-
tem what reduced the risk for the patient. Moreover, by 
incorporating co-creation with stakeholders during the 

design phase, we were able to further shape our action-
able insight according to feedback from other stakehold-
ers. This augmented the functioning of the system and 
was useful for further adoption of the diagnostic support 
tool. By doing this, we continuously evaluated the ratio 
between the burden for both stakeholders and end-users, 
as well as the clinical value for patients.

After the launch of the alert, we observed 16 phone 
calls from the treating physician to the internal medicine 
department related to the alert over a six months’ time 
period. This number was only marginal compared to the 
total number of alerts in this period (N = 1970). On one 
hand, it showed awareness by physicians as suggested in 
the alert’s text. On the other hand, the nephrology and 
internal medicine departments did not experience addi-
tional burden after the alert’s implementation. We only 
registered the phone calls to the internal medicine and 

Fig. 4 Nephrotoxic medication stopped within 7 days per treating specialty between the before (6th of April 2021–5th of October 2021) and after period 
(6th of October 2021–5th of April 2022). This figure only represents those patients who were using nephrotoxic medication at the start of the AKI episode. 
Numbers in the boxes indicate for how many alerts, at least one nephrotoxic medication was stopped per patient that had a PCr follow up, as compared 
to the total alerts per treating specialty
Box 1: memo text as shown in our EHR system when the AKI alert identified the patient as having AKI
According to the KDIGO guidelines, this patient has acute kidney injury (AKI)
Follow up the kidney function
Be aware of the use of nephrotoxic medication and consider changing medication dosage. If necessary, please contact the pharmacist (phone number)
For questions about kidney function deterioration, consider consult with the internal medicine (phone number) or nephrology department (phone number)
For more info, please find the AKI-alert document in our iProva system
Box 2: memo text as shown in our EHR system when the patient did not have a baseline PCr measurement
Not able to evaluate according to the KDIGO guidelines due to no available PCr measurement in the previous 365 days
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pharmacology departments, and not to the nephrology 
department. Overall, these departments did not experi-
ence additional burden related to the alert, although a 
follow up qualitative research on this aspect may pro-
vide more specific insights. However, we did not have a 
baseline of phone calls from the treating physician to the 
internal medicine department from the before period to 
make a good comparison in the number of phone calls 
related to AKI between both periods.

Though easily accessible and available, performing 
analyses on routine care data comes with many draw-
backs that may weaken our findings [18]. As we did not 
have access to PCr values that were measured outside our 
hospital, we may have missed PCr follow up either before 
or after hospital visits, which may also be an explanation 
for the low numbers of follow up in the outpatient clinic. 
Likewise, we did not have information on medication use 
prescribed by other care providers which may also be 
an explanation for the low numbers of follow up in the 
outpatient clinic. Likewise, we did not have information 
on medication use prescribed by other care providers 
outside our hospital which may explain the differences 
between the in- vs. outpatient settings. Though, the 
medication use of patients admitted to our hospital and 
patients who visit the outpatient clinic is assessed by the 
medical professional.

Even though we observed some interesting changes in 
clinical care that are in line with the introduction of the 
e-alert, our before-after pilot study was only based on six 
months data. The before period was during summer and 
the after period during winter, which may have induced a 
seasonal effect. Moreover, in the winter of 2022 there was 
a steep increase in the number of COVID-19 patients in 
the province of Utrecht. Even though, the patients’ char-
acteristics of the before and after period were alike and 
COVID-19 patients who were admitted to the COVID 
ward were excluded from the analysis (N = 55), the pan-
demic may have affected the standard practice in our 
hospital as COVID-19 in general disrupted our health-
care system.

As a follow up to this pilot study, we are interested in 
the experience of physicians working with the e-alert and 
may make additional changes to our design accordingly. 
Following the signalling cascade (Fig.  1), the next step 
would be to compare patients’ clinical outcomes, such 
as hospital length of stay and mortality, which warrants 
using a longer follow up period. Moreover, extending the 
range of available data may reduce both seasonal effects 
as well as the effect of COVID-19. As the KDIGO crite-
ria do have limitations and the nephrology community is 
continuously extending their understanding of AKI and 
best practices, we may update our design accordingly 
when new guidelines are defined, while preserving IVDR 
compliancy [19, 20]. For example, additional diagnostic 

biomarkers for a more accurate diagnosis and AKI sub-
phenotyping, when proven, might be added to the memo 
text as a suggestion to improve the determination of 
cause and prognosis [21].

Here, we shared both our experience as well as the 
steps for the design, implementation and validation 
phase of our e-alert in line with the IVDR regulation. We 
found that close collaboration within a multi-disciplinary 
team and further co-creation with a large group of stake-
holders are major prerequisites for both the develop-
ment as well as the implementation success of an e-alert. 
Though we share our blueprint for the development of a 
in house-made SaMD e-alert system, each e-alert should 
be tailored to the local site depending on work philoso-
phy and protocols that are already in place followed by a 
validation and verification according to the local quality 
management systems and development protocols. More-
over, continuous internal evaluation is required to make 
changes to the system to keep the burden for care givers 
as low as possible while maximizing the clinical value for 
patients.
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