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ABSTRACT

Background. Acute intoxication-type inborn errors of metabolism (IEMs) present significant challenges in 
pediatric care. Prompt recognition and appropriate management are essential to prevent serious complications 
and reduce mortality. Recent studies increasingly highlight the use of quick response (QR) code-based tools 
to facilitate rapid intervention, particularly in emergency departments and primary healthcare settings. In 
this study, the effectiveness of a newly developed QR code-based algorithm, designed to support the accurate 
recognition and effective management of acute intoxication-type IEMs and, indirectly, to reduce sequelae and 
mortality, was evaluated for the first time.

Methods. This study included 113 pediatric residents from two centers, one with (Group 1, n=77) and one 
without (Group 2, n=36) a mandatory pediatric metabolism rotation. All participants completed a scenario-
based simulation with 10 clinical questions on a standardized patient case of acute intoxication-type inborn 
errors of metabolism, both before and after using the QR code-based algorithm. The algorithm, developed in 
accordance with international guidelines, was accessed via mobile devices. Pre- and post-intervention responses 
were compared using appropriate statistical tests. The effectiveness of the QR code in guiding the management 
of a simulated patient was analyzed. 

Results. Of the participants, 73 (64.6%) were female and 40 (35.4%) male; the median age was 28.0 years. Forty-
two residents (37.2%) had previous experience in a pediatric metabolism unit. Correct identification of urgent 
treatment increased from 77.9% to 97.3% (p<0.001). Preliminary diagnosis improved from 79.6% to 88.5% 
(p=0.050). Only 0.9% initially selected the correct treatment sequence versus 81.4% post-intervention (p<0.001). 
Hemodialysis decisions improved from 81.4% to 95.6% (p<0.001). Satisfaction was high, with 92.0% assigning 
an average score of 93.3/100.

Conclusion. Considering the limited knowledge of rare diseases among physicians, scenario-based simulation 
training and the widespread use of QR code-accessed algorithms in emergency departments appear essential to 
improve outcomes in patients at risk of severe complications.
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Healthcare services are continuously 
evolving in line with technological advances, 
and digitalization is at the forefront of this 
transformation. Quick Response (QR) codes 
have become a vital tool facilitating the 
storage, sharing, and accessing of information, 
supporting numerous applications in the 
healthcare sector.1-3

QR codes have a broad range of applications 
in the provision of healthcare education 
and services, and have been employed in 
numerous areas to date, such as medical 
school student training4, resident physician 
training in emergency departments5, the 
provision of evidence-based care to newborns 
and mothers in emergency departments6, 
the expediting of consent processes in 
emergency departments7, the management 
of emergencies such as anaphylaxis8,9, in 
family medicine residency clinics1, facilitating 
pharmacy service operations10, COVID-19 
pandemic management11 and health profile 
card creation, while also providing access to 
healthcare and educational services for those 
with disabilities.8,12 The advantages of QR code 
systems in these areas have been reported, 
along with their efficacy in enhancing various 
healthcare processes.

Inborn errors of metabolism (IEMs), although 
individually rare, collectively represent a 
significant group of disorders. Awareness-
raising activities to highlight inborn errors of 
metabolism are organized worldwide, and 
physicians receive both pre-graduate and 
post-graduate training to ensure the proper 
management of patients.13 In acute intoxication 
type IEMs, such as organic acidaemia, maple 
syrup urine disease, urea cycle disorders, and 
fatty acid oxidation defects, sequelae or death 
may occur if acute attacks are not managed 
correctly.14,15 The rapid initiation of disease-
specific treatment, which these patients require, 
can be lifesaving.16 Therefore, the widespread 
adoption of technologies such as QR codes, 
which have the potential to facilitate patient 
management and expedite treatments in 
emergency departments, may play an important 
role.

The current literature includes only a limited 
number of studies examining the use of QR 
code-based algorithms for the management 
of patients with IEM, A study in the United 
Kingdom has put forward recommendations 
for both patients and healthcare professionals 
related to the management of metabolic 
emergencies such as hyperammonaemia. These 
are based on Royal College of Paediatrics and 
Child Health17 and British Inherited Metabolic 
Disease Group18,19 guidelines, in which the 
emphasis is on acting swiftly to save lives.

This study evaluates the effectiveness of a QR 
code-based algorithm developed in Pediatric 
Metabolism Department, designed to aid in 
the accurate recognition, management, and 
reduction of sequelae and mortality risks 
associated with acute intoxication-type IEMs—
such as urea cycle disorders, organic acidaemias, 
maple syrup urine disease, and fatty acid 
oxidation defects—across all levels of care, from 
primary to tertiary. To achieve this, pediatric 
residents from two centers, one with and one 
without a pediatric metabolism department, 
were included. Responses to patient scenario 
questions were analyzed both before and 
after their exposure to the QR code algorithm, 
considering whether they had completed a 
rotation in a pediatric metabolism department. 
This approach allowed us to assess both the 
general applicability of the algorithm and its 
utility in different training environments.

Materials and Methods

Included in the study were pediatric residents 
who were assigned to two groups, with Group 
1 comprised of residents from the Ankara 
University Faculty of Medicine Department of 
Pediatrics, in which a metabolism rotation is 
included as part of pediatric training, and Group 
2 comprising residents from the Gazi Yaşargil 
Training and Research Hospital Department 
of Pediatrics, in which the training does not 
include a metabolism rotation. Pediatric 
residents in Group 1 are required to undergo 
mandatory foundational pediatric metabolism 
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training, as stipulated by university regulations, 
and this training is assessed through an annual 
examination. The basic characteristics of the 
respondent residents, including age, gender 
and details of their pediatric training, were also 
recorded. 

A total of 113 residents participated in the 
study, including 77 residents from the Ankara 
University Faculty of Medicine Department 
of Pediatrics (Group 1) and 36 residents from 
the Gazi Yaşargil Training and Research 
Hospital Department of Pediatrics (Group 
2). All residents participated in a Scenario-
Based Patient Simulation in which they were 
presented with 10 questions (Supplementary 
Materials) related to acute intoxication-type 
IEM. The baseline information for this scenario 
included the neonatal history, consanguinity 
status, sibling history, presenting complaints, 
clinical progression, and physical examination 
findings of each case. Prior to applying the QR 
code-based algorithm, all residents answered 
the same 10 questions related to each case based 
on their prior knowledge, and subsequently 
answered the same 10 questions after accessing 
the QR code-based algorithm (Fig. 1). Of the 10 
questions, eight were multiple choice questions, 
while two were open-ended. The responses to 
the open-ended questions were categorised as 
correct, incorrect, incomplete, or unanswered. 
Pediatric residents utilized the hospital internet 
or their personal mobile internet for access to 
the QR code. During the time each participant 
answered the scenario questions, one of authors 
was present alongside them at both centers, and 
the questions were presented to the participants 
one at a time. This ensured that returning to and 
modifying previous questions were prevented.

This algorithm was devised taking into account 
the most common acute intoxication-type 
IEMs, such as urea cycle disorders, organic 
acidaemia, maple syrup urine disease and 
fatty acid oxidation defects. The algorithm 
steps (Fig. 1) were developed by the Ankara 
University Faculty of Medicine Department of 
Pediatric Metabolism based on international 
guidelines, reviews and clinical experience.16,20-25 

For the creation of the QR codes, a web-based 
“QR-Code Generator”26 was utilized. The 
pediatric residents participating in the study 
accessed the disease management protocol in 
one step by scanning the QR code using their 
mobile phones, tablets, or computer cameras.

In the descriptive analysis of the data, 
mean±standard deviation was used for 
continuous variables with a normal distribution, 
median (25th and 75th percentiles, Q1-Q3) for 
variables with a non-normal distribution, 
and percentages for categorical variables. For 
comparisons of two groups, between-group 
differences in the means of the groups were 
analysed with a t-test, and differences in median 
values were analysed with a Mann-Whitney U 
test. When comparing percentages, Pearson’s 
chi-square or Fisher’s exact tests were used for 
independent variables, while the McNemar 
test was employed for dependent variables. A 
p-value less than 0.05 was considered statistically 
significant for all analyses. IBM SPSS Statistics 
for Macintosh (Version 22.0. Armonk, NY: IBM 
Corp.) was used for the analysis of data. 

This study was approved by the Institutional 
Review Board (IRB) of Ankara University 
Faculty of Medicine Ethics Committee (Date: 15 
February 2024, Number: İ02-117-24)

Results 

Of the residents, 73 (64.6%) were female, and 
40 (35.4%) were male, and the median age of 
the residents was 28.0 years (26.0–31.0) and the 
median duration of residency was 1.5 years 
(1.0–3.0). Among the residents, 42 (37.2%) had 
previously worked in the pediatric metabolism 
department of their institution, while three 
had worked in a metabolism department 
during external rotations, due to the lack of a 
metabolism department in their institution. 
Furthermore, 83 residents (73.5%) had worked 
in a pediatric emergency department, 83 
(73.5%) in a pediatric intensive care and 82 
(72.6%) in a neonatal intensive care department 
(Table I). 
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Of the total, 108 (95.6%) of the residents 
accurately identified the initial tests to be 
performed upon the patient’s first presentation, 
and the QR code directive did not support any 
significant changes in the initially requested 
tests. Information on respiratory alkalosis, 
hyperammonaemia and hypoglycaemia was 
provided alongside the patient’s laboratory 
results, and the QR code-based algorithm 
presented differential flowcharts to be applied 
for different acute intoxication-type IEMs, 
including fatty acid oxidation defects, urea 
cycle disorders, organic acidaemia and maple 
syrup urine disease (Fig. 1). One of the scenario 
questions focused on the identification of the 
priority initial treatment to be administered 

before proceeding with a differential diagnosis 
based on the provided laboratory information. 
Of the total, 88 residents (77.9%) before access to 
the QR code-based algorithm and 110 residents 
(97.3%) after access gave correct responses to the 
question (p<0.001), and a comparable difference 
was noted in both groups (respectively, Group 
1 after accessing QR code vs. before accessing 
QR code: 80.5% vs. 97.4%, p<0.001; Group 2 
after accessing QR code vs. before accessing QR 
code: 72.2% vs. 97.2%, p=0.004). The residents 
were then asked about the appropriate actions to 
take upon the development of hyperglycaemia 
in the patient (blood sugar 340 mg/dl), with 
some incorrect options available for selection, 
such as reducing the rate of glucose infusion 

Table I. Baseline characteristics of participants.
Total 

(n=113)
Group 1 
(n=77)

Group 2 
(n=36)

Resident Age, years
Median 28.0 27.0 31.0
(min-max) 24.0-46.0 24.0-41.0 24.0-46.0
[25th-75th] 26.0-31.0 26.0-29.0 27.0-35.0
Mean (Standard deviation) 29.1 (4.2) 27.8 (2.9) 31.8 (5.2)

Gender, n (%)
Female 73 (64.6) 63 (81.8) 10 (27.8)
Male 40 (35.4) 14 (18.2) 26 (72.2)

Duration of Residency, years 
Median 1.5 1.5 1.9
(min-max) 0.1-4.5 0.1-4.5 0.1-3.5
[25th-75th] 1.0-3.0 1.0-3.0 0.5-2.5
Mean (Standard deviation) 1.7 (1.2) 1.8 (1.2) 1.7 (1.1)

Previously Worked in a Metabolism Department? n (%)
Yes 42 (37.2) 39 (50.6) 3 (8.3)
No 71 (62.8) 38 (49.4) 33 (91.7)

Previously Worked in a Pediatric Emergency Department?
Yes 83 (73.5) 61 (79.2) 22 (61.1)
No 30 (26.5) 16 (20.8) 14 (38.9)

Previously Worked in a Pediatric Intensive Care Department? n (%)
Yes 83 (73.5) 57 (74.0) 26 (72.2)
No 30 (26.5) 20 (26.0) 10 (27.8)

Previously Worked in a Neonatology Department? n (%) 
Yes 82 (72.6) 55 (71.4) 27 (75.0)
No 31 (27.4) 22 (28.6) 9 (25.0)
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or reducing the rate of dextrose infusion, both 
of which can lead to increased catabolism. Of 
the total, 64 residents (56.6%) answered the 
question correctly without using the QR code-
based algorithm, whereas 104 residents (92.0%) 
answered correctly after accessing the QR code-
based algorithm flowchart recommendations 
(p<0.001). The correct answer was to initiate 
insulin – an important step in increasing 
anabolism, and the contribution of the QR code-
based algorithm to the correct identification 
of this crucial treatment step was observed in 
both Group 1 and Group 2 (respectively, Group 
1 after accessing QR code vs. before accessing 
QR code: 58.4% vs. 93.5%, p<0.001; Group 2 
after accessing QR code vs. before accessing QR 
code: 52.8% vs. 88.9%, p=0.002).

Of the total, 90 residents (79.6%) were able 
to determine a preliminary diagnosis for 
the scenario patient based on their existing 
knowledge, and this rate increased to 88.5% with 
QR code-based algorithm assistance (p=0.050). 
The residents not only considered the possibility 
of urea cycle disorders in the patient, but also 
took action to prepare for emergency treatments 
aimed at reducing ammonia levels, such as 
sodium benzoate and sodium phenylacetate, 
considering the advice received from the QR 
code-based algorithm. After being instructed 
to place treatment orders for the patient, only 
one resident (0.9%) provided the correct order 
without the QR code-based algorithm, while 
the use of the QR code-based algorithm resulted 
in 92 residents (81.4%) providing complete and 
accurate treatment orders with correct dosages 
(p<0.001). 

When the hyperammonaemia persisted 
(ammonia: 680 μmol/L), despite the 
administration of ammonia-lowering 
treatments, and emergency haemodialysis was 
deemed necessary, the residents were asked 
for treatment recommendations. Of the total, 
92 residents (81.4%) made this critical decision 
based on existing knowledge, and the number 
increased to 108 (95.6%) after accessing the QR 
code-based data, demonstrating a significant 
improvement (p <0.001). The benefit of the QR 

code-based algorithm in critical haemodialysis 
decision-making was found to be greater 
among the residents of the centre with a 
metabolism department (respectively, Group 1 
after accessing QR code vs. before accessing QR 
code: 81.8% vs. 97.4%, p <0.001).

When asked about the specific metabolic tests 
to be requested to support a diagnosis, Group 1 
residents answered correctly at a rate of 80.5% 
based on their existing knowledge, whereas 
Group 2 residents answered correctly at a rate of 
69.4%. The QR code-based algorithm increased 
the correct response rate for the tests to be 
requested among all residents in both groups, 
from 77% to 90.3% (p=0.001). It was noted that 
the QR code-based algorithm was beneficial to 
both groups in terms of identifying the routine 
tests to be requested during subsequent follow-
up visits (respectively, Group 1 after accessing 
QR code vs. before accessing QR code: 79.2% 
vs. 97.2%, p<0.001; Group 2 after accessing 
QR code vs. before accessing QR code: 
72.2% vs. 97.2%, p=0.004). The final question 
regarding the scenario patient, who was born 
to a consanguineous marriage, concerned 
recommendations for future pregnancies. 
While 83% of the residents provided the correct 
information for genetic counselling, this number 
increased to 91.2% following the QR code-based 
algorithm recommendations (p<0.001).

When asked about their satisfaction with the 
QR code-based algorithm application, 104 of 
the residents (92.0%) reported being satisfied, 
assigning it an average score of 93.3 out of 100 
(Table II).

Discussion 

The QR code-based algorithm applied 
in the present study was found to be 
successful in correctly identifying life-saving 
recommendations for the management of 
acute intoxication-type inborn errors of 
metabolism. In metabolic emergencies such 
as hyperammonaemia, which are rare but 
pose a high risk of complications within 
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hours, physicians easy access resources in the 
absence of sufficient experience or knowledge 
contributed significantly to effective patient 
management and addressed the urgent time-
sensitive nature of treatment.

Medical training focuses on common diagnoses 
and treatments, but this study explored acute 
intoxication-type inborn errors of metabolism, a 
rare condition. Many physicians lack knowledge 
of rare diseases, leaving them unprepared to 
manage such cases.27 Studies show over 90% of 
physicians lack knowledge of rare conditions, 
with less than 5% confident in managing them. 
Over 75% believe curricula should include 
more training on diagnosing and managing 
rare diseases.27 Delays in diagnosing rare 
conditions significantly affect survival, with 
research showing that insufficient physician 
knowledge increases complications and 
mortality.28 These findings suggest that there is 
a need to disseminate educational materials on 
rare conditions, both during medical education 
and in postgraduate training.27,29-31

Providing access to digital databases through 
such tools as QR code applications, and thus 
providing easy access to such data as educational 
materials, algorithms and guidelines, could 
contribute to a transformative strategy for the 
more effective management of emergencies 
related to rare conditions.27,32

Diagnosing rare conditions is challenging for 
non-specialist physicians, as they often require 
distinguishing overlapping symptoms and 
specialized tests.33 While numerous guidelines 
exist in literature for the diagnosis and treatment 
of rare diseases, physician awareness and easy 
access to these guidelines are crucial for the 
effective management of these conditions.8,34 
For physicians outside the field of rare diseases, 
quickly accessing resources and managing 
emergencies can be challenging. This study 
used a urea cycle disorder scenario, asking 
residents to diagnose based on findings like 
respiratory alkalosis, hyperammonaemia, and 
low urea using a QR code-based algorithm. 
The algorithm significantly improved pediatric 

residents’ diagnostic abilities and their ordering 
of crucial metabolic tests for higher-level 
referrals.

In urea cycle disorders, the priority is to stop 
catabolism, which raises ammonia levels. This is 
achieved by halting protein intake and initiating 
high-glucose intravenous hydration.16,35 
Approximately three-quarters of the pediatric 
residents participating in our study were able 
to initiate this critical treatment based on their 
existing knowledge, while nearly all residents 
were able to do so after accessing the QR-code 
application. In response to the open-ended 
question, “Please provide medication orders 
for the patient,” only one resident physician 
was able to respond correctly before accessing 
the QR-code application but was a senior 
resident with previous experience in a centre 
with a metabolism department who completed 
rotations in the neonatal and intensive care units, 
and who had been involved in the management 
of numerous metabolic patients. Following 
the use of the QR code application, more than 
three-quarters of the residents correctly and 
comprehensively answered the medication 
order question, highlighting the contribution 
of the QR code algorithm to both the diagnosis 
and initial treatment processes.

Another crucial life-saving recommendation 
in our scenario relates to extracorporeal 
detoxification decisions (such as haemodialysis). 
Authors generally agree on the importance of 
the early initiation of haemodialysis.36,37 In the 
sixth step of our scenario, despite the initiation 
of ammonia-lowering treatments, the patient’s 
ammonia level was measured at 680 μmol/L. 
After accessing the QR code-based algorithm, 
the respondent physicians were able to make a 
prompt hemodialysis decision. It was observed 
that pediatric residents trained in centres with 
pediatric metabolism departments were able to 
make more effective decisions related to dialysis 
after accessing the QR code-based algorithms. 
In contrast, in the centre without a pediatric 
metabolism department, although there was 
an increase in the rate of dialysis decisions 
after accessing the QR code-based algorithms, 
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the difference was not statistically significant. 
The small number of participants in Group 2 
is a significant limitation of the present study 
and increasing the sample size may yield more 
accurate evidence-based results.

After stabilizing and managing the acute 
episode in patients, it is essential to ensure they 
are referred to specialized centers with third-
level pediatric metabolism departments for 
comprehensive long-term care. These centers 
are equipped to provide the multidisciplinary 
expertise required for the ongoing management 
of metabolic disorders, including tailored 
treatment plans, dietary adjustments, and 
monitoring for potential complications. By 
including these referral steps in the algorithm, 
the goal is not only to guide resident physicians 
through the immediate management process 
but also to emphasize the importance of 
continuity of care. This approach aims to 
enhance the residents’ understanding of the 
broader, long-term needs of metabolic patients 
and foster awareness of the critical role that 
specialized care plays in improving patient 
outcomes. Our observations indicate that 
the QR code-based algorithm enhanced the 
education and awareness of resident physicians 
of the required tests during follow-up, as well 
as recommendations for future pregnancies. 
Genetic counselling based on detailed family 
information should be provided by an expert, 
as a crucial intervention.38 In Türkiye, with a 
consanguinity rate of 21%, they should consider 
that rare diseases inherited in an autosomal 
recessive manner may be more common than 
expected. Sharing scientific information with 
families at every stage in the prevision of 
healthcare services can play a crucial role in 
fostering healthier future generations.39

The digitalization of medical education and 
hybrid learning models have rapidly advanced 
worldwide, accelerated by the COVID-19 
pandemic, familiarizing healthcare students 
and professionals with these methods.40 Studies 
show that new-generation physicians quickly 
adapt to digital materials, preferring softcopy 
resources on devices for their portability 

and information accessibility over hardcopy 
materials40-42 In the present study, the satisfaction 
levels of the resident physicians regarding the 
QR code-based algorithm were investigated, 
and nearly all reported being satisfied, giving 
very high ratings. This pioneering study in the 
field of rare conditions suggests that raising 
awareness among physicians and assisting them 
in the management of patients with life-saving 
critical interventions through this method can 
be considered a highly effective approach.

This preliminary study evaluates the use of 
a QR code and algorithm-based material for 
simulating patient management by pediatric 
residents, though with limitations. The design 
does not compare the QR code to a printed 
algorithm, and success depends on the 
combined material rather than the QR code 
alone. The authors suggest such algorithms 
could aid pediatric emergency management 
of IEM patients, given the difficulty of quickly 
accessing guidelines and literature. While 
simulation questions align with the algorithm 
and are multiple-choice, real-life cases are more 
complex. This study, while requiring further 
refinement for real-world application, offers a 
foundation for developing new digital tools.

The reason for dividing the residents into 
groups in our study is that participation was 
from two different centers, and the most 
significant distinction between these two centers 
is the presence or absence of a metabolism 
department. Working as a resident in a center 
with a metabolism department allows for 
certain experience with metabolic diseases 
through multidisciplinary patient management 
in other departments, even if the residents have 
not yet completed their metabolism rotation. 
We believe that the residents from these two 
centers have different levels of awareness and 
background knowledge regarding metabolic 
diseases. For this reason, we aimed to compare 
the two centers. However, the number of 
metabolic patients encountered by each resident 
is not the same. Therefore, as a subgroup 
analysis, we created subgroups of residents 
who had completed and not completed a 
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rotation in the metabolism department. 
Another limitation of our study is that not all 
pediatric residents working in centers with 
a pediatric metabolism department have 
completed their metabolism rotation. However, 
due to frequent consultations that occur when 
they rotate through pediatric emergency, 
pediatric intensive care, neonatal intensive 
care, or other departments, they are generally 
well-versed in the approach to metabolic 
patients. The percentages for rotations in these 
departments are high as shown in Table I. 
Moreover, residents are required to undergo 
mandatory foundational metabolism training, 
assessed through an annual examination. 
Although they have not completed the 
rotation, the infrastructure of the center means 
that residents are accustomed to managing 
metabolic patients. Nevertheless, it can be 
discussed as a limitation that not all residents 
in Group 1, where the center has a metabolism 
department, have completed their metabolism 
rotation. Another significant limitation of our 
study is that the difficulty and quality levels of 
each question vary, and a discrimination index 
could not be calculated. For this reason, rather 
than creating a total score for all questions, each 
question was assessed based on its individual 
accuracy percentages. Nevertheless, future 
studies that can evaluate question quality and 
discrimination indices would be invaluable for 
assessing this algorithm. 

Our algorithm, based on seven international 
guidelines, reviews, and clinical experience, 
requires further development and study. 
As a preliminary example, it tested a QR 
code-integrated homemade algorithm. Since 
pediatric residents mostly encounter common 
diseases, rare disease algorithms may mislead 
without proper training. Therefore, QR codes 
must be paired with detailed training before 
use on real patients. This study provides only 
preliminary findings.

In conclusion, the digitalization of our world 
is transforming the nature of educational 
materials accessed by resident physicians. There 

is a global preference for resources that are 
easily transportable and quickly accessible, and 
that provide the right amount of information 
needed. Considering the inadequate knowledge 
of physicians of rare conditions, we believe 
that scenario-based patient simulation training 
and the widespread adoption of QR code-
based algorithms in emergency departments 
are necessary for improving the outcomes of 
patients who may otherwise face mortality or 
significant sequelae. Although the contribution 
to education was not measured during the 
data collection phase due to the design of this 
study, it is believed that further studies of this 
nature could make significant contributions to 
postgraduate and in-service training.
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