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The use of a medical application
improves the diagnosis of acute
kidney injury: A pre-post study
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The use of mobile devices by healthcare providers has transformed many
aspects of clinical practice. Mobile devices and medical applications provide
many benefits, perhaps most significantly increased access to point-of-care
(POC) tools, which has been shown to support better clinical decision making
and improved patient outcomes. In LMICs, where computer-based technology
is limited, the use of mobile technology has the potential to immensely
increase access to point of care tools. In this study, we conducted an
interventional, pre-post study to determine whether the use of a medical
application could help healthcare providers accurately recognize and diagnose
AKI. After preparing 20 clinical vignettes based on AKI cases from our center
Global Snapshot study report, we asked 50 last year medical students to identify
the presence and stage of AKI first without and then with the use of the IRA
SLANH App (IRA SLANH app, Island of the Moon® V.1, 2014; Cochabamba-
Bolivia), which was designed specifically for this study. Before the IRA SLANH
app was introduced, the mean number of correctly identified cases of AKI was
14.7 + 4.7 with a minimum of 3 and a maximum of 20. The stage of AKI was
correctly identified in only 6.7 + 4.4 of the cases. After the app was introduced,
the number of correctly identified and staged cases of AKI was 20. Medical
applications are useful point-of-care tools in the practice of evidence-based
medicine. Their use has the potential to play a very important role in early
identification and classification of AKI, particularly in LMICs potentially allowing
for earlier intervention with preventive and treatment strategies to reverse
kidney injury and improve recovery.

KEYWORDS

acute kidney injury, medical application, serum creatinine, mobile health, smart-
phones

Background

Acute kidney injury (AKI) is a common problem worldwide, affecting over 13 million
people annually and causing 1.7 million deaths (1-3). AKI is caused by a multitude of
etiologies (i.e., nephrotoxic medications, antibiotics, contrast, dehydration, sepsis, heart
failure) and can occur in the hospital or in the community. Hospital-acquired AKI is
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often multifactorial and occurs in patients that have multiple
comorbidities that augment susceptibility to AKI (4-6). In
contrast, community-acquired AKI usually occurs after just
one inciting event, such as a diarrhea or an infectious
illness, and it affects those with fewer comorbidities (6).
Every episode of AKI increases the risk for progression to
chronic kidney disease, end-stage kidney disease, and death
- all of which can lead to diminished quality of life for
patients, higher healthcare costs, and strain on healthcare
systems. More severe AKI translates into a greater risk (3,
4). If identified and managed in a timely fashion, however,
AKI is treatable and reversible, preventing its numerous
burdensome sequelae.

AKI is particularly problematic in low-and-middle-income
countries (LMICs), where rates are significantly higher
compared to high-income countries (HICs) and healthcare
systems are chronically resource-constrained. Nearly 85% of
the world’s cases of AKI occur in low-and-middle-income
countries (LMICs). Despite the fact that most of these
cases are caused by a single preventable insult such as a
diarrheal illness or dehydration, associated morbidity and
mortality is higher (1, 3, 7, 8). This is often a result of the
inability to rapidly diagnose and treat AKI due to inadequate
laboratory facilities, poor knowledge about risk factors for
AKI and its consequences, as well as a dearth of supplies to
aggressively manage AKI. Moreover, AKI more often occurs in
younger patients with fewer co-morbidities, individuals whose
disability from illness potentially renders a significant burden
on society.

Because AKI is treatable and reversible if intervened upon
early, it is important to find innovative ways to mitigate the
burden of unrecognized AKI in LMICs. One potential way to
do this is through using mobile technology (mHealth) to create
point-of-care tools that allow healthcare providers to correctly
recognize, stage, and treat AKI (3). Because mHealth bypasses
the need for computers and Internet - resources which are
often limited or non-existent in LMIC clinical settings - it is a
promising tool to improve access to point-of-care testing and
decision making (9).

In this study, we employed mHealth to help healthcare
providers recognize and classify AKI. We created a Smartphone-
based application (IRA SLANH app, Island of the Moon® V.1,
2014; Cochabamba-Bolivia) to assist with AKI diagnosis, and we
hypothesize that its use would improve both recognition and
classification of AKI.

Abbreviations: POC, point-of-care; sCr, serum creatinine; AKI, Acute
kidney injury; CKD, Chronic Kidney Disease; ESKD, End Stage Kidney
Disease; HICs, high-income countries; LMICs, low- and middle-income
countries; RRT, renal replacement therapy; mHealth, Mobile health;

KDIGO, Kidney Disease: Improving Global Outcomes.
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Methods

The primary objective of this study was to evaluate the
utility of a Smartphone-based mobile application in helping
healthcare providers accurately diagnose and stage AKI. In
order to do this, we conducted an interventional pre-post
study in which last-year medical students from Cochabamba,
Bolivia, were asked to identify the presence and stage of AKI
both with and without the use of the IRA-SLANH application.
The primary outcome was the percentage of medical students
correctly identifying and staging AKI before and after use of
the application.

Hospital Obrero No 2 Caja Nacional de Salud is a
government-run hospital serving essential employees located
in Cochabamba, Bolivia. Using the hospital’s Global Snapshot
Study Report, we identified twenty confirmed cases of AKI by
comparing a baseline SCr to another SCr measurement within
seven days of hospital admission. AKI was defined using the
KDIGO guidelines of a >0.3 rise in SCr within 48h or an
increase in SCr to > 1.5 times baseline occurring within the
last seven days (10). Prior to initiation of the study, approval
by the local ethics committee (Hospital Obrero No 2 - C.N.S,
ethics committee) and written consent to participate from all
participants was obtained. All procedures were in accordance
with the Declaration of Helsinki.

Study participants were selected via convenience sampling.
Any last-year medical student attending Cochabamba’s medical
school was eligible. All available students participated for a
total of 50 students. Clinical vignettes about each of the pre-
identified 20 cases of AKI were prepared (Figure 1). Patient
demographics and risk factors for AKI were included in
the vignettes (Table 1 shows some characteristics of patients
with AKI). The medical students were asked to read the
vignette and identify both the presence and stage of AKI
in each case. After 72h, they were then asked to download
the IRA-SLANH application. The IRA-SLANH application
is unique in that it is one of the few smart-phone based
applications that assist with identifying the presence and stage
of AKI as well as recommended treatment. It is free and
available to all healthcare providers who have a Smartphone.
All information presented in the application is based on the
KDIGO criteria and guidelines of identifying and managing
AKI (10). Figure 2 show the functioning of the application in
greater detail.

After downloading the application, the students were asked
again to identify and stage AKI, and the number of correctly
identified cases and percentage of students identifying all cases
correctly were compared continuous variables were expressed as
the mean 4 SD, or median and interquartile range. Between-
group comparisons of continuous variables were performed
using the independent t-test or Mann-Whitney U test, after
testing for normality using the Kolmogorov-Smirnov test.
Dichotomous variables were compared using chi-square test or
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dentro de los 7 dias previos; Urinario
O...
3. Diuresis = 0.5 mL/kg/h por 6 horas. Calcular Creatinina | Peso del
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Clasificacion de la IRA:
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2 Incremento en <0.5 mL/kg/h = Volumen
2.0a2.9 veces la 12 horas Urinario
basal
3 Incremento en <0.3 mL/kg/h =24 Peso del <
3.0 veces la basal| horas O Anuria = Paciente
O Incremento de 12 horas
creatinina serica u,
- Calculadora Tratamiento Contacto Definicion Tratamiento Contacto Definicion - Tratamiento Contact
Tratamiento Tratamiento
Estadio IRA: 4.- Monitorizar la creatinina sérica y la diuresis
5.- Evitar la hij [ i
Alto Riesgo vitar la hiperglucemia
6.- Considerar alternativas a estudios de imagen que
Factores de riesgo para IRA: _empleen contrastes
Deshidratacion/Hipovolemia * Todo lo anterior més...
- Edad mayor a 75 afios Estadio 1
- Genero femenino 1.- Estudiar las causas de la IRA con estudios no
invasivos
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2.- Considerar estudios invasivos (ej. biopsia renal)
- Enfermedad Renal Cronica
* Todo lo anterior més...
- Diabetes Mellitus
, ) _ Estadio 2
- Enfermedad Cronica Cardiaca, Hepatica, Pulmonar
I R A S l_A N H 1.- Ajustar dosis de medicamentos.
- Neoplasias
2.- Considerar inicio de terapias de reemplazo renal
- Anemia
3.- Considerar admitir al paciente a la unidad de
Pasos: cuidados intensivos
1.- Discontinuar todos los agentes nefrotoxicos -
cuando sea posible Todo lo anterior més...
2.- Conseguir una presion de perfusién adecuada y
euvolemia Estadio 3
3.- C 1.- Evitar colocar catéteres subclavios
FIGURE 1
Different tabs of the IRA SLANH application. (A) The first tab reviews the KDIGO criteria for the definition and stages of AKI (11). (B) The second
tab calculates the presence and stage of AKl according to these guidelines; it uses either the patient’s urine output or a comparison of their
baseline sCr to current sCr. (C) The third tab provides recommendations for clinical management according both to the level of the AKI, also
based on the current KDIGO guidelines (11).

Fisher’s exact test. All statistical analyses were two-tailed and
performed using SPSS 22 software (SPSSFW, SPSS Inc., IBM,
Armonk, NY, USA). The two-sided P < 0.05 was considered
statistically significant.

Results

The most common co-morbidity among patients identified
with AKI in the clinical cases used for this study was diabetes
mellitus (28.2%). Mean baseline serum creatinine was 0.9 with
a range of 0.8—1.1mg/dL. The most common etiologies of
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AKI included dehydration (59%), hypotension/shock (56.4%),
and nephrotoxic agents (48.7%). Just over half (56.4%) of
cases occurred in the community, and the remainder (43.6%)
occurred in the hospital.

Regarding some general characteristics of the medical
students that participated in the survey; the mean age was 24.5 £
1.7 years (with a minimum age of 23 years and a maximum age
of 30 years), 54% of the students who answered the survey were
male, and 60% of the students were from the public university
(Universidad Mayor de San Simon), the rest of the students came
from three different private universities (22% UNIVALLE, 14%
UPAL, and 4% UNITEPC) all located in the city of Cochabamba.
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TABLE 1 Characteristics of acute kidney injury.

Documented location

Percentage
Community-acquired AKI (56.4%)
Hospital-acquired AKI (43.6%)
AKI Stages
AKI Stage 1 37.9%
AKI Stage 2 19.2%
AKI Stage 3 42.9%
Documented etiologies
Number (n) Percentage (%)
Dehydration 11.8 59%
Hypotension/shock 11.28 56.4%
Cardiac Disease 2.56 12.8%
Liver Disease 1.54 7.7%
Urinary obstruction 2.06 10.3%
Infection 2.56 12.8%
Nephrotoxic Agents 9.74 48.7%
Animal Venom 0.52 2.6%
Sepsis 10.76 53.8%

“More than one risk factor could be present in the same patient. Community-acquired
AKT is usually more common in LMICs, and usually present in more advance stages (AKI
stage 2-3 in 62.1%) due to delay recognition and diagnosis. The three most common
causes of AKI were dehydration, hypotension, and nephrotoxins.

Prior to the introduction of the IRA-SLANH application,
22% of medical students correctly identified the presence of
AKI in all cases, and 0% identified its stage in all cases. The
mean number of correctly identified AKI cases was 14.7 £ 4.7
(Table 2), and the mean number of correctly staged cases was
6.7 = 4.4. With use of the application, 100% of students were
able to correctly identify and stage AKI in all 20 cases. The use
of the IRA-SLANH App improved the number of correct AKI
identification answers with a mean of 5.22 &+ 4.7 (95% CI 3.87
— 6.57; p < 0.001). The number of correct answers about AKI
staging also improved after the use of this App with a mean of
13.6 4.4 (95% CI 11.9 — 14.5; p < 0.001).

Discussion

The use of our app (IRA-SLANH) improved the ability
of medical students to identify and stage AKI. The ease of
access to information enabled them to quickly identify and
stage AKI based on the KDIGO criteria. We showed that
a simple intervention with a smartphone-based medical
application can have a meaningful impact on correct
diagnosis of AKI.
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Several studies have demonstrated that point-of-care tools
can help providers identify and appropriately manage AKI.
They also have important impacts on patient care by improving
time to treatment, increasing rates of renal function recovery,
and decreasing mortality (12, 13). Most of these studies,
however, have been conducted in high-income countries using
electronic medical records (12, 13). Due to cost and high
technical skills requirements, electronic medical records are not
commonly used in LMICs (14). It is therefore important to find
other platforms to create point-of-care tools for AKI diagnosis
and treatment.

The use of mobile technology, including Smartphones,
is increasing throughout the world (15). Because mobile
technology bypasses the need for computers and the Internet,
it is a promising and cost-effective vehicle to improve access
to medical information, including point-of-care decision tools
through medical applications (16, 17). Along with being
widely accessible through Smartphones, medical applications
are appealing because minimal training is required for their use
and running costs are negligible. The IRA-SLANH application
is an example of a medical application that is simple in nature
but has potentially profound impacts on both short-term and
long-term patient outcomes. The downstream effects of early
AKIT recognition in LMICs will help diminish the burden that
chronic sequelae such as chronic kidney disease and end-stage
renal disease have on patients, healthcare systems, and society
(6, 11).

To our knowledge, this is the first LMIC-based study that
examines the use of a point-of-care tool to help providers
accurately diagnose AKI. It is also one of the first studies
to examine Smartphone-based point-of-care decision-making
tools in LMICs (17). Given the prevalence of AKI in LMICs,
its disproportionate morbidity and mortality, and its often-
insidious presentation, equipping healthcare providers with
easily accessible, point-of-care tools to quickly and accurately
diagnose and manage AKI is crucial. The results of our study
are promising that medical applications can play an important
role in the early identification, staging, and prompt initiation of
AKI treatment.

The main strength of this study is that it is one of the first
studies of its kind in many realms. It is novel in its evaluation
of a Smartphone-based point-of-care tool of LMICs and its
innovative approach to AKI diagnosis. It is one of the few - if not
only - medical applications available that not only identifies AKI
but also stages it and recommends guideline-based treatment.
Additionally, the significant differences observed before and
after use of the application lay a strong foundation for future
studies to more extensively examine how point-of-care tools
assist with diagnosis and treatment of AKI in LMIC settings and
affect patient outcomes.

This study has several limitations. Although it was an
interventional study, it was a non-randomized pre-post design.
We did not assess knowledge of AKI prior to the study or
randomize students based on other characteristics. The study
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Case Presentation

* A b64-year-old male was admitted with
intermittent fever and loose stools, without
blood or mucus, daily for a week. He reported
no abdominal pain, vomiting, oliguria,
hematuria, or dysuria.

*  Physical examination revealed pallor with
dehydration and generalized muscle tenderness.

Blood pressure 90/60 mmHg
Heart rate 125 bpm
Temperature 39.2° C

¢  Past medical history includes:
Heart attack two years ago

High blood pressure
*  Medications include:

— Aspirin
Enalapril
Furosemide

Atorvastatin

FIGURE 2

Ob 25'

AN ISN HUMAN RIGHTS INITIATIVE

Investigations revealed:

Total leukocyte count normal
Thrombocytopenia 74,000/mm?3
Blood urea 98 mg/dL

Serum creatinine 3.7 mg/dL
Serum potassium 5.6mEq/dL

Creatine phosphokinase (CPK) 9473 U/L -
elevated

Lactate dehydrogenase (LDH) 3071 U/L -
elevated

Ultrasonography of the abdomen was normal.
Malarial parasite examination was negative.
Investigations for dengue was also negative.

The agglutination test (Widal) showed flagellar
antigen titers up to 640 and blood cultures were
taken.

Clinical vignettes. Example of one of the clinical vignettes prepared for the study.

TABLE 2 AKI recognition and classification pre and post IRA-SLANH App.

AKI recognition

Pre App
Mean + SD of correct answers 14.7 £ 4.7*
Minimum number of correct answers 3
Maximum number of correct answers 20

AKI classification
Post App Pre App Post App
20° 6.7 £ 4.4 200
20 0 20
20 16 20

Only 22% of students could correctly identified AKI in all 20 cases. 0% of students could correctly classified (stages 1,2, or 3) all AKI cases. "aand b p < 0.001. The use of a the IRA-SLANH

App improved the recognition and classification of AKI in a low-resource setting.

size was also small. Although the study was limited to trainees
whose knowledge and skills are not as refined as fully trained
providers, they were in their last year of training and most
likely had gained the majority of the knowledge needed to
practice independently. In addition, the study did not investigate
how improved recognition of AKI impacted management or
clinical outcomes. Future studies are needed to investigate
these important aspects, especially since AKI is a condition
whose potentially grave consequences are easily reversible if
recognized early.
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Conclusions

Smartphone-based medical applications have the potential
to be incredibly useful point-of-care tools for helping LMIC
providers apply evidence-based medicine when managing AKI.
The significant improvement we saw in the ability of students
to accurately diagnose AKI before and after the use of the IRA-
SLANH application shows how a simple, low-cost intervention
can potentially have a hugely positive impact. Although our

study was small, our findings lay a strong foundation for future
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studies to investigate the feasibility and impact of point-of-
care tools to assist with diagnosis and management of AKI in
LMIC settings.
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