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Foreword

Today everybody owns a smartphone or some similar kind of electronical device. Because
of that many normal tasks got a lot easier and quicker. For example, you can scan a
complicated formula und get the right answer in under a few seconds. But what about
medicine? In Medicine, there can be complex formulas and equations and it takes some time

to solve them. Time that is not always available.

Because of this fact, the idea of making an application for any android based smartphone
seemed logical to me. So, when my supervisor Martin Griibler approached me with his idea
of developing an app for the acid base disturbances I immediately became interested.

We would make an app that could be able to make the work of many residents and physicians

a lot more comfortable and help them save time.

Before [ started studying medicine I went to school in HTL Graz Gosting and there I learned
the basics of JAVA programming, which is the programming language of any Android based
app. So, it wasn’t that complicated for me to design and develop a prototype to identify basic

acid base homeostasis disturbances.

Within this thesis, I am going to first outline the physiologic basics of the human acid base
homeostasis and second make a short introduction in JAVA coding, as well as explaining
the different steps the application makes in interpreting an arterial blood gas analysis (ABG)

result.
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Zusammenfassung

Hintergrund: Die heutige Hochleistungsmedizin verlangt von den meisten Arzten und
Arztinnen in kiirzester Zeit einen Patienten zu untersuchen und die bestmdgliche Therapie
festzulegen. Da durch den Mangel an Zeit nicht alle bendtigten Untersuchungen immer von
Hand durchgefiihrt werden konnen, greifen immer mehr Krankenhéuser auf elektronische
Hilfeleistungen zuriick. Die Auswertung einer Blutgasanalyse BGA erhielt bisher keine
addquate elektronische Losung.

Aufgaben: Das Ziel dieser Diplomarbeit war es eine Applikation fiir das Betriebssystem
Android zu entwerfen welches sich auf einer groBen Anzahl von Smartphones befindet.
Diese App soll in der Lage sein eine BGA auszuwerten indem sie alle notwendigen
Berechnungen durchfiihrt. Dann dem behandelten Arzt oder der behandelten Arztin in
aufgearbeitet Form présentiert, somit Zeit spart und dabei unterstiitzt den/die Patientenln
bestmdglich zu behandeln.

Methoden: Programmierung und Design einer App in der Programmiersprache JAVA in der
Entwicklungsumgebung Android Studio. Testen der App mittels bekannter BGA Beispiele
aus der Literatur.

Ergebnisse: Die App mABHC wurde entwickelt und programmiert. Nach Fertigstellung des
Prototyps konnte die App BGA Beispiel richtig deuten.

Diskussion: Weitere Entwicklung sowie Testung der App sind noch notwendig aber zurzeit
ermdglicht es Arztenlnnen Siure Basen Haushalt Storungen zu identifizieren und dabei

keine komplexeren Storungen zu iibersehen.




Abstract

Introduction: Because contemporary medicine needs its physicians to examine and diagnose
their patients in a short period, more hospitals tend to integrate electronic systems in their
processes. For the evaluation of an arterial blood gas analysis (ABG) so far, no adequate
electronic system exists.

Objectives: The main aim of this diploma thesis has been to develop an application (app) for
the operating system android, which is currently used on a great number of smartphones.
This app should be able to interpret and analyse a ABG and give the clinician a short and
effective method to do the workaround on a patient.

Methods: Developing and designing an app for android in the programming language JAVA.
Testing and operating the app with known cases derived from the scientific literature.
Results: The app mABHC was programmed and developed. Afterwards the app mABHC
was tested and was able to correctly analyse several known cases from the literature.
Conclusion: The app mABHC is able to assist the physician by helping to interpret a ABG
result which otherwise would take more time. mABHC needs more developing and testing
but right now it is possible to get a quick overview and with that the diagnostic process can

be easier.
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1 Introduction

Acid base homeostasis disturbances are a central issue in many medical departments.
Especially disciplines such as emergency medicine, intensive care medicine and nephrology
commonly rely on accurate identification of acid base disturbances in order to support a

clinical diagnosis or to guide therapeutic interventions [1].

The acid base homeostasis is important for nearly any process in the human body. If an
imbalance occurs many enzymes can’t work correctly, proteins are being degraded and
physiologic cell functions are impaired. In the worst case, death of the human individual is
possible. [2] This homeostasis is achieved through varies systems in our body like the
Bicarbonate buffer (which is the biggest blood and acute buffer system), the more minor
ones like the phosphate buffer, the protein buffer and for the long-term effect: the kidneys

and the liver.

As mentioned before there are many ways this quite important homeostasis can be disturbed,
for example through excessive vomiting, drug abuse, hyperglycaemia, but also by extreme
sports, diet, certain medication etc. Because of the variety of the buffers that can be
imbalanced there are sometimes quite a few calculations to make before someone is able to
draw clear conclusions. Most of the times the blood gas analysis won’t take long to interpret,
but depending on the environment might be missed from a lesser experienced physician [3].
More so, today many physicians don’t have time to make four or five complicated
calculations by hand before starting the treatment, so it may happen that acid base
homeostasis disturbances could be left unseen and untreated. To prevent this, some
physicians may use computers to make the calculations for them [4]. But in an emergency,
it is not always possible to leave the patient’s bedside, so the next logical step is it to use

modern electronic devices like the smartphone for the interpretation’s and calculations [5].

So I started the development of an application with the goal to save physician time, help

them with interpreting ABG results and making the next treatment steps.




1.1 “Acid and base” the Bransted-Lowry Theory

But first it is important to understand the meaning of the words acid and base. There are a
few different traditional approaches to this question (also referred to as descriptive
approaches), like the Bronsted-Lowry Theory, the Arrhenius Theory, the Lewis approach
and the Usanovich approach. The most common used one is the Bronsted-Lowry Theory. In
the year 1923 Johannes Nicolaus Brensted and Thomas Martin Lowry introduced
independently from each other a new concept of the acid base reaction [6] [7]. Till then the
mostly used one was the Arrhenius Theory (1887). They both described an acid being a
compound which is able to donate a proton H' to another compound which is then called
conjugated base. The important new mechanism behind this theory was that a base can also
be an acid by accepting a proton and an acid can also be a base by donating a proton and

vice versa.

acid + base < conjugate base + conjugate acid

Or if you insert HA for the acid
HA +B=A"+HB"

In most books an acid is there by defined as a H" donor and a base as an H" acceptor.

The most important new finding of this theory was that an acid can only exist in relation
with a base. They also defined water as a so called amphoteric substance, which means it
can act as an acid and a base. Considering this theory, one important step towards

understanding the human acid base homeostasis was possible:

CO, + H,0 = H,CO; = H* + HCO,

With this formula it is possible to understand the balancing mechanism of the buffer system

in the human body (see 1.3 Buffer systems).




1.2 PH

1.2.1 History

The term pH was original introduced by a chemist named Seren Peder Lauritz Serensen in
1909 and served the purpose of accommodating the definitions and measurements of the
electrochemical cell. It is a numeric scale that displays the concentration of hydrogen ions.
The exact meaning of the term pH is till today not fully clarified but it is assumed that it

stands for “power of hydrogen” or “Potenz of hydrogen™ [8].

1.2.2 The scale

Pure water is neutral which is corresponding to a pH of 7. If acid is added the pH will be less
than 7 which is then called acidosis, if a base is added it will be greater than 7 which is called
alkalosis. The blood in a human body obtains a pH of 7.4, if the acid base homeostasis is
disturbed the pH will vary according to the disorder. In the human body not every area
possesses the same pH, each cell or enzyme needs a different level to obtain its optimal

function (for examples see Table 1 below).

Compartment pH
Gastric secretions (under

conditions of maximal 0.7

acidity)

Lysosome 5.5
Chromaffin granula 5.5
Neutral H,O at 37°C 6.81

Cytosol of a typical cell 7.2
Cerebral fluid (CSF) 7.3
Arterial blood plasma 7.4
Mitochondrial inner matrix | 7.5

Secreted pancreatic fluid 8.1

Table 1: pH in different areas in the human body [9]




1.2.3 Henderson-Hasselbalch equation

The Henderson-Hasselbalch equation is used to describe the correlation between HCOs,
CO> and the pH. Lawrence Joseph Henderson studied the acid-base homeostasis and
discovered that the complex mechanism takes place in collaboration between the lungs, the
kidneys, the liver and the red blood cells. He then described the first formula which later on

Karl Albrecht Hasselbalch rewrote to the Henderson-Hasselbalch equation as known today:

[A7]
pH = pK, +log;, THAT

Formula 1: Henderson-Hasselbalch equation

Applied to the human bicarbonate puffer system it is possible to relate the pH according to
the level of bicarbonate HCO;™ and CO; (Formula 2: Henderson-Hasselbalch equation

applied to the bicarbonate buffer system).

[HCO;_]
pH = pKg n,co, + 108 H,C0,1

Formula 2: Henderson-Hasselbalch equation applied to the bicarbonate buffer system [10]

Because in modern medicine this equation is mostly used in the arterial blood gas analysis
it is common to use the partial pressure of CO> (pCO») instead of HoCO, (Formula 3:

Henderson-Hasselbalch equation as used).

HCO3 )
0.0307 * pCO,

Formula 3: Henderson-Hasselbalch equation as used [11]

pH = 6.1 + log4 (




1.3 Buffer systems

The buffer system of the body are very important parts. Without them, sustaining life as we
know it would not be possible. For example, a simple gastroenteritis with loss of gastric acid

could result in coma or seizures, because some enzymes cannot work correct anymore or

even lose their function completely [12].

As mentioned before there are different buffer systems:
I.  The lungs
II.  The kidneys

III.  The liver
IV.  The blood (contains bicarbonate buffer, phosphate buffer,...)

Acid-Base Physiology

Cells || Buffers

Blood - / ] \ \\

HCO3- <—/——> CO02

H

Buffers
Kidney Lungs

N SN

A CO2

Figure 1: Overview of the acid base physiology [13]




1.4 Organs

1.4.1 Lungs

The lungs contain, in comparison with the other organs, the quickest organic method of
compensating a (metabolic) acid base disorder. If the balance tilts towards an acidosis (the
blood pH is lowered, too much free extracellular H'-ions (see 1.6.1 Acidosis)) the
chemoreceptors in the Medulla oblongata are activated and the ventilation rate rises
(hyperventilation) so that more CO> can be exhaled. Because more alveolar CO» is exhaled,
more arterial CO> (aCOy) is being transported to the lungs. Because the amount of aCO; is
lowered the partial pressure of carbon dioxide pCO: is also lowered. According to the
Henderson-Hasselbalch equation (see Formula 3: Henderson-Hasselbalch equation as used)
and the fact that CO> counts as an acid, the pH rises towards a more balanced state [14].

Of course, this mechanism has its limits: If a severe metabolic acidosis is currently present
it might not be possible to rise the ventilation rate high enough, so enough amount of CO>
can be exhaled so that the acid base homeostasis can be balanced again. For example, it is
not possible to maintain a respiratory rate of 40 over a long period, because of the rising
respiratory work more energy is needed which usually the body can’t offer [15].

Basically, it is possible that a metabolic alkalosis is compensated by hypoventilation, but
because the lungs are also needed to maintain a certain oxygen level, this mechanism is

rather limited.

The lungs may also be causes for an acid base disturbance as explained in
- 1.6.1.1 Respiratory Acidosis
- 1.6.2.1 Respiratory Alkalosis




1.4.2 Kidneys

In comparison, the kidneys are much less powerful in terms of excreting CO2 out of the
human body in comparison with the lungs (more specific: kidneys 70-100 mmols/day vs
lungs 12.000 to 13.000 mmols/day [16]) but this is because these two organs have different
tasks. As outlined previously, the lungs are the rapid acting mechanism in controlling the
acid base balance (as mentioned in 1.4.1 Lungs) whereas the kidneys provide the long-term
methods in holding the acid base homeostasis in a stable level. Of course, the kidneys are
also able to act very fast if an imbalance occurs, but this is not a significant effect compared
to the lungs.

If the pH is in the normal range (7.35-7.40 pH) the kidneys are excreting H" as well as
ammonium (acid) and HCOs". If an imbalance occurs for example an acidosis, the kidneys
are now beginning to excrete more H" and ammonium and start reabsorbing HCOs™ so that
the pH can rise towards a normal level. If an alkalosis is present, the exact opposite is
happening H® and ammonium are being reabsorbed (less excreted) and HCOj3™ is less
reabsorbed [17].

HCO4™ reabsorption along the nephron

Bt i
f —— CCD

%
5%

80%
Proximal tubule

IMCD

J

~0%
Figure 2: HCO3 transport along the nephorn. Most of it is reabsorbed in the proximal tubule. In the

normal acid base homeostasis nearly 0% of HCO3- is excreted with the urine [17].




Most of the filtered HCO3™ (85%) is being reabsorbed in the proximal convoluted tubule
(PCT). After HCO; enters the PCT Lumen it cannot pass the membrane into the cell, so the
body would lose all of it. Because this would result in a mayor acid base imbalance
bicarbonate is combined with a free H™-ion and forms H>CO3 then diverts into H2O + CO»
which both can pass the membrane into the cell. In the cell, they both recombine to H>CO3
and finally back to HCOs™ and H'. The free H'-ion can now be returned into the PCT Lumen
and the HCOs" is transferred into the bloodstream via a Na"™-HCOs™ symporter (see Figure 3:
HCO3 reabsorption in the PCT).

PROXIMAL TUBULE CELL ) BLOOD

(HCO,); NBCe1-a

H+

CO,+H,0 —— H*+HCO,

ATP
) 2K*
2H* 3Na*
P
Low [Na*], -70 mV )
'4 A\

Figure 3: HCO3 reabsorption in the PCT [17]




Ammonium NH4" is a weak acid and therefore also important in the acid base homeostasis.
Primarily it is formed out of glutamine in the proximal tubular cells. In the cell the enzyme
glutaminase forms glutamate and NHy out of glutamine (see Figure 4: Schematic of NH3
production in the PCT ). The next step in this reaction makes out of the glutamate one NH4
and alpha-ketoglutarate. The alpha-ketoglutarate is then metabolized into glucose
(gluconeogenesis). For every glutamine which enters this cycle two HCOj™ are also created
this is a very important mechanism in compensating an acidosis. A defect in the ammonia
excretion leads to the hyperkalaemia renal tubular acidosis (Typ IV renal tubular acidosis)

[17].

2 PROXIMAL TUBULE CELL y BLOOD
B,AQ LAT2
Na*/Gln . Gin
NH; .
NHE3 =2 NH/NH,*

(HCO3); NBCet-a
bep 4_/F*EFJCK_/\.
Na* H* \)HCO
Glucose

Figure 4: Schematic of NH3 production in the PCT [17]




1.4.3 Liver

Discussing the acid base homeostasis mechanisms always leads to the two main organs in
this system: the lungs and the kidneys. But according to new findings and studies the liver
also plays a very important role in maintaining a constant pH level. The liver is able to
produce urea CO(NH>)> which is important for getting rid of the toxic ammonium. For this
process NHs" and HCOs™ is needed (see Formula 4: Urea synthesis). Ammonium is a very
toxic substance and is already at a slightly increased amount able to make neurological
problems such as: cognitive impairment, reduction of efficiency of the central nervous
system and in the worst case a toxic coma can occur. For the process of producing urea, the
liver uses the same enzyme as the kidneys: glutaminase, to obtain NH3 and glutamate. Urea,
as a small neutral molecule, is able to pass cell membrane and can therefore be eliminated
mostly through the kidneys and partially through the Gl-tract. Because of that no free H'-

ion can be removed out of the body via the kidneys [18].

2NHi +2HCO5 = CO(NH3), + 3H,0 + CO,

Formula 4: Urea synthesis

If an acidosis is present the liver reduces the production of urea, by slowing down the enzyme
glutaminase, so that the kidneys can use the glutamine to get rid of the free H"-ions and thus
compensate the acidosis. If an alkalosis occurs the liver produces more urea so that there is
less free glutamine for the kidneys and therefore more free H -ions. This explains the clinical
observation that if a liver insufficiency is present a metabolic alkalosis may occur. As more
free glutamine for the kidneys accumulate this results in less free H -ions, because they are
being removed with NH4" via the urine. In the case of a kidney insufficiency a metabolic

acidosis is present (kidney function is reduced and less H'-ions can be excreted).

10



1.4.4 Gastrointestinal tract

The GI-tract plays only a small active role in maintaining the acid base homeostasis but it is
possible that a disorder has its origins there. For the acid milieu in the stomach, which is
needed for digesting food and dissembling proteins etc., H'-ions are needed. The partial cells
are located in the fundus and the body of the stomach and produce hydrochloric acid HCI
and the intrinsic factor (important for the Vitamin B12 absorption). For producing HCI CO2

or H2COs is needed and in this process HCOj3™ is made:

H,CO; = H,0 + CO, » H* + Cl~ = HCl

Formula 5: production of HCI in the partial cells

If the gastric acid reaches the duodenum the realising of HCOj3™ rich pancreatic juice is
induced and the previously created HCOs3™ is used. This explains why vomiting leads to a
disequilibrium of producing and reducing HCOs3". Therefore, excessive vomiting over some
time can result in an alkalosis because of loss of H+ ions and Chlorid.

On the other hand, diarrhoea commonly (although there are exceptions) induces the loss of
HCOs7, an excessive loss of fluid and a relative increase in Chlorid, which — taken together

— lead to a metabolic acidosis [19].

Interstitial
fluid

Lumen of
stomach

Asejide)

Parietal cell

Figure 5: Acid secretion in the stomach [20]
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1.5 Blood

The human body has possibilities of buffering in the blood. Erythrocytes are able to act as
buffer by compensating small changes through the H+ accepting imidazole-ring of
haemoglobin. This effect is under normal circumstances magnitudes more relevant than the
total of plasma proteins. It bears mentioning that there are quite a number of different buffers,
but only a few of were found to be of relevance in the clinical context. The main equation in

this buffer system is the Henderson-Haselbalch equation as outlined before:

CO, + H,0 = H,CO; = H* + HCO4

1.5.1 Bicarbonate buffer system

The bicarbonate buffer system is also part of the buffering system of the blood. Among
others, the “Hamburger shift” leads to an exchange of Cl" and HCOj™ at the surface of the
erythrocyte. This shift is crucial to enable the blood to adapt to acid-base disturbances before
“reaching” the other buffer system, such as the lungs or the kidneys.

If too much free H™-ions are present they are bound to the bicarbonate and carbonic acid is

formed (see below).

tH* + Hco, £ H,Co,

This new carbonic acid then dissociates in the CO2 and H>O and the CO» can be exhaled
through the lungs. Obviously, without the correctly functioning lungs it is not possible to
buffer this form of an acidosis over a longer period. If the blood is too acidic the carbonic
acid rapidly dissociates into a H™-ion and HCOj3", what further limites the blood buffer
system to counter an acid base homeostasis disturbance. The bicarbonate buffer system of
the blood is a very important first line defence against acid base disturbances, but as outline

before it is limited in its options and depends on the function of the organs.
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1.5.2 Phosphate & protein buffer systems

The phosphate & protein buffer systems also contribute their parts into keeping the acid base
homeostasis within the normal range. But both are not quite as efficient as the lung-
bicarbonate system. The phosphate buffer plays its role mainly in the cell and the protein

buffer in the blood.

Phosphate buffer
H* + HPOf~ < H,PO;
Formula 6: phosphate buffer system

If there are too many free H'-ions and the homeostasis tilts to an acidosis, the phosphate
buffer binds two H'-ions and forms dihydrogen phosphate H.PO4. HoPO4™ can then be
excreted through the kidneys [21].

Protein buffer

The protein buffer system is depending on the quantity the largest buffer system in the blood.
Because albumin like haemoglobin also got a imidazole-ring, which can be ionized
(protonated), they can serve as a buffer in the blood system. According to the Stewart
approach (see 1.7 Stewart approach — Strong ion difference) the protein buffer plays a major
role in the acid base homeostasis but with the normal uncorrected Schwartz-Bartter approach
it is possible to miss an acid base homeostasis disturbance because it is not visible as a
change in HCO3 or pCO,. It is possible that a nephrotic syndrome causes a
Hypalbuminaemia and this may cause or aggravate some problems in the acid base
homeostasis. This, however, is till today not fully understood and currently matter of debate

[22].
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1.6 Disturbances

1.6.1 Acidosis

,,A metabolic state characterised by an increase in H+ concentration that occurs when the
body can’t buffer free H+ in the blood, which is due either to an accumulation of acid or

depletion of the alkaline reserve bicarbonate, resulting in decreased pH in the blood.” [23]

The terms acidosis and acidemia are most of the times used interchangeably by physicians
or general medicine personnel but the meaning of this two words is actually different. The
term acidosis refers to all processes and chemical reactions which lead to a lowered pH. If
the pH, which is measured most of the times in the arterial blood, is decreased under 7.35 an
acidemia is present. The term means an abnormal low pH in the arterial blood, knowing that
an acidemia cannot be present without an acidotic process. Based on the underlying

mechanism acidosis is very broadly divided in metabolic and respiratory acidosis.

1.6.1.1 Respiratory Acidosis

Respiratory acidosis occurs because of alveolar hypoventilation. Because of the rapid
production of new CO; and the disturbed clearance of the CO> in the lungs, the amount of
aCO; (arterial COz; the amount of COz in the arterial system) and therefore the PaCO:
(Partial arterial pressure CO2; the partial pressure which the amount of CO: in the arterial
system generates) rises above its normal range (PaCO2 35-45 mmHg). The state of a PaCO>
higher then 45 mmHg is called hypercapnia.

The effect can be approximated by the Henderson-Hasselbalch formula. The lower ratio of

HCO37/PaCOx: results in fall in pH (see below).

l H=61+]1 ( LN
pr=>o 0‘914 0.0307*Pa602‘|>
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There are in principle two different forms of a respiratory acidosis: an acute and a chronic
form. The acute respiratory acidosis occurs because of a sudden change in the ventilation.
This could be because of a drug or nervous system diseases induced respiratory depression,
acute trauma to the thorax which lead to a reduced ventilation (e.g. rip fractures) and a variety
of medical conditions such as those associated with bronchoconstriction [24]. The hallmark
of respiratory acidosis is visible in the ABG with a rise of PaCO2 over 45 mmHg. When
the PaCOx rises (acutely), the pH falls and the human body needs to counter-regulate. An
imbalance of the acid base homeostasis may aggravate the main diseases process (cell death,
enzyme failure etc.). The first line compensatory mechanism is the bicarbonate buffer system
which jumps into action in a few minutes. After that the kidneys and the liver also start their
work, but this mechanism takes some time (hours till days [25]). Because plasma HCO3"
only rises 1 mmol/l for every 10 mmHg PaCO2 the increase of the HCO3™ amount is rather
small [26].

If a pulmonary disease raises the amount of CO2 slowly the body is most of the times able
to maintain a static pH-level which then results in a chronic respiratory disorder. For example
COPD [27], but there are other, non-pulmonary diseases, that can also lead to a chronic
respiratory acidosis such as scoliosis, obstructive sleep apnoea, neuronal diseases (ALS,
Myasthenia gravis) [28]. Most of the times these diseases result in a reduced ventilation
(hypoventilation) for varies reasons with CO2 retention that is compensated metabolically.
Nevertheless, it should be kept in mind that the diseases processes and their interaction with

the acid base equilibrium are highly complex.

The chronic form of a respiratory acidosis lasts over a longer period and so the kidneys and
the liver can reach their maximum of counter regulation. In this situation for every 10 mmHg
PaCO:2 a HCOs  rise of approximately 3.5 to 4 mmol/l is possible. [29] On the other hand,
an acute change of PaCO> from 50 to 60 mmHg results in a rise of HCO3™ of 1 mmol/l. After
a few days a new steady state would be reached with the same amount of PaCO; results in a

rise of HCO3™ of 4 mmol/l because of the kidneys and the liver [27].
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1.6.1.2 Metabolic Acidosis

A metabolic acidosis can occur if there is a pathologic process that leads to an increase in
free H+ ions in the body. This can either be by an increased acid concentration or a loss in
HCOs'. In words of the Bronsted—Lowry definition there is an increase in compounds that
donate a proton. If the compound is not CO,, then the clinical definition is metabolic
acidosis.
One important marker for the metabolic acidosis is the anion-gap (ANG). The ANG refers
to the unmeasured ions such as Na*, CI', K" and others (Ca**, Mg?", etc.). But because these
three are the most common to be measured they are used to calculated the ANG. With the
ANG it is possible to divide the metabolic acidosis in three sub forms:
- High Anion-Gap Metabolic Acidosis (HAGMA):
o Ketoacidosis
o Lactic acidosis
o Renal failure
o Toxins
- Normal or Hyperchloremic Anion Gap Metabolic Acidosis (NAGMA):
o Renal failure
o Gastrointestinal causes (severe diarrhoea,...)
- Low Anion Gap Metabolic Acidosis (LAGMA)

o Most commonly because of hypalbuminaemia

This is important because these three different forms have different underlying diseases and

therefore the anion-gap can be useful for differential diagnosing.

ANG = (Na* + K*) — (Cl” + HCO3)
Formula 7: ANG formula

Some clinicians don’t include potassium (K*) in the calculation and therefore the adjusted
ANG formula is used.

ANG = Na* — (Cl- + HCO3)

Formula 8: adjusted ANG formula
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A hyperchloremic metabolic acidosis occurs for example in the setting of severe acute renal
failure where massive losses of HCO3; may be present. This can be also approximated with

the Henderson—Hasselbalch equation(see below).

lpH—61 l (l |HCOs
= b4 log (0.03'07*Pacoz>

If a massive gain of acid is present (e.g. diabetic ketoacidosis) the pH lowers because the

acid base homeostasis is imbalanced towards the acids. The counter-regulation process is
now mainly performed by the lungs and the bicarbonate buffer system. As soon as the chemo
receptors detect the evaluated amount of arterial CO2 hyperventilation starts to get rid of the
unnecessary amount of carbon dioxide. This mechanism reaches its maximum
approximately in a day [30]. With the Winter’s formula [31] it is possible to calculate the
amount of PaCO; which should be present after the lungs reach their full compensatory
capacity. If the measured PaCO; is lower than the calculated/estimated one, then a
respiratory acidosis is also present. On the other hand, if the estimated PaCO?2 is higher, then
this would indicate that a respiratory alkalosis is also present. In other words, the Winters
formula allows detection of combined (double) disturbances of the acid base balance. A
common example is the metabolic compensation of a chronic respiratory acidosis. It is also

possible to use it for the metabolic alkalosis.

PaC0, = (1.5x HCO3) + 8 + 2

Formula 9: Winter's formula for metabolic acidosis

1.6.1.3 Delta Ratio

The Delta Ratio or Delta Delta Ratio is useful in differentiating the result of the calculated
ANG to identify a potential mixed metabolic acidosis. The Delta Ratio is calculated with the
increase in the ANG and the decrease of HCO3". In the ketoacidosis for every mmol/l
increase of the ANG a mmol/l decrease of HCOj3™ should be made. In lactat acidosis a 1:0.6
ratio is present (meaning for every mmol/l ANG increase 0.6 decrease of HCOs3™ should be
present). If the Delta Ratio is 0£5 mmol/l a HAGMA is present. If the Delta Ratio is above
5 mmol/l a HAGMA and a metabolic alkalosis is likely present. If it is lower than -5 mmol/l
a combined HAG + NAG metabolic acidosis is possible [32].
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1.6.2 Alkalosis

“An abnormal condition of body fluids, characterized by a tendency toward a blood pH level
greater than 7.45 caused by an excess of alkaline bicarbonate or a deficiency of acid. There

are two types: respiratory alkalosis and metabolic alkalosis. *“ [33]

As for acidosis there are also two different terms: alkalosis describes the processes which
decrease the amount of free H'-ions and therefore rising the pH-level. The term alkalemia
is used to describe the state of a raised blood pH-level above 7.45. Although in clinical
practice the terms are used interchangeably. Similar to acidosis, there are in principle two
different pathological ways which can lead to a decrease in free H'-ions:

- A respiratory mechanism resulting in decreased PaCO2

- A metabolic mechanism resulting in an increase in “proton accepting”

compounds.
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1.6.2.1 Respiratory Alkalosis

The respiratory alkalosis is a common issue, because many diseases cause pain and this
results in an increased ventilation (hyperventilation) which then ends in a lowered CO; and
therefore less free H'-ions. In fact, by definition every respiratory alkalosis is the result of
hyperventilation. Although there are many different diseases which lead to or are associated

with hyperventilating:

Causes:

Central - Head injury

- Stroke

- Psychogenic hyperventilation
- Pain, fear, stress

- Drugs (salicylate

intoxication!,...)

Hypoxaemia

Pulmonary - Pulmonary embolism
- Pneumonia
- Asthma

- Pulmonary oedema

Table 2: Examples for causes which lead to respiratory alkalosis [34]

Because of the hyperventilation the amount of alveolar CO; is reduced (normal amount
PaCO; 35-45 mmHg) this leads to a reduction of the arterial CO> and PaCO; and therefore
the amount of H'-ions is reduced. The HCO3/PaCO: ratio rises and according to the

Henderson-Hasselbalch equation the pH is also elevated.

B HCO;
foH =61+ 10914(0.0307 *LPawz)
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As outlined before the first compensatory mechanism is the bicarbonate buffer system.
Because of the loss of CO> through the lungs more COxz is produced intracellularly by the
carboanhydrase enzyme, which combines HCO3;™ and H' to form H>COs. In a second step
carbonic acid dissociates into CO2 and H,O what then results in the increase in H'-ions.
Commonly the body can not compensate the full loss of CO> with this mechanism so the pH
will rise. It is visible in the ABG results as an acute respiratory alkalosis (pH rises, pCO2
is decreased, HCO3- is initially normal). The kidneys are the next step in fighting this
disorder, but they need around two till three days before they reach full capacity. After this
the pH should be within or near the normal pH-level if the underlying pathology persists.
This is called a chronic respiratory alkalosis. The kidneys achieve this with a decreased
reabsorption of bicarbonate. This mechanism is limited to a minimum of HCO3 of 12-20
mmol/l. Below that the physician should also think about a coexisting metabolic acidosis

(see also delta ratio and anion gap).

1.6.2.2 Metabolic Alkalosis

A metabolic alkalosis is based on either an elevated HCO3™ or a loss of free H"-ions. There
are many different ways in which one of these two problems can occur. Beside the causative
pathologic mechanism, the initial cause and a maintenance process should be distinguished.
Because the kidneys are able to hold the blood HCO3™ concentration in a steady state around
24 mmol/l even in a large excess of bicarbonate, an initial cause without a maintenance

process would not result in a sustained alkalosis.

Initial causes can be [35]:
- Any gain of alkalic substances (e.g. through infusions)
- Loss of H'-ions (e.g. gastric via vomiting thorugh kidneys via diuretics

(frusemide, thiazide), hypokalemia, hyperaldosteronism)

As outline before, a metabolic alkalosis alone without a maintenance mechanism would
usually not be enough to be a serious health threating problem.

Volume depletion (especially through aldosterone activation) can also contribute or cause a
metabolic alkalosis. This observation is likely because volume depletion results in the
increased secretion of H-ions into the proximal tubule lumen so that a Na*-ion and H>O can

be reabsorbed in the nephron. But as for every excreted H'-ion a bicarbonate is created
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beyond a certain point bicarbonate accumulates and shifts the pH upwards. The same
problem occurs with chloride depletion. It has to be mentioned that this matter is currently
matter of debate if the volume depletion or the chloride depletion is the trigger, although it
is commonly impossible to differentiate the effects of these two. [36]
There are other mechanism which also maintain a metabolic alkalosis, but they intrinsically
related to the pathophysiology already discussed. (taken from [37]):

- Primary hyperaldosteronism (Conn Syndrome)

- Cushing’s diseases

- Secondary hyperaldosteronism

- Some drugs (e.g. carbenoxolone)

- Excessive licorice intake (glycyrrhizic acid)

- Bartter's syndrome (Syndrom of anti-diuretic hormone resistance or deficiency)

- Severe potassium depletion

Because HCOs™ raises or the amount of free H'-ions are lowered (which means more HCO3’
is produced) the pH-level is elevated what can again be estimated through the Henderson-

Hasselbalch equation:

TpH =6.1+ loglq( THCO; )

0.0307 * PaCO,

The compensatory process of the metabolic alkalosis includes to a certain degree
hypoventilation, which can also lead to problems [38], [39] (e.g. respiratory acidosis see
above). If the metabolic alkalosis is very severe and the response is a great reduction of the
ventilation, a hypoxemia can occur. Therefore, it is important to maintain a high normal pO;
level and depending on the level also to increase the fiO,. Note: A decrease of ventilation
may not be present because of pain, stress or other stimuli that offset the chemoreceptor

activation by the metabolic alkalosis.
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1.7 Stewart approach — Strong ion difference

The Strong ion difference or Stewart approach was developed by Peter Stewart in 1981 as
an method on approaching an acid base homeostasis disorder. It belongs to the so called
quantitative approaches to the interpretation of acid base disorders. The difference between
the common used Schwartz-Bartter approach (based on the Bronsted-Lowry Theory) and the
Stewart approach is their definition of an acid and a base. Stewart defined an acid as a
substance which shifts the equilibrium of water to a higher level of H'-ions and less OH
ions. Because of this definition bicarbonate is not an independent variable but a depended
one and can therefore not alter the blood pH by itself [40]. According to the approach there
are a few variables which are responsible for the blood pH [41]:

- the strong ion difference SID which is basically calculated from the measured

anions (CI" and lactate) and cations (Na™", K*, Ca™", Mg"™):

SIDapp = Na** + K* + Ca** + Mg** — Cl™ — lactate™
Formula 10: calculation of the apparent SID SIDapp [42]

- the arterial pressure of carbon dioxide (PaCOy)
- the plasma concentration of non-volatile weak acids (ATot); normally the ATot

is formed by phosphate and the ion equivalence of albumin

According to these three variables he also defined six main disorder forms of the acid base
homeostasis:

- respiratory acidosis

- respiratory alkalosis

- strong ion acidosis

- strong ion alkalosis

- non-volatile buffer ion acidosis

- non-volatile buffer ion alkalosis

For example, if the anion lactate is elevated the SIDapp is lowered beneath its normal range
of 40 mmol/l and the homeostasis tilts towards an acidosis. The effective strong ion
difference (SIDeff) can be calculated based on the components of ATot and pH with this

formula:
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SIDeff = (12.2 * pC0,/107PH) + 10 = [Albumin = (0.123 * pH — 0.631)]
+ [PO, * (0,309 * pH — 0.469)]

Formula 11: calculation of SIDeff

With the SIDeff and the SIDapp the strong ion gap SIG can be calculated:
SIG = SIDapp — SIDef f

Formula 12: calculation of SIG

The strong ion gap should be zero, if it is elevated an acidosis might be present.

Most of the physicians are using the more common approach based on the Bronsted-Lowry
theory, but over the last decades the Stewart approach gained more and more attention
because it includes albumin into its calculation process. Because the Stewart approach needs
much more calculations and includes more different variables which are all open to
measuring mistakes most physicians still tend to use the more established Schwartz-Batter
approach. Also it is possible to recognize a hypalbuminaemia by calculating the anion gap
and then by adjusting the calculation process a similar outcome to the Stewart approach can
commonly be achieved. Nevertheless, even the Stewart approach has limitations and cannot
be full model of the highly complex subject of acid base disturbances [43]. From a clinical
point of view both the descriptive approaches (e.g. Bronsted-Lowry) and the quantitative
approaches (e.g. Steward) align in many cases. Newer approaches like the ion equilibrium
theory may help to unify descriptive and quantitative interpretations of acid base chemistry,

but they remain subject of ongoing research [44].
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1.8 Interpretation of a ABG result

Knowing which form of an acid base homeostasis disorder is present a systematic approach
should be done with every interpretation of a ABG result. There are many options on how

to approach a blood gas analysis. Shown below is the approach which is used by mABHC

[45]:

acidosis/alkalosis

\ 4
l anion gap

metabolic/respiratory

A\ 4

compensatory

process

Figure 6: step by step approach of a ABG result

For a detailed systematic approach see Figure 7: mABHC - systematic approach of analysing

a ABG result on the next page.
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Figure 7: mABHC - systematic approach of analysing a ABG result
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2 JAVA and Android Studio

2.1 Java platform and language (
Java is a platform which contains many items for developing and coding, ‘.-.‘-_)
-

for instance it contains the java programming language which the
J prog g guag W,
mABHC is coded in. Not only it contains the programming language but

i
also the java virtual machine (executes the code), many different lava

programming languages, the java development kit (important for

programming an android application). Figure 8:  Java

Technology logo

[57]
The project java was started in 1990 by engineer Patrick Naughton at Sun

Microsystems. First the project was called “oak” but due to copyright problems the
developers came up with the name java (java is a strong coffee bean which is used to make
a strong espresso the developers liked). The first intended use of this platform was for the
television industry, but because it was too advanced they decided to develop in another
direction [46].
There were five principles for the java language [47]:

1) It must be "simple, object-oriented, and familiar".

2) It must be "robust and secure".

3) It must be "architecture-neutral and portable".

4) It must execute with "high performance".

5) It must be "interpreted, threaded, and dynamic".

These five principles could be combined in one: developing a language which can be used
by everyone and everywhere with high performance and maximum safety. Every developer
should be able to code with this language and it is intended to be easy portable on different

devices (computer, smartphone, smart TV etc.).

The today most broadly used smartphone operating system Android uses the java language
and many applications are developed in android studio (see 2.2 Android Studio), which uses
the java development kit. Broadly speaking the main limitations and disadvantages of Java

relate to performance and architectural issues.
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2.2 Android Studio

Android studio is an android software development tool developed

and designed by google which also produces the operating system

android. Android studio was first announced in 2013 at an

b |

IT-conference and the first version was released shortly after. It is Figure 9: Android

also referred to as integrated development environment (IDE). Studio logo [58]

The current version which is used to develop the app mABHC is 2.2.3. Android Studio is a
free IDE which allows those familiar to Java and HTML to design their apps. Also, it is
possible to submit your developed app into the app store and sell it directly.

\ \ \ \ \ o 5
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Figure 10: Screenshot of the project mABHC in Android Studio
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3 The application - mABHC

3.1 Introduction

The following sides are explaining the function of the app mABHC. Describing the different

steps which are made while interpreting the entered ABG result.

Fist a term explanation:

e Jlayout — describing the current screen the user is seeing containing different

components like textview, textedit, buttons etc.

e textview — displaying some text which the user cannot press or edit

e textedit — an editable text filed in which the user can enter something (values of Na™,

K*, pH, etc.)

e Buttons — a button that can be pressed by the user and starting a process (go to the

next screen, start the calculation, etc.)

3.2 Layouts

3.2.1 mabhc_opening_screen_layout

This layout contains two buttons which allow the user to
choose between starting a new calculation and interpretation
a ABG result (START CALC) or to only calculate the anion
gap (CALC ANQ).

Two text fields remind the user to always check the results of

the calculation with the patient’s history and clinic.

The button START CALC sets the view of the application to

mabhc new_calc_primary layout.

The button CALC ANG sets the view to

mabhc_calc_only ang layout.

START CALC

CALC ANG

Caution

Do not make a clinical decision
based only on this calculation!

Figure 11:

mabhc_opening_screen_layout
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3.2.2 mabhc_new_calc_primary_layout

On this layout, the three at least necessary values (pH, pCO»,
HCOys") for the interpretation are displayed and must be

entered by the user.

Without entering all three variables the button NEXT is not
working and the application reminds the user with a short

explanation to enter the missing values.

If everything is entered correct a press on the button NEXT

will bring up the next layout mabhc_new calc anion_layout.

3.2.3 mabhc_new_calc_anion_layout

This layout is completely optional. If the physician does not
or cannot enter the anions the button CALCULATE can be

pressed and the application will display the results.

However, if one anion, for example Na*, is entered CI also
needs to be fed to the program. The value of K* is also optional
because many physicians don’t use potassium in the

calculation of the anion gap.
There are two different formulas and reference ranges of the
ANG depending if potassium has been entered or not (see

below)

With potassium:

PH:

pCO2:

stHCO3

NEXT

Figure 12:

mabhc_new_calc_primary_layout

If you dont want
Na: the Anion Gap

hit Next without
al entgring any

variables.
K:

CALCULATI

Figure 13:

mabhc_new_calc_anion_layout

ANG = (Na* + K*) — (Cl~ 4+ HCO3) and reference range from 12 to 20 mmol/lL.

Without potassium (used most of the times in the clinical field):

ANG = (Na*) — (Cl~ + HCO3) and referen range from 8 to 16 mmol/I.
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3.2.4 mabhc_new_calc_results_layout

After all the values are fed into the application the results of
the entered ABG results are shown on this layout. Basically,
it contains one listview, which is placed on the left site of the
screen, that displays all the calculated values like ANG (if
wanted), the expected CO> or HCO3™ and also all entered

values so the user can recheck if everything is correct.

On the right site is a bigger textview which contains the
interpretation of the ABG. The first lines contain the basic
information about the disturbance (acidosis, alkalosis,
respiratory, metabolic), depending on the period of time the
patient is sick it can be a different result.

As seen in Figure 14: mabhc new calc results layout

-Respiratory Alkalosis

and a metabolic

:"0033 19.0mmol/ glkalosis (if > 2 days)
-Respiratory Alkalosis

pCO2: 21.0 mmHg With acut metabolic
compensation

Na: 127.0mmol/l + metabloic acidosis
duo high ANG

Cl: 79.0 mmol/I

PH:7.58

K: 5.2 mmol/|

ANG: 34.199997

ExpectedaHCO3:
20.2 mmol/I

ExpectedcHCO3:
14.5 mmol/I

ExpectedC02: 0.0
mmHg

Figure 14:

mabhc_new_calc_results_layout

depending on the time the patient has a combined (acute) alkalosis or a (chronic) respiratory

alkalosis which persisted at least over 2 days with a compensatory process going on.

The last line contains, if wanted, the result of the anion analysis. In this case a metabolic

acidosis is also present according to the calculated ANG.

3.2.5 mabhc_calc_only_ang_layout

If the user presses the button CALC ANG on the start layout
(Figure 11: mabhc opening_screen_layout) the view is set to
mabhc calc_only ang layout. Containing four textviews and
four textedits the user must enter all values that are needed

(execpt potassium if not wanted).

Pressing the button CALC will calculate the ANG and display
it (see Figure 15: mabhc calc only ang layout).

SR _
: ANG: 33.199997
Normal 8-16
Cl: &)
K 5.2
CALC
HCO3: 2q|
1 2 3 -
) 6 —
8 9 a
n
Figure 15:

mabhc_calc_only_ang layout
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3.3 The code structure

3.3.1 Libraries

Upon opening the application, the first
thing that is needed are the different
libraries which contain the information
for the android system how to visualize
the different components, for example
the Buttons. Without importing this
library on the start, it would not be
possible to use any buttons in the

program.

There are many libraries containing all functions of the

import
import
import
import
import
import
import
import
import
import
import

android.os.Bundle;
android.support.v7.app.AppCompatActivity;
android.support.v’/.widget.Toolbar;
android.text.TextUtils;
android.view.View;
android.widget.ArrayfAdapter;
android.widget.Button;
android.widget.EditText;
android.widget.ListView;
android.widget.TextView,;
android.widget.Toast;

Code snippet 1: importing the needed libarys

Calculate
specific component, as illustration let’s take the button library
again: If this library is not present the android system would *
not know what to do with the command onClick. ;
onClick

onClick is a function of a button that starts a predefined
process if the button is clicked, like the process of calculating

the ANG. If now the button can’t handle this event or even

A 4

Calculate ANG

can’t be placed, the process of calculating of the ANG can’t be started.
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3.3.2 Initialization

ffInitializing all variables globally
private TextView txtViewPH;

private TextView txtViewHCO03;

private TextView txtViewpC0Z;

private TextView txtViewResultsofCalc;

private EditText edittxtPH;
private EditText edittxtHC03;
private EditText edittxtpC02;
private EditText edittxtNA;
private EditText edittxtK;
private EditText edittxtCl;

private ListView listviewValues;

int tempPH = 0;
int tempHCO3 = a;
int temppC02 = 8;
boolean ITOnlyANGCalc = false;

Float floatvalueHCD3 = (fleat) 0

Float floatvaluepC02 = (fleat) 0;

Float floatvalueANG = (float) @;

Float floatvalueNA = (float) @;

Float fleoatvaluellL = (float) @;

Float floatvalueK = (float) @;

Float floatvalueexpectedpC02 = (float) B;

Float floatvalueexpectedacutHC03 = (float) 0;
Float floatvalueexpectedchronicHCO3 = (fleat) 0;

Float floatvaluePH = (float) @8;

5tring CalcResultsText = "";
String AgOrNormalMetabolic = "*;

Code snippet 2: globally initialization of the variables
After the start, the different variables need to be initialized globally, so that they can be
accessed from every subroutine of the program. There are different types of variables for
example Boolean which can only be two states: false or true. Every variable is named after
a specific pattern so no mixed-up mistakes could be made. Every TextView starts with the
letters txtView as seen above, with this method it is not possible to mistake an EditText for

an TextView.

For example, the EditText in which the user enters the pH, pCO., etc. are always named after
the same principle and start with the term: “edittxt” and depending on which variable it is
representing it contains the term K, Na, Cl, PH, pCO2 etc. With that mechanism the purpose

of this variable is always know and can’t be mistaken.

Float floatvaluePH = (float) @;
Code snippet 3: floatvaluePH
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The initialization of the variables is important so the program knows that they are existing
and can access them at any time, also it is recommended to set them to zero or null so no

calculation mistakes can be made.

3.3.3 Setting the view

After everything has been established and made ready the next thing the application needs
to do is show the user the start screen so the he or she can press one of the two buttons. This
is done by the routine onCreate. As the name says this routine is called when the program
starts, without it the application can contain every possible function but the user never could

press any button to use them.

In this routine the view (basically @dverride
protected void onCreate(Bundle savedInstanceState) {
whats the user is seeing right now) is super.onCreate({savedInstanceState);
setContentView(R. layout.mabhc_opening_screen_layout);
}

Code snippet 4: onCreate

set to the opening layout which then
shows the buttons and the
information.

Simple but yet so important.

3.3.4 START CALC

. public void onBtnStartMewCalcClick({View viewStartScreen) {
onBtnStartNewCalcCllck setContentView(R. layout.activity_m_abhc);

Now let’s say the user decides to start txtViewPH = (TextView) findViewById(R.id.txtViewPH);
txtViewHCO3 (TextView) findViewById(R.id.txtViewHC03);

a Complete new calculation process txtViewpC02 (TextView) findViewById(R.id.txtViewpC02);

edittxtPH = (EditText) findViewById(R.id.edittxtPH);
and presses the button START CALC. edittxtHC03 = (EditText) findViewById(R.id.edittxtHC03);

edittxtpC02 = (EditText) findViewById(R.id.edittxtpC0Z);

The program now needs to load up the
CalcResultsText = "";

layout 1

mabhc_new_calc_primary_layout. Code snippet 5: onBtnStartNewCalcClick

The routine onBtnStartNewCalcClick links the field for pH, HCO3™ and pCO- to their correct
EditText fields and also sets the String (a variable which contains text characters)
CalcResultsText that later on contains the interpretation of the calculations to “”, which

equals empty or null.
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3.3.5 onBtnNextClick

After entering all the values and pressing the button NEXT, the routine onBtnNextClick is
called and checks if every value has been entered. If any of the variables is missing the
program will write an error message to the user so, he can correct the mistake and enter the

value.

After everything is correct the next step that needs to be done is writing the numbers of pH,

pCO2 and HCO3™ into their variables (see below).

floatvalueHC03 = Float.parseFloat{edittxtHC03.getText().toString(})
floatvaluePH = Float.parseFloat(edittxtPH.getText().to5tring(});

floatvaluepC02Z = Float.parseFloat(edittxtpC02.getText().toString())

Code snippet 6: parsing the entered values in the variables

Because the EditText contains only characters but pH is a number there needs to be a
transformation from one type of variable into another (string in float). This is done but using

the command parseFloat.

fCheck Value PH

Processing the input //Check Value P
if (floatvaluePH < 7.34) {

After the program completed the transfer, the new tempPH = 1;

} else if (floatvaluePH > 7.45) {
variable needs to be analysed. This is shown on the tempPH = 2;

T else {
example of the pH (see Code snippet 7): tempPH = 3;

}

Code snippet 7: analysing the input of pH
If the pH 1s under 7.34 an acidosis is present, if it is over

7.45 an alkalosis is present and if it is neither of them it is in the normal range. The
application saves this information with a number in a variable called tempPH. Basically a 1
means that the value is too low, a 2 means too high and a 3 means it is in the normal range.

This process is done with the other variables too.

After the three entered values are analysed and saved, the next routine is called: CalcANG(),
which only loads the next screen and links the new EditText fields Na, K and CI to their

variables.
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3.3.6 BtnCalcANGClick

Depending if the user just wants a quick interpretation of the three basic acid base
homeostasis marker (pH, pCO2 and HCO3") or wants to calculate the anion gap the next steps

in the program are different.

if (TextUtils.isEmpty(edittxtNA.getText(}))
Code snippet 8: depending if the user entered the value of Na, the program calculates the ANG or not

If the user just wants the basic information it is possible to click the button CALCULATE
without entering any values of the electrolytes. The program will then start to analyse the

given variables and write the results out.

If an interpretation of the anion gap is also wanted the EditText fields of Na and Cl need to
be filled. Potassium (K") is not necessary and most clinics don’t use it in their routine of
interpreting the ANG. Entering the potassium will result in a different reference range than
without it: with K 16+4, without K 12+4. Because of the rapid development of more modern
and more precisely measurement methods many hospitals also use the a reference range from

3-11 mmol/l [48].

Now the program starts to evaluate the previously saved variables (tempPH, temppCO»,

tempHCO3™ and also if wanted calculates the ANG).

Basically the routine BtnCalcANGClick has subroutines covering every possible

combination of these 3 variables:

Short reminder:
- pH =1 stands for acidosis, pH =2 alkalosis and pH =3 normal
- pCOz =1 stands for under 34 mmHg, =2 over 45 mmHg, =3 normal

- HCOs3 =1 stands for under 20 mmol/l, =2 over 26 mmol/l, =3 normal
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As mentioned in Figure 7 the application follows a strict approach system:

P W)

if(tempPH

S B
17 = A
I- L 1

LS E

Code snippet 9: interpreting the variables

&by temppC02 = 1 &&

§ =

tempHCO3 ==

- P

1)

The routine BtnClickCalcANG contains every possible combination of these three variables:

tempPH =1 (acidosis)

temppCO2 =1 temppCO2 =2 temppCO2 =3
tempHCO3 =1 metabolic acidosis | mixed respiratory | metabolic acidosis
with secondary | and metabolic | with normal pCO; or
process acidosis secondary process
tempHCO3 =2 unlikely (high ANG | respiratory acidosis | unlikely ((high
acidosis with | with secondary | ANG acidosis with
secondary process secondary
processes) processes)
tempHCO3 =3 unlikely (high ANG | respiratory acidosis | unlikely ((high
acidosis with | with normal HCO3™ | ANG acidosis with
secondary or secondary | secondary
processes) process processes)
tempPH = 2 (alkalosis)
temppCO2 =1 temppCO2 =2 temppCO2 =3
tempHCO3 =1 respiratory alkalosis | - -
with secondary
process
tempHCO3 =2 mixed respiratory | metabolic alkalosis | metabolic alkalosis
and metabolic | with secondary | with normal pCO; or
alkalosis process secondary process
tempHCO3 =3 respiratory alkalosis | - -

with normal HCOs"
or secondary
process
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tempPH = 3 (normal)

temppCO2 =1 temppCO2 =2 temppCO2 =3
tempHCO3 =1 metabolic  acidosis | - acute metabolic
or respiratory process
alkalosis with with/without
compensating compensation
process
tempHCO3 =2 - metabolic alkalosis | acute metabolic
or respiratory | process
acidosis with | with/without
compensating compensation
process
tempHCO3 =3 acute  respiratory | acute  respiratory | normal blood gas
process process analysis
with/without with/without
compensation compensation

For each of the above shown possible combinations the app contains a subroutine which then

will calculate the expected pCO2 according to the winters formula or the expected HCO3"

depending on which disturbance is currently present.

//PH = Azidose €02 = Alkalose HCO3 = Azidose
if(tempPH = 1 && temppC02 = 1 && tempHCO3 = 1)
{...}
//PH = Alkalose C02 = Azidose HCO3 = Alkalose
else if(tempPH == 2 && tempp(02 == 2 && tempHCO3 ==2)
{...}
//Ph = Normal CO2 = Normal HCO3 = Normal
else if (tempPH = 3)
{...}
//PH=Alkalose (02 = Alkalose HCO3 = Alkalose
else if(tempPH = 2 && temppl02 = 1 && tempHC03==1)
{:::}
ffPH = Acidosis (02 = Aciodsis HCO3 = Alkalosis
else if (tempPH == 1 && temppC02 == 2 && tempHCO3 == 2)
{...}
ffPH = Acidosis (02 = Acidosis HCO3 = Acidosis
&6 tempHCO3 = 1)

else if (tempPH — 1 & temppC02 == 2
{

CalcResultsText = CalcResultsText

+ "-Combined respiratory and metabolic acidosis\n";

H
ffPH = Alkalosis €02 = Alkalosis HCO3 = Alkalpsis
else if (tempPH == 2 && temppC02 = 1 && tempHCO3 == 2)
i

CalcResultsText = CalcResultsText + "-Combined respiratory and metabolic alkalosis\n";
//PH = Acidosis (02 = Alkalosis HCo3 = Normal
else if (tempPH — 1 && temppC02 = 2 && tempHCO3 = 3)
{...}
FfPH = Alkalosis €02 = Acipdsis HCo3 = Normal
else if (tempPH == 2 && temppC02 == 1 && tempHCO3 == 3)
{...}
ffPH = Alkalosis €02 = Normal HCo3 = Alkalosis
else if (tempPH = 2 temppC02 == 3 && tempHCO3 == 2)
{...}
//PH = Acidosis (02 = Normal HCo3 = Acidosis
else if (tempPH == 1 && temppC02 == 3 && tempHCO3 == 1)

{...}

Code snippet 10: if-query of the pH, HCO3-, pCO2
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3.3.7 The metabolic disorder

Let’s say the variables are tempPH =1, temppCO2 = 1 and tempHCO3 = 1 which means that
the pH is acidotic the pCO: is under the reference range which is alkalic and the HCO3™ is

also under the reference range which means acidotic.

JAPH = Az7idose C02 = Alkalose HOO3 = Azidose
if(tempPH = 1 && temppC02 == 1 && tempHCO3 = 1)
{
SfMetabolic Acidosis
CalculateExpectedpC02(true);
if{{fleatvaluepl02 == floatvalueexpectedpC02 +2)
&% (floatvaluepC02 == floatvalueexpectedpC02 -2))
{
CalcResultsText = CalcResultsText + AgOrNormalMetabolic
+ " with appropriate respiratory compensation(if >24hours)sn";
}
if {fleoatvaluepC02 = floatvalueexpectedpl0Z +2)
{
CalcResultsText = CalcResultsText + AgOrNormalMetabolic
+ "and a respiratory acidosis(if =>24hours)\n-""
+ AgOrNormalMetabolic + " uncompensated (if <24hours)™;
}
if(floatvaluepCd2 < fleoatvalueexpectedpC02-2)
{
CalcResultsText = CalcResultsText + "= + AgOrNormalMetabolic
+ " and a respiratory alkalosis (if =24hours)\n="
+ AgOrNormalMetabolic + " uncompensated (if <24hours)\n";
}
}

Code snippet 11: if-query for the case of temppH = 1; temppCO2 = 1; tempHCO3 =1

Because the pH is acidotic and pCO:x is alkalic it cannot be a respiratory disturbance. But the
metabolic component HCO3" is low which means a metabolic acidosis is present. Knowing
that the next thing to do is use the Winter’s formula to calculate the expected pCO- so that

if there is a secondary process it won’t be missed.

This is done by the routine CalculateExpectedpCO2(true). Because there are different
approaches on the winter’s formula with a metabolic acidosis than with a metabolic alkalosis
the program needs to know which of these two disturbances is present. As before established
a metabolic acidosis is present so we call the subroutine and send this including this

information that a acidosis is present, which in this case is made by sending a “true”.
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3.3.8 Calculate the expected pCO2 aka Winter’s formula
public void CalculateExpectedpC02(boolean tempmetabolAZDALK)

{
if{tempmetabolAZDALK)
{
floatvalueexpectedpC02 = (float)1l.5 *floatvalueHC03 + 8;
h
else
{
floatvalueexpectedp(02 = (float) 0.7 * floatvalueHCOD3 + 20;
}
}

Code snippet 12: CalculateExpectedpCO2

As mentioned before this routine needs on parameter to start with: the Boolean
tempmetabolAZDALK. This Boolean basically tells the routine which formula it should
use depending on the metabolic disturbance. If the variable is set true it jumps into the
metabolic acidosis approach of the Winter’s formula and if it is false the formula for

metabolic alkalosis is used.

Winter’s formula:

Acidosis ‘ Alkalosis
expectedpC0O, = 0,7 x HCO3 + 20

expectedpCO, = 1,5 HCO3 + 8

Formula 13: Winter's formula for metabolic acidosis and alkalosis [49]

After the expected pCO:z is calculated it is set into the variable floatvalueexpectedpCO2.
Back to Code snippet 11: if-query for the case of temppH = 1; temppCO2 = 1; tempHCO3
=1.

The program now knows that a metabolic acidosis is present and it also knows the value of
pCO2 which should be present. The actual pCOz should be close to the calculated expected
one. The range differs from author to author but in this approach a +2 interval is taken as
reference. [50] For example if the measured pCO> is 30 mmHg and the calculated one is 36
mmHg this could be a hint that a second disturbance, a respiratory alkalosis, is also present

(see table below).

39



measured pCO; > expected pCO2 + 2 additional respiratory acidosis might be also

present

measured pCO» < expected pCO» - 2 additional respiratory alkalosis might be

also present

expected pCO2 + 2 < measured pCO> > | appropriate respiratory response to the
expected pCO> - 2 metabolic disturbance (if enough time past
(24 hours))

Table 3: Interpretation of the results from Winter's formula [50]

As seen in the table above there are three different ways in which the app can interpret this
ABG result:

- Metabolic acidosis with appropriate respiratory response

- Metabolic acidosis and a respiratory acidosis

- Metabolic acidosis and a respiratory alkalosis

So it is possible to mistake the low pCO: for a normal response of the human body but

is actually an additional respiratory disorder!

Depending on which if query is fulfilled the program writes the interpretation of the ABG
into the string CalcResultsText and jumps to the next screen and displays the results to the

user.

If the user entered the electrolytes the program will also calculate the ANG and includes this
issue in the interpretation (Code snippet 13: Result of an interpretation done with the app

mABHC including the ANG).
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PH: 7 58 -Respiratory Alkalosis
and a metabolic

IHCO35 19.0mmol/ glkalosis (if > 2 days)
-Respiratory Alkalosis

pCO2: 21.0 mmHg With acut metabolic
compensation

Na: 127.0 mmol/l + metabloic acidosis

duo high ANG
Cl: 79.0 mmol/I

K: 5.2 mmol/I

ANG: 34.199997

ExpectedaHCO3:
20.2 mmol/I

ExpectedcHCO3:
14.5 mmol/I

ExpectedC02: 0.0
mmHg

Code snippet 13: Result of an interpretation done with the app mABHC including the ANG
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If a metabolic alkalosis is present, the process of interpretation is the same expect for

calculating the expected pCOx:

JIPH = Alkalose (02 = Azidose HCO03 = Alkalose
else if(tempPH == 2 &% temppl02 == 2 &% tempHCO03 ==2)
{
Jimetabolic alkalpsis
CalculateExpectedpC0Z(false);
if((floatvaluepC02 < floatvalueexpectedpC02 +5)
&& (floatvaluepC02 > floatvalueexpectedpC02 -5))
{
CalcResultsText = CalcResultsText + "-Metabolic Alkalosis ™ +
"with appropriate respiratery compensation(if =24hours)\n-";
1
if (floatvaluepl02 > floatvalueexpectedpC0Z +5)
{
CalcResultsText = CalcResultsText + "-Metabolic Alkalosis " +
"and a respiratery acidosis\n™ +
"Metabolic Alkalosis uncompensated (if <24hours)\n";
1
if{floatvaluepC02 = floatvalueexpectedpC02Z - 5)
{
CalcResultsText = CalcResultsText + "-Metabolic Alkalosis " +
"and a respiratory alkalosis\n™ +
"Metabolic Alkalosis uncompensated (if <24hours)\n";
}
1

Table 4: if-query for the case tempPH = 2; temppCO2 = 2; tempHCO3 =2

As explained above the function CalculateExpectedpCO2 needs to know if a metabolic
alkalosis or acidosis is present. In this case a metabolic alkalosis is present so it is called

with a false.

Compared with the Winter’s formula for acidosis the alkalosis case has different reference

ranges: £ S mmHg [29].

After knowing the expected pCO- there are three different possibilities:
- Metabolic alkalosis with appropriate respiratory response
- Metabolic alkalosis and a respiratory acidosis

- Metabolic alkalosis and a respiratory alkalosis
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These approaches are also done if the measured pCO; is within its normal range because as

established before it could exist an additional respiratory disorder!

fAPH = Alkalosis C0Z2 = Normal HCO3 = Alkalosis

else if (tempPH == 2 && temppC02 == 3 && tempHCO3 == 2)
{...}

f/PH = Acidosis C0Z2 = Normal HCO3 = Acidosis
else if (tempPH == 1 &4 temppC02 == 3 && tempHCO3
{...}

Code snippet 14: if-queries for metabolic disorders with normal pCO2

=

1)
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3.3.9 The respiratory disorder

ffPH=Alkalose C02 = Alkalpse HCOZ = Azidose
else if(tempPH == 2 && temppC02 == 1 && tempHCO03==1)
{

CalculateExpectedHCO3(false);

if{floatvalueHC02 > floatvalueexpectedacutHC03+2)

{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis
"and a metabolic alkaleosis (if < 2 days)\n";
h
if{floatvalueHC03 < floatvalueexpectedacutHC03-2)
{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis
"and a metabolic acidosis (if < 2 days)\n™;
h
if{floatvalueHC03 > floatvalueexpectedchronicHC03+2)
{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis
"and a metabolic alkaleosis (if = 2 days)\n";
h
if(floatvalueHC03 < floatvalueexpectedchronicHC03-2)
{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis
"and a metabolic acidosis (if > 2 days)\n™;
h

if(floatvalueHC03 < floatvalueexpectedacutHCO3 +2
&& floatvalueHC03 > floatvalueexpectedacutHC03 -2)
{

CalcResultsText = CalcResultsText + " -Respiratory Alkalosis " +

"with appropriate compensation (if < 2 days)\n":
b
if(floatvalueHC03 < floatvalueexpectedchronicHC03 +2
&& floatvalueHC03 > floatvalueexpectedchronicHC03 -2)
{

CalcResultsText = CalcResultsText + " -Respiratory Alkalosis " +

"with appropriate metabolic compensation (if = 2 days)\n":

b

Code snippet 15: if-query for the case of tempPH = 2; temppCO2 =1; tempHCO3 =1

The respiratory disorders are basically done with the same approach as the metabolic ones,

with some short adjustments because for example the Winter’s formula does not apply on

the respiratory acid base disturbances.

Let’s assume the tempPH = 2, temppCO2 = 1 and tempHCO3 = 1. Following the systematic

approach the app uses this equals a respiratory alkalosis.
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As explained above, the body’s answer on a respiratory disorder is established by the kidneys

and the liver and takes some time to reach the full capacity.

For the acute phase a 10 mmHg drop of pCO2 equals a 2 mmol/l decrease of HCO3™ below
a pCO; of 40 mmHg. The chronic phase equals a 5 mmol/l decrease of HCO3 for every 10
mmHg drop of pCO2 below 40 mmHg.

Knowing that it is possible to establish a formula to calculate the expected HCO3™ in the

respiratory alkalosis:

acute phase ( <2 days):

expected HCO; = 24 — 2 * [(40 — measured pC0,)/10]
chronic phase (> 2 days):

expected HCO3; = 24 — 5 * [(40 — measured pC0,)/10]

Table 5: formula for calculating the expected HCO3 in the respiratory alkalosis

A very similar formula is used with the approach on a respiratory acidosis:

acute phase ( <2 days):
expected HCO; = 24 + [(measured pC0O, — 40)/10]
chronic phase (> 2 days):
expected HCO; = 24 + 4 = [(measured pC0O, — 40)/10]

Table 6: formula for calculating the expected HCO3 in the respiratory acidosis

For every 10 mmHg increase of pCO> above 40 mmHg the HCO3 increases by 1 mmol/l in
the acute phase. In the chronic phase after all organs reached their maximum power a 4
mmol/l HCOs™ increase for every 10 mmHg increase of pCO2 above 40 mmHg is achieved

[29].

As seen in Code snippet 15 the routine calls the function CalculateExpectedHCO3() with

the parameter false.
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3.3.10 Calculate Expected HCO3"

public void CalculateExpectedHCO03(boolean temprespiAZDALK)

1
/fAcut || chronic respiratory Acidosis
if(temprespiAZDALK)
floatvalueexpectedacutHC03 = 24 + ((floatvaluepC02-40)/10);
/fchronic
fleoatvalueexpectedchronicHC03 = 24 + 4%((fleatvaluepC02-40)/10);
h
ffAcut || chronic respiratory Alkalosis
else
{
floatvalueexpectedacutHCD3 = 24 - 2%({40-floatvaluepC02)/10);
/fchronic
floatvalueexpectedchronicHCO03 = 24 - 5%({d40-floatvaluepC02)/10):
h
ks

Code snippet 16: function CalculateExpected HCO3

Because there are two different formulas for the respiratory acidosis and the alkalosis the
routine needs to know which one is present. This is accomplished by sending a true or false

state upon calling the function. True equals an acidosis and false an alkalosis.

As explained in Table 5 & Table 6 on page 41 there are different formulas for the acute and
the chronic phase of the respiratory disorder. Depending on which disorder is present the
correct formula is used and the calculated values of the expected HCO3™ are saved into the

two variables floatvauleexpectedacutHCO3 and floatvalueexpectedchronicHCO3.

After the calculating process is finished the interpretation of the numbers starts.
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Back to the case of the respiratory alkalosis:

Now the app needs to check if the amount of bicarbonate is in the reference range of the

normal metabolic compensation process. The reference range is + 2 mmol/l for the calculated

expected acute and chronic HCO3™ [29]. Knowing that there are six different options,

depending on the duration of the acid base disturbance:

acute phase ( <2 days)

measured HCO3™ > expected acute

HCO3; +2

additional metabolic alkalosis might be also

present

measured HCO3™ < expected acute

HCOs3 -2

additional metabolic acidosis might be also

present

expected acute HCO3z™ + 2 < measured

HCOs3™ > expected acute HCO3™ - 2

appropriate metabolic response to the

metabolic disturbance

chronic phase ( > 2 days)

measured HCO3™ > expected chronic HCO3"
+2

additional metabolic alkalosis might be also

present

measured HCO3™ < expected chronic HCO3"
-2

additional metabolic acidosis might be also

present

expected chronic HCO3™ + 2 < measured

HCOs3™ > expected chronic HCO3™ - 2

appropriate metabolic response to the

metabolic disturbance

Table 7: interpretation of the calculated HCO3 values in the respiratory alkalosis

The app will write out two of these six different options (for acute and chronic) and the

physician then needs to establish how long the patient has been sick and if the change in

bicarbonate is within the normal range.
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The same principle mechanism is used in interpreting a respiratory acidosis with one

exception the function CalculateExpectedHCO3 is called with a true.

S APH

= Acidosis 002 = Acipdsis HCO3 = Alkalosis

else if (tempPH = 1 && temppC02 == 2 && tempHCO3 == 2)

{

b

CalculateExpectedHCO3(true);
if{floatvalueHC03 > floatvalueexpectedacutHC03+2)

{
CalcResultsText = CalcResultsText + “respiratory acidosis " +
“"and a metabolic alkalosis (if = 2 days)\n";
¥
if{floatvalueHC03 < floatvalueexpectedacutHC03-2)
{
CalcResultsText = CalcResultsText + “respiratory acidosis " +
“"and a metabolic acidesis (if < 2 days)\n";
¥
if{floatvalueH{03 > floatvalueexpectedchronicHC03+2)
{
CalcResultsText = CalcResultsText + "-respiratory acidosis " +
"and a metabolic alkalosis (if > 2 days)\n";
¥
if({floatvalueHC03 < floatvalueexpectedchronicHC03-2)
{
CalcResultsText = CalcResultsText + "-Respiratory acidosis " +
“"and a metabolic acidesis (if > 2 days)\n";
b
if{floatvalueHC03 < floatvalueexpectedacutHCO3 +2
&4 floatvalueHCO3 > floatvalueexpectedacutHC03 -2)
{
CalcResultsText = CalcResultsText + " -Respiratory Acidesis " +
"with metabolic compensation (if < 2 days)\n";
b
if{floatvalueHC03 < floatvalueexpectedchronicHCO3 +2
&4 floatvalueHCO03 > floatvalueexpectedchronicHC03 -2)
{
CalcResultsText = CalcResultsText + " -Respiratory Acidesis " +
"with metabolic compensation(if > 2 days)\n";
¥

Code snippet 17: if-query for the case tempPH = 1; temppCO2 = 2; tempHCO3 =2
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3.3.11 What if the pH is normal?

The chapter before discussed the metabolic/respiratory acidosis and the
metabolic/respiratory alkalosis. As explained in the Introduction chapter the human body
has a variety of buffer systems which are able to hold the pH in a normal level if for example
the disorder is not that strong or occurred a longer time ago. In this case the pH can seem
normal but the metabolic and respiratory parameter (HCO3", pCO>) might already be out of
their reference ranges. In this case of tempPH = 3 (which means normal range) the app check
the two other variables if a disorder occurred and depending on this outcome which form of

disorder is present.

//Ph = Normal €02 = Normal HCO3 = Normal

else if (tempPH = 3)

\ if(temppC02 = 3 && tempHCO3 = 3)
! CalcResultsText = "Normal BGA\n";
]if{tempptﬂz = 1 && tempHCO3 == 1)
i‘i‘:[il:impptﬂz = 2 && tempHCO3 == 2)
iil"l[il:impptﬂz = 1 && tempHCO3 == 2)
iil"l[il:impptﬂz == 1 &% tempHC03 = 3)
iil"l[il:impptﬂz == 2 && tempHCO3 = 1)
iil"l[il:impptﬂz == 3 && tempHCO3 = 1)
iil"l[il:impptﬂz == 2 && tempHC03 = 3)
iil"l[il:impptﬂz == 3 && tempHCO3 = 2)
{...}

b

Code snippet 18: if-query in the case of tempPH =3

Every possible combination is checked in this if-query but because no azidemia or alkalemia
is present it is a little bit more complicated because a decreased pCO2 and HCOj3™ can mean

a respiratory alkalosis or a metabolic acidosis.
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if (temppC02 == 1 && tempHCO03 == 1)
{

}

CalculateExpectedHC03(false);
CalculateExpectedpC02(true);

if(floatvalueHC03 > floatvalueexpectedacutHCO3+2)

{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis " +
"and a metabolic alkalosis (if < 2 days)\n™;
}
if{floatvalueHCD3 < floatvalueexpectedacutHC03-2)
{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis " +
"and a metabolic acidosis (if =< 2 days)\n";
}
if(floatvalueHC03 > floatvalueexpectedchronicHC03+2)
{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis " +
"and a metabolic alkaleosis (if = 2 days)\wn™;
}
if{floatvalueHCD3 = floatvalueexpectedchronicHC03-2)
{
CalcResultsText = CalcResultsText + "-Respiratory Alkalosis " +
"and a metabolic acidosis (if > 2 days)\n";
}
if{floatvalueHC03 = floatvalueexpectedacutHCO3 +2
&& floatvalueHCO3 > floatvalueexpectedacutHC03 -2)
{
CalcResultsText = CalcResultsText + " -Respiratory Alkalosis ™ +
"with appropriate metabolic compensation (if < 2 days)\.n";
}

if{floatvalueHCD3 = floatvalueexpectedchronicHCO3 +2
&& floatvalueHCO3 > floatvalueexpectedchronicHCO3 -2)
{
CalcResultsText = CalcResultsText + " -Respiratory Alkalosis ™ +
"with appropriate metabolic compensation (if > 2 days)\n";

1

if((floatvaluepC02 < floatvalueexpectedpC02 +2)
&& (floatvaluepC0Z > floatvalueexpectedplD2 =2))

{
CalcResultsText = CalcResultsText + AgOrMormalMetabolic
+ " with appropriate respiratory compensationin™;
}
if (floatvaluepC02 > floatvalueexpectedpC02 +2)
{
CalcResultsText = CalcResultsText + AgOrNormalMetabolic
+ " and a respiratory acidosis (if >24hours)\n" +
"-Metabolic Acidosis uncompensated (if <24hours)\n";
}
if{floatvaluepCD2 = floatvalueexpectedpCD2-2)
{
CalcResultsText = CalcResultsText + AgOrNormalMetabolic
+ " and a respiratory alkalosis\n™;
}

Code snippet 19: if-query in the case of tempPH = 3; temppCO2 =1; tempHCO3 =1
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As seen in Code snippet 19 the two combinations are checked if they are possible by calling
both functions CalculateExpectedpCO2(true) and CalculateExpectedHCO3(false). After
that it is possible to differentiate which disorder is present depending on the values of the

calculated HCO3™ and pCOs.

This is done with every other possible combination of tempHCO3 and temppCO?2.

3.3.12 Write Results Out

public void WriteResultsOut()

{
setContentView(R. layout.mabhc_new _calc_results_layout);
listviewValues = (ListView)findViewById(R.id.listviewlalues);
txtViewResultsofCalc = (TextView)findViewById(R.id.txtViewResultsofCalc);
String[] values = new String[] { "PH: " + floatvaluePH.toString(),
"HCDO3: " + floatvalueHCO3.toString() + " mmol/L",
"pC02: " + floatvaluepCO02.toString() + " mmHg",
"Na: " + floatvalueNA.toStringl() + ™ mmol/1",
"Cl: " + floatvalueCL.toString() + " mmol/1",
"K: " + floatvalueK.toString{) + " mmol/1",
"ANG: " + floatvalueANG.toString(),
"ExpectedaHCD3: " +floatvalueexpectedacutHC03 + " mmol/1",
"ExpectedcHCD3: " +floatvalueexpectedchronicHCO3 + " mmol/1",
"ExpectedC02: " + floatvalueexpectedpCO2 + " mmHg"
b
ArrayAdapter<String> adapter = new ArrayAdapter
<5tring=(this, R.layout.mabhc_listview showvalues,values);
listviewValues.setAdapter(adapter);
tatViewResultsofCalec.setText(CalcResultsText);
¥

Code snippet 20: WriteResultsOut()

All the above explained calculations and mechanism lead to this last important screen. The

screen which presents the results to the user.
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On the left side of the screen a so called ListView is visible. A ListView is a container for
many different strings, like a table. In this case it contains all the entered values as well as
the calculated ones (see above), so that the user can check if the values are valid and/or if
he/she made an input error. On the right side of the screen a TextView txtViewResultsofCalc

is placed which shows the interpretation of the ABG.

PH: 7.4 Normal BGA

HCO3:24.0 mmol/
|

pCO2: 40.0 mmHg
Na: 0.0 mmol/I

Cl: 0.0 mmol/I

K: 0.0 mmol/I

ANG: 0.0

ExpectedaHCO3:
0.0 mmol/I

ExpectedcHCO3:
0.0 mmol/I

ExpectedC02: 0.0
mmHg

Code snippet 21: output of the function WriteResultsOut()
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3.3.13 CALC ANG

public veid CalculateANG(View btnCalculateANGCLick)

{
TextView txtViewANGValue = (TextView){findViewById(R.id. txtViewdANGValue));

try {
try {
floatvalueNA = Float.parseFloat{edittxtNA.getText().toString(}};
} catch (NumberFormatException e} {
e.printStackTrace();
}

try {
floatvalueCL = Float.parseFloat{edittxtCLl.getText().toString(}};
} catch (MumberFormatException e) {
e.printStackTrace(};
try {
floatvalueK = Float.parseFloat{edittxtk.getText().toString());
} catch (MumberFormatException e) {
e.printStackTrace(};
}
if{IfOnlyANGCalc)
{
floatvalueHCO3 = Float.parseFloat{edittxtHC03.getText().toString());
IfOnlyANGCalc = false;
}
if (TextUtils.isEmpty(edittxtK.getText(})) {
floatvalueANG = floatvalueNA - floatvalueCL - floatvalueHCO3;

1 else {
floatvalueANG = floatvalueNA + floatvalueK - floatvalueCL - floatvalueHCOD3;
1

} catch (MumberFormatException e} {

e.printStackTrace();

Toast.makeText(getApplicationContext(), “Hier is da Error”, Toast.LENGTH_LONG).show();
¥

txtViewdNGValue.setText{"ANG: " + floatvalueANG.toString() +"\nNormal 8-16");
b

Code snippet 22: CalculateANG()

The function Calculate ANG() is used in two different forms:
- calculating the ANG in a complete interpretation of a ABG result
- only calculating the ANG

Depending on which case is present the are a few things different but the basic calculation
process still stays the same. Also, there are two different layouts for the two options, because

if the user only wants to calculate the ANG he needs to enter the HCO;™ additionally.

The first step is to link the existing variables to their corresponding EditText. After that the

program checks if the user wants to calculate the ANG with potassium or without:
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if (TextUtils.isEmpty{edittxtK.getText())) {
floatvalueANG = floatvalueMA - floatvaluellL - floatvalueHCO3;
T else {
floatvalueANG = floatvalueNA + floatvalueK - floatvaluelCL - floatvalueHCO3;

F

Code snippet 23: check if the user wants the ANG calculated including potassium

If the EditText of K" is empty the app knows that the user does not want the potassium

included in the calculation otherwise it is included in the formula.

After this is done the result is saved into the variable floatvalueANG and can be accessed
from every other function and if the user only wanted the ANG it is displayed including the

normal reference range.

54



4 Examples with cases from the literature

4.1 Manual workaround

4.1.1 Case 1 — Postoperative cardiac arrest

Patient after postoperative cardiac arrest. ABG results [51]:

pH 7.27

pCO2 55.4 mmHg
HCOs5" 24,3 mmol/l
Na® 138 mmol/l
Cr 103 mmol/l
K* 4,7 mmol/l

Table 8: ABG results for Case 1 - Postoperative cardiac arrest

The pH is decreased under 7.35, the pCOs: is elevated above 45 mmHg and the HCO3™ is

within the normal range.

pCO:s2 is decreases which means this is an acidotic process which is also seen in the pH. The

HCOs" is within its normal range so a respiratory acidosis is present.

Now it is necessary to confirm that no an additionally acid base disorder is present by

calculating the expected HCO3". For every 10 mmHg rise in pCOz> in the acute period (< 2

days) a rise of 1 mmol/l of HCO3™ would be normal.

expected HCO3; = 24 + [(measured pC0O, — 40)/10]

The expected HCO3™ is 25,5 which is very close to the actual HCO3™ so no additionally

metabolic disorder is present.

The ANG is 10,7 (without K*) which is also within the normal range.

Result:

A respiratory acidosis with appropriate (beginning) metabolic compensation is present.




4.1.2 Case 2 - A weak old lady

A weak old lady is being admitted to the emergency ambulance. Weakening since a few days
[34].

pH 7.58
pCO: 49 mmHg
HCO5 44,4 mmol/l

Na* 145 mmol/l
Cr 86 mmol/l
K* 1,9 mmol/l

Table 9: ABG results for Case 2 - A weak old lady

The pH is elevated as well as the pCO; and the HCO3". There are two options how this
combination is explainable:
- ametabolic alkalosis

- arespiratory acidosis

Because the pH is also elevated a metabolic alkalosis must be the main disorder. To confirm

this first diagnosis the expected pCO: needs to be calculated using the Winter’s formula:

expectedpCO, = 0,7 x HCO; + 20

The expected pCOz in this case would be 51 mmHg, which is very close to the measured
pCO:2 of 499 mmHg. With this it is established that currently no additionally respiratory
disorder is present. After calculating the ANG, which is 14 mmol/l also no high anion gap

acidosis is observable.

Result:
A metabolic alkalosis with appropriate (but insufficient) respiratory compensation is

present.
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4.2 Workaround done with mABHC

4.2.1 Case 1 — Respiratory failure

A 68-year-old woman with chronic obstructive airway disease presents with a since two-

hour existing worsening dyspnoea. ABG results [52]:

pH 7.28

pCO2 67 mmHg

HCO3 26.2 mmol/l

Na* -

Cr -

K* -

Table 10: ABG results for Case 1 - Respiratory failure

Results with mABHC:

PH: 7.28 -Respiratory acidosis
and a metabolic

| : O
-Respiratory Acidosis

pC02: 67.0 mmHg With metabolic
compensation (if < 2

Na: 0.0 mmol/l  days)

Cl: 0.0 mmol/I
K: 0.0 mmol/I

ANG: 0.0

ExpectedaHCO3:
26.7 mmol/I

ExpectedcHCO3:
34.8 mmol/I

ExpectedC02: 0.0
mmHg

Figure 16: Results of Case 1 - Respiratory failure with the app mABHC
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4.2.2 Case 2 — Accident

A 22-year-old woman had an accident and received 6-litres of isotonic saline. Her initial

ABG results [36]:

Excerpt: Hyperchloremia is a rise of blood chloride above 107 mmol/l. Most of the times a
Hyperchloremia does not result in severe symptoms (e.g. thirst, cerebral oedema, etc.). Some
causes for Hyperchloremia are excessive chloride administration, net water loss (e.g. fever),
renal tubular acidosis etc. [53]

pH 7.28

pCO: 39 mmHg

HCO5" 18 mmol/l

Na* 135 mmol/I
Cr 115 mmol/l
K* 3.8 mmol/l

Table 11: ABG Results for Case 2 - Accident [54]

Result with mABHC:

PH: 7.28 -Low Anion Gap
Acidosis with a

IHCO33 18.0mmol/ regpiratory acidosis+
low ANG

pC02: 39.0 mmHg
Na: 135.0 mmol/I
Cl: 115.0 mmol/I
K: 3.8 mmol/I

ANG: 5.800003

ExpectedaHCO3:
0.0 mmol/I

ExpectedcHCO3:
0.0 mmol/I

ExpectedCO2:
35.0 mmHg

Figure 17: Result of Case 2 - Accident with the app mABHC
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4.2.3 Case 3 — Diarrhoea

A 22-year-old patient developed a massive volume loss because of watery diarrhoea.

ABG results [54]:

pH 7.6
pCO: 40 mmHg
HCO3 38 mmol/l

Na* 140 mmol/I
Cr 86 mmol/l
K* 3 mmol/l

Table 12: ABG results for Case 3 - Diarrhoea [54]

Results with mABHC:

PH: 7.6 -Metabolic alkalosis

and a respiratory
HCO3: 38.0 mmol/ glkalosis

I
-normal ANG
pCO2: 40.0 mmHg

Na: 140.0 mmol/I
Cl: 86.0 mmol/I
K: 0.0 mmol/I

ANG: 16.0

ExpectedaHCO3:
0.0 mmol/I

ExpectedcHCO3:
0.0 mmol/I

ExpectedCO2:
46.6 mmHg

Figure 18: Results of Case 3 - Diarrhoea with the app mABHC
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5 Discussion

This first version of the mobile Acid Base Homeostasis Calculator demonstrates the
feasibility of developing such a solution. More development and testing is needed to make
sure the app enables the input of different combinations of gases, fluids and the electrolytes
and reports reliable results. But knowing that nearly every year a new formula or adaption
of an existing approach on an acid base homeostasis disorder is published it may become
essential to rely on electronic support systems. Currently the app offers just a basic
interpretation process with the anion gap and the calculation of the expected values of
bicarbonate and the partial pressure of carbon dioxide. More functions need to be added, like
the Stewart approach. Shown on the cases it is possible to mistake a low pCO: for an
additionally respiratory alkalosis but it can be just the respiratory compensation. More so, a
normal HCO3™ alone does not mean that no metabolic process is currently active. Every acid
base homeostasis disorder needs to be determined completely including the expected pCO»
and HCOs" so that no additionally disorder is missed. The anion gap is also a very specific
parameter in the acid base homeostasis and is able to provide critical information about the

origin of the acidosis, like a salicylate poisoning or a lactate acidosis.
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