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Abstract

“Blood chemistry abnormalities can arise for a variety of causes, including respiratory or
renal illness, obesity, and medicine. Acidosis (pH 7.35), alkalosis (pH >7.45), and high or
low amounts of essential electrolyte ions such as sodium, potassium, calcium, magnesium,
chloride, hydrogen, phosphate, and hydrogen carbonate are the results of these
imbalances (bicarbonate). They can be acute or chronic, have varying degrees of severity,
and are not always adequately countered by the body's regulatory/compensatory
processes. The hypothalamus, kidneys, and numerous hormones, including antidiuretic
hormone (ADH), aldosterone (a mineralocorticoid hormone), and parathyroid hormone,
generally manage electrolyte homeostasis (PTH). Acid-base balance is related to fluid and
electrolyte balance and is generally managed and maintained by immediate buffer systems
through the kidneys and the pulmonary system. Respiratory acidosis and alkalosis are
followed by compensatory renal bicarbonate retention and loss; metabolic acidosis and
alkalosis are accompanied by compensatory hyperventilation and hypoventilation. Mixed
metabolic diseases (e.g., diabetic ketoacidosis exacerbated by vomiting) can occur, and
diagnosis is based on clinical history and examination, as well as measurements of anion
gap, serum electrolytes, and arterial blood gases. A stepwise pathophysiologic approach
can adequately examine these illnesses.so, through this review, we are going to discuss the

lon’s levels in association with the abnormal activities of the physiological buffer systems.”



Introduction

The human body uses a variety of
physiological adaptations to maintain
homeostasis. Maintaining an acid-base
balance is one of them. In the absence of
clinical disorders, the pH of the human
body ranges from 7.35 to 7.45, with 7.40
being the average. Why is this number
chosen? Why not a neutral 7.0 rather
than a slightly alkaline 7.40? A pH of this
level is suitable for numerous biological
activities, the most significant of which is
blood oxygenation. Furthermore, many of
the intermediates of metabolic events in
the body become ionized at neutral pH,
making their usage more challenging. A
pH less than 7.35 indicates acidemia,
whereas a pH greater than 7.45 indicates
alkalemia. Because it is critical to maintain
a pH level within a small range, the human
body has compensation mechanisms.
This discussion aims to provide a
fundamental grasp of acid-base balance
in the body as well as a systematic
approach to patients who come with
diseases that cause pH changes.

There are four forms of acid-based
illnesses in the body: metabolic acidosis,
metabolic alkalosis, respiratory acidosis,
and respiratory alkalosis. If one of these
situations happens, the human body
should respond by inducing a
counterbalance in the form of an
opposing state. For example, if a person

has metabolic acidemia, their body will
seek to adjust by inducing respiratory
alkalosis. It is unusual for the
compensation to restore the pH to
normal at 7.4. When one uses the terms
acidemia or alkalemia, it means that the
general pH is acidic or alkalotic,
respectively. While it is not required, it
might be advantageous to use this
language to distinguish between separate
processes and the patient's overall pH
state because many imbalances can occur
at the same time.

At the cellular level, recognizing acid-base
homeostasis in the human body requires
a fundamental understanding  of
respiration. Human existence requires
aerobic cellular respiration; humans are
obligate aerobes. While individual cells
may do anaerobic respiration, oxygen is
required to support life. Carbon dioxide is
a result of aerobic cellular respiration.
This carbon dioxide contributes to the
body's acid-base balance, as evidenced by
the following reaction:

o CO2+H20<->H2C03 <-> HCO3- +
H+

Carbonic acid is generated when carbon
dioxide from cellular respiration reacts
with water. After then, carbonic acid
dissociates into bicarbonate and a
hydrogen ion. This response is one of the
several buffer systems in the human
body; it resists drastic pH fluctuations,



allowing a person to stay within the
restricted physiological pH range. This
buffer system is in equilibrium, which
means that all components of the
reaction exist throughout the body and
have been moved to the proper side of
the equation for the environment. This
reaction may and does take place without
the use of an enzyme; however, carbonic
anhydrase is an enzyme that aids in the
process. It catalyzes the first process
described above to produce carbonic
acid, which may then dissociate freely
into bicarbonate and a hydrogen ion. Red
blood cells, renal tubules, stomach
mucosa, and pancreatic cells all contain
carbonic anhydrase. The phosphate
buffer system, proteins, and hemoglobin
are all examples of buffer systems in the
human body. All of them contain bases
that take hydrogen ions, preventing the
pH from falling. While distributed
throughout the body, the phosphate
buffer system is critical for urine pH
control. Proteins aid in the control of
intracellular ph. The aforementioned
process is used by red blood cells to aid
hemoglobin buffer; carbon dioxide can
pass through red blood cells and interact
with water. This would result in an
increase in hydrogen ions on its own;
however, hemoglobin can bind hydrogen
ions. Without this process, hemoglobin
may also bind to carbon dioxide. This is
determined by the quantity of oxygen
bound to hemoglobin. This is known as
the Haldane and Bohr effects. When

hemoglobin is oxygen-saturated, it has a
decreased affinity for CO2 and hydrogen
ions and can release them.

At the organic level, every organ system
in the human body is dependent on pH
balance, but the renal and pulmonary
systems are the two principal modulators.
Carbon dioxide is used by the pulmonary
system to regulate pH; during expiration,
carbon dioxide is released into the
environment. Because carbonic acid is
formed in the body when carbon dioxide
combines with water, the amount of
carbon dioxide expelled can cause pH to
rise or fall. When the respiratory system
is used to adjust for metabolic pH
changes, the impact takes minutes to
hours. By reabsorbing bicarbonate and
excreting fixed acids, the renal system
influences pH. The kidney excretes or
reabsorbs various pH-altering chemicals,
whether as a result of disease or as a
required compensatory mechanism. The
nephron is the kidney's functional unit.
Glomeruli are blood arteries that convey
compounds detected in the blood to the
renal tubules, where some are filtered
out and others are reabsorbed into the
blood and recycled. This holds for
hydrogen ions as well as bicarbonate.
When bicarbonate is reabsorbed and/or
acid is secreted into the urine, the pH
rises (increases). When bicarbonate is not
reabsorbed or acid is not expelled in the
urine, the pH rises (decreases). The renal



system's metabolic correction takes
longer to occur, days instead of minutes
or hours.

Pathophysiology

There are several reasons for primary
metabolic acidosis, often known as the
main acid-base imbalance. These are
classified as having a significant anion gap
and those that do not. The plasma anion
gap can assist doctors in determining the
source of metabolic acidosis. When there
is metabolic acidosis, particularionsin the
blood are tested to assist pinpoint the
cause of the acidemia. When bicarbonate
is lost as a result of it interacting with a
hydrogen ion that was previously linked
to a conjugate base, the anion gap
widens. Carbonic acid is formed when
bicarbonate reacts with a hydrogen ion
(H2CO3). Any negatively charged ion that
isn't bicarbonate or chloride can act as
the conjugate base. The formula for the
anion gap is:

e [Na]-([Cl]+[HCO3])

Although humans are electrically neutral,
not all cations and anions are detected.
The standard anion gap is 8 +/- 4. The
majority of this figure is attributable to
albumin; this anion is not accounted forin
the calculation, which is one of the main
reasons why the gap is not closer to zero.
The normal albumin concentration is 4
mg/dL. Because albumin has a big
influence on the anion gap, if a patient's

albumin level is aberrant, their projected
anion gap will be incorrect. Simple math
may be used to remedy this. The normal
anion gap and albumin level diverge by a
factor of three (normal anion gap of 12
and albumin level of 4 mg/dL). If a patient
has an anion gap of 24, it signifies that 12
units of a conjugate base present would
not typically be present due to the
interaction of hydrogen ions with
bicarbonate. If this patient has an albumin
level of 3mg/dL, their predicted anion gap
should be around 9. This indicates that
instead of 12 units of the conjugate base,
there are 15 units.

The strong ion difference/strong ion gap
is @ more complicated way of measuring
ion contribution to pH changes. This
technique stresses the influence of other
ions on acid-base balance and is excellent
for learning about it. This method,
however, is more time-consuming and
includes more computations than the
traditional anion gap method. As a result,
many people consider that its application
in clinical practice is restricted.

MUDPILES is a mnemonic that has
traditionally been used to teach students
about the causes of high anion gap
metabolic acidosis. Methanol, uremia,
diabetic  ketoacidosis,  paraldehyde,
infection, lactic acidosis, ethylene glycol,
and salicylates are all abbreviations for
MUDPILES. GOLDMARK, a new
mnemonic, has been proposed as an
upgrade. GOLDMARK is a misspelling of



glycols  (ethylene and propylene),
oxoproline, lactate, methanol, aspirin,
renal failure, and ketones. If a patient has
an anion gap greater than 12, these
mnemonics might help them recall the
potential reasons for the disease.

{narrow Anion Gap Metabolic Acidosis}

If the acidosis is caused by a typical anion
gap, there is a loss of bicarbonate rather
than an increase in hydrogen ions, with a
corresponding rise in chloride ions.
Chloride ions move out of cells and into
the extracellular environment to maintain
physiological neutrality. This raises the
patient's serum chloride while
maintaining the anion gap at a reasonable
level. This indicates that a metabolic
acidosis that does not have an anomalous
anion gap is also a hyperchloremic
metabolic acidosis. Many procedures can
cause metabolic acidosis without an
increased anion gap, including severe
diarrhea, type | renal tubular acidosis
(RTA), long-term use of carbonic
anhydrase inhibitors, and stomach
suctioning. When a patient has narrow
ion gap hyperchloremic acidosis, the
provider can calculate the urine anion gap
(UAG) to assist in determining the cause.
The urine anion gap equation, where Na
is sodium, K is potassium, and Cl is
chloride, is as follows:

e (Na+K)-Cl

By excreting ammonium (NH4+) into the
urine, the renal system seeks to mitigate
the consequences of pathological

metabolic acidosis. A UAG concentration
of 20 to 90 mEg/L indicates poor or
normal NH4+ secretion. A value of -20
mEqg/L to -50 mEqg/L indicates that the
primary cause of metabolic acidosis is
continuous severe diarrhea.

The Winter formula is another key
formula to utilize in metabolic acidosis.
This equation calculates the predicted
PCO2 value for the clinician. This is
significant because another acid-base
problem might be present. The Winter
formula is as follows:

o Expected PCO2= (1.5 X HCO3) + 8
+/-2

If the PCO2 reading is within the normal
range, there is no mixed disease, only
respiratory compensation. When the
result is lower or greater than predicted,
there is a mixed condition; lower
indicates a respiratory alkalosis, while
higher indicates a respiratory acidosis.
The Winter formula can be simplified by
assuming that the last two digits of the pH
+/- 2 are about equivalent to the
predicted PCO2.

{Respiratory Acidosis}

Carbon dioxide generated by cellular
respiration is expelled into the
environment during exhalation. Carbonic
acid is formed in the human body when
carbon dioxide interacts with water via
carbonic anhydrase and dissociates into a
hydrogen ion and bicarbonate. This is why
a slower respiratory rate results in a lower
pH; the more carbon dioxide breathed;



the less carbon dioxide is available for this
reaction.

Hypoventilation is a common cause of
respiratory acidosis as the main disease.
This can be caused by a variety of factors
such as chronic obstructive lung disease,
opiate abuse/overdose, extreme obesity,
and brain damage. When respiratory
acidosis occurs, the metabolic reaction
should be to raise bicarbonate levels
through the renal system. This does not
always happen, and renal disease can
readily obstruct the normal physiological
reaction, putting the patient at greater
risk.

{Metabolic Alkalosis}

Metabolic alkalosis can also be divided
into two categories to help determine the
cause: chloride responsive and non-
chloride responsive. In non-chloride-
responsive metabolic alkalosis, the urine
chloride level is 20 mEg/L. Some of the
causes include vomiting, hypovolemia,
and the use of diuretics.

{Respiratory Alkalosis}

Any condition that causes an increase in
carbon dioxide expiration might result in
respiratory alkalosis. When excess CO2 is
expelled, the pH of the human body rises
because less carbonic acid is produced.
The proper physiological compensation is
a reduction in the quantity of bicarbonate
produced by the renal system. Panic
episodes with hyperventilation,
pulmonary embolism, pneumonia, and

salicylate overdose are all possible causes
of respiratory alkalosis.

Finally, on the clinical bias. One of the
most important physiological processesin
the human body is acid-base balance. The
therapeutic importance of acid-base
balance is difficult to refute. Some of the
most prevalent reasons for
hospitalization include illnesses that
might hurt the acid-base balance. This is
why doctors must grasp the fundamental
principles that regulate this aspect of
human homeostasis.

Literature review

Evaluation of respiratory acidosis

As it came in Berend K, de Vries AP, Gans
RO, Respiratory acidosis occurs when
arterial partial pressure levels of carbon
dioxide (PCO2) rise over the usual range
of 35to 45 mmHg as a result of poor CO2
removal. This causes a buildup of
hydrogen ions, lowering the arterial pH
below 7.35. It can be acute or chronic,
and if the underlying cause is not
identified and treated, it can lead to
respiratory collapse and death. COPD,
multilobar pneumonia, foreign body
aspiration, medication usage (such as
sedatives, anesthetics, alcohol, and
opioids), and oxygen treatment in COPD
patients are all causes of respiratory
acidosis. Obesity and COPD are two of the
most prominent causes of chronic
respiratory acidosis. Respiratory acidosis
is characterized clinically by respiratory


https://bestpractice.bmj.com/topics/en-us/462

depression (hypoventilation),
obtundation, hemodynamic instability,
and respiratory muscle exhaustion
(accessory  muscle use, dyspnea,
tachypnea).

Evaluation of respiratory alkalosis

In Foster GT, Varizi ND, Sassoon CS,
mentioned the following, Respiratory
alkalosis is an acid-base condition defined
by a fall in arterial partial pressure of CO2
below the normal range of 35 to 45
mmHg, resulting in a rise in pH above 7.45
and a consequent decrease in
bicarbonate from a normal value of 24
mEg/L. The drop in PCO2 is often caused
by alveolar hyperventilation, which
results in an excess of CO2 excretion
relative to production. Respiratory
alkalosis is caused by a variety of factors,
including pulmonary embolism, sepsis
and systemic inflammatory response
syndrome  (SIRS), acute respiratory
distress syndrome (ARDS), pneumonia,
and hyperventilation syndrome.
Respiratory alkalosis can be either acute
or chronic.

Evaluation of metabolic acidosis

Also, Batlle DC, Hizon M, Cohen E, et al.
revealed that an arterial pH of less than
7.35, a drop in plasma bicarbonate levels,
and/or a significant rise in the anion gap
all suggest metabolic acidosis. When the
anion gap is normal (6-12 mEqg/L), the
most prevalent reasons are
gastrointestinal or renal. This is also
known as hyperchloremic metabolic
acidosis or non-anion gap metabolic

acidosis. Diabetic ketoacidosis, alcoholic
ketoacidosis, lactic acidosis, renal illness,
or intake of methanol, ethanol, ethylene
glycol, propylene glycol, 5-oxoproline
(e.g., in individuals with chronic
acetaminophen ingestion), or salicylic
acid are all causes of the increased anion
gap. When there is simple metabolic
acidosis, the usual adaptive respiratory
response reduces arterial PCO2 by 1.0 to
1.5 times the reduction in serum
hydrogen carbonate (bicarbonate). Fencl
V, Miller TB, Pappenheimer JR. said that
because of its depressing effects on
cardiovascular function, increased risk of
cardiac  arrhythmias, activation of
inflammation, and inhibition of the
immunological response, acute metabolic
acidosis is linked with increased morbidity
and mortality.

Evaluation of metabolic alkalosis

Miller RB. And Morrison RS. Both agreed
on Metabolic alkalosis is defined as a
raised arterial pH greater than 7.45 as a
result of illnesses that produce either a
loss of hydrogen ions from the body or an
increase in plasma bicarbonate over the
usual amount of 24 mEqg/L. Gastric
secretion loss (e.g., vomiting) and
mineralocorticoid excess are two possible
causes. Tingling, muscular cramps,
paralysis, heart arrhythmias, and/or
seizures may occur in patients. Some
symptoms might be caused by a drop in
circulating calcium, which happens when
the pH is high. Without any prior
symptoms, patients may develop
significant or deadly arrhythmias and/or
seizures. In individuals with prolonged
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respiratory  acidosis,
metabolic  alkalosis
unintentional finding.

compensatory
may be an

Evaluation of hyponatremia

Spasovski G, Vanholder R, Allolio B, et
al. Defined hyponatremia as serum
sodium <135 mEq/L; severe
hyponatremia is defined as serum sodium
<120 mEqg/L. Hyponatremia is a common
electrolyte disorder and is estimated to
occur in 15% of all hospital inpatients.
Mohan S, Gu S, Parikh A, et al. approved
that Hyponatremia patients have a higher
morbidity and death rate. When serum
sodium levels are low, plasma osmolality
is also low, with a few exceptions
(hypotonic hyponatremia). While
identified by sodium levels, hypotonic
hyponatremia is a water balance
condition. The use of thiazide diuretics
and the provision of hypotonic fluids to
patients are two common reasons (more
likely to affect older people).
Hyponatremia may potentially indicate
the existence of significant underlying
medical conditions. Patients who acquire
hyponatremia as a result of a head injury,
intracranial surgery, subarachnoid
hemorrhage, stroke, or brain tumors may
have the cerebral salt-wasting syndrome
of inappropriate antidiuretic hormone
syndrome (SIADH). Increased salt loss
from the kidney and hyponatremia results
from a reduction in aldosterone
production (e.g., Addison disease). As
summarized in Wakil A, Ng JM, Atkin SL.

Evaluation of hypernatremia

10

A plasma sodium content of more than
145 mEq/L is considered hypernatremia.
Hypernatremia is a condition of
hyperosmolality caused mostly by a lack
of water or an increase in sodium.
Normally, chronically high sodium levels
cause the production of antidiuretic
hormone (ADH), which stimulates thirst
mechanisms and prevents hypernatremia
from developing. Patients in hospitals
frequently have reduced thirst
mechanisms, limited access to water, and
an elevated risk of water loss (e.g., due to
vomiting or fever). They are also
vulnerable to iatrogenic insufficient fluid
replenishment. Hypernatremia can also
be caused by endocrine disorders such as
diabetes insipidus and mineralocorticoid
excess. The volume status should be the
focus of the examination.

Evaluation of hypokalemia

Defined is characterized by a serum
potassium level of 3.5 meEg/L. Clinical
signs include muscular weakness, ECG
alterations, cardiac arrhythmias,
rhabdomyolysis, and renal abnormalities
if the serum potassium level is 3.0 mEqg/L
or above. Hypokalemia can be caused by
a reduction in potassium intake, an
increase in potassium entry into cells, an
increase in potassium excretion, dialysis,
or plasmapheresis. Vomiting, severe
diarrhea, laxative and colon cleaning
agent used in bulimia nervosa, chronic
alcoholism, anorexia nervosa, renal
tubular acidosis, primary aldosteronism,
salt-wasting nephropathies, and cystic
fibrosis are all causes of hypokalemia.
Some drugs, such as diuretics, insulin


https://bestpractice.bmj.com/topics/en-us/57
https://bestpractice.bmj.com/topics/en-us/58
https://bestpractice.bmj.com/topics/en-us/59

therapy for DKA or nonketotic
hyperglycemia, beta-agonists such as
albuterol or terbutaline, theophylline,
chloroquine, laxative abuse or bowel-
cleansing agent usage, and vitamin B12 or
folic acid administration in megaloblastic
anemia, can induce hypokalemia. That
was a result of the work of Liu T, Nagami
GT, Everett ML, et al., Rose BD, Post TW.,,
Godek SF, Godek JJ, Bartolozzi AR. And
Dave S, Honney S, Raymond J, et al.

Evaluation of hyperkalemia

Serum potassium levels of more than 6.0
mEqg/L  are considered  significant
hyperkalemia. Serum potassium levels in
the 5.0t0 6.0 mEg/L range are considered
moderate hyperkalemia. Hyperkalemia
can be fatal, and it can induce cardiac
arrhythmias (ventricular fibrillation) by
interfering with the cardiac action
potential. The cause of hyperkalemia is
frequently complex. It might be caused by
the efficient depletion of the circulation
volume caused by heart failure mixed
with ACE medications, or it could be
caused by increased dietary potassium
consumption associated with chronic
renal failure. A comprehensive history of
comorbidities and drugs that may
enhance cellular potassium release or
decrease urine excretion is required.
Renal dysfunction, volume depletion, and
hypoaldosteronism all-cause decreased
potassium excretion. In individuals with
comorbidities, dietary variables (e.g.,
excessive consumption of potassium-rich
foods) or drugs can swiftly lead to
hyperkalemia. All of these came in
Hollander-Rodriguez JC, Calvert JF.
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Evaluation of hypocalcemia

Hypocalcemia is an electrolyte imbalance
characterized by a low amount of
circulating serum calcium. Hypocalcemia
is caused primarily by either inadequate
calcium entry into the circulation or
excessive calcium removal from the
circulation. latrogenic postsurgical
hypoparathyroidism (usually transient),
vitamin D deficiency, hypomagnesemia,
hyperventilation,  hypoparathyroidism,
pseudohypoparathyroidism,
hyperphosphatemia, hungry bone
syndrome (rapid influx of calcium into the
bones, causing more  prolonged
hypocalcemia following
parathyroidectomy), acute pancreatitis,
and drug-induced hypocalcemia are all
possible causes. It has also been observed
in critically unwell individuals.
Hypocalcemia can range from a simple
asymptomatic metabolic anomaly to a
potentially fatal condition. Paresthesia,
tetany, and seizures can occur as a result
of acute  hypocalcemia.  Physical
indicators, such as the Chvostek sign,
maybe noticed (twitching of muscles
innervated by the facial nerve).

Evaluation of hypercalcemia

Symptoms of calcium increase are often
not observed until the calcium level
exceeds 12 mg/dL. When calcium levels
exceed 13 mg/dL, severe hypercalcemia
symptoms are more likely. Hypercalcemia
impairs excitable membrane function,
resulting in  skeletal muscle and
gastrointestinal smooth muscle fatigue.
At very high calcium levels, the effects on
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heart muscle include a shorter QT interval
and an increased risk of cardiac arrest.
Depression, irritability, and, at high
enough levels, coma are among the
neurological effects. High calcium levels
can cause precipitation in soft tissues
such as the kidney, causing the renal
function to be significantly impaired. The
most prevalent causes of hypercalcemia
are primary hyperparathyroidism and
cancer (e.g., multiple myeloma, leukemia,
lung cancer, and breast cancer). Chronic
symptoms are more consistent with
hyperparathyroidism, whereas the rapid
start of symptoms implies malignancy

Conclusion

(the tumor is typically very advanced).

Renal stones (characteristic of
hyperparathyroidism), lethargy, easy
weariness, melancholy, irritability,

constipation, gastrointestinal symptoms
(e.g., nausea, vomiting, abdominal pain,
peptic ulcer disease, pancreatitis),
polyuria, polydipsia, dementia, and coma
are all signs and symptoms.
Hypercalcemia might be asymptomatic.
All mentioned Bilezikian JP, Potts JT Jr,
Fuleihan G el-H, et al.

One of the most important physiological processes in the human body is acid-base and
blood electrolytes balance. The therapeutic importance of acid-base and blood
electrolytes balance is difficult to refute. Some of the most prevalent reasons for
hospitalization include illnesses that might have a negative impact on the acid-base and
blood electrolytes balance This is why doctors must grasp the fundamental principles that
regulate this aspect of human homeostasis. A stepwise pathophysiologic approach can
adequately examine these illnesses and pointed out the problems specifically and let
medical teams intervene immediately. So, continuous studies and updating processes for
the information in this field should be followed due to the criticality of the subject.
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