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Acid-Base Homeostasis

Overview for Infusion Nurses

ABSTRACT

Acid-base homeostasis is essential to normal
function of the human body. Even slight altera-
tions can significantly alter physiologic processes
at the tissue and cellular levels. To optimally care
for patients, nurses must be able to recognize
signs and symptoms that indicate deviations from
normal. Nurses who provide infusions to
patients—whether in acute care, home care, or
infusion center settings—have a responsibility to
be able to recognize the laboratory value changes
that occur with the imbalance and appreciate the
treatment options, including intravenous
infusions.
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.J., a 24-year-old male, presented to the
hospital following a serious motor vehi-
cle collision. He suffered a head injury
and multiple internal injuries that
required admission to the intensive care
unit. D.]. developed acute kidney injury and received
rapid-volume resuscitation with 0.9% sodium
chloride. In the following days, he experienced multi-
ple seizures requiring intubation for airway protec-
tion and large doses of intravenous (IV) lorazepam.
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He subsequently was placed on IV phenobarbital.
Despite management of the kidney injury and sei-
zures, the patient continued to demonstrate hyper-
kalemia and muscle twitching. Arterial blood gases
obtained throughout this time showed alteration in
acid-base balance. Acid-base homeostasis must be
maintained in a narrow range for the body to function
normally. Even slight changes can significantly alter
physiologic processes at the tissue and cellular levels,
as well as the pharmacokinetics of infused products.
Nurses must be able to recognize possible causes and
signs of acid-base imbalance that can indicate devia-
tions from normal. In this article, the physiology of
acid-base homeostasis will be addressed as well as the
impact of acid-base imbalance related to patient care,
including infusion therapy.

FOUNDATIONAL CONCEPT OF pH

When discussing acid-base homeostasis, it is important to
start with the definition of pH. pH is defined as the nega-
tive logarithm of the hydrogen ion concentration; it
reflects the degree of acidity or alkalinity of an environ-
ment.! The normal hydrogen ion concentration of the
blood is quite small, estimated at 0.0004 mEq/L. This
measure is documented as a pH of 7.40. The normal range
of blood pH for adults is 7.35 to 7.45.2 Normal cellular
metabolism continually releases acids to be excreted from
the body to prevent the fluids from becoming too acidic.
When a change in hydrogen ion concentration occurs and
the body is unable to counteract the extreme using chemi-
cal buffers, respiratory regulation, or renal regulation, the
pH of the body fluids becomes abnormal and cellular
function is impaired. An increase in hydrogen ion concen-
tration results in acidity within the body. Acidemia is
defined as a blood pH of less than 7.35.3 A pH of 6.9 or
less in the body is incompatible with life and may result in
death.* Likewise, a decrease in hydrogen ion concentra-
tion results in alkalinity. Alkalemia is defined as a blood
pH of 7.45 or greater.®> A blood pH of 7.8 or greater is
incompatible with life and may result in death.* Figure 1
shows the acid-base continuum.
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Figure 1 Acid-base continuum in the human body.

FINDING THE BALANCE:
HOMEOSTASIS

Homeostasis refers to the automatic, self-regulating
processes necessary to maintain the normal state of the
intracellular/extracellular environments, despite
changes in the environment.> The body has 3 lines of
response to maintain pH homeostasis: chemical buff-
ers, respiratory regulation, and renal regulation. The
method by which the body attempts to achieve homeo-
stasis is dependent on a number of factors: (1) the
length of time of the imbalance, (2) the baseline func-
tion of the organs involved in achieving homeostasis,
and (3) the underlying condition resulting in the
imbalance.’

CHEMICAL BUFFERS: FIRST-LINE
RESPONSE

Chemical buffers are elements that help maintain a near
consistency of the pH of fluids by preventing an increase
or decrease in the hydrogen ions.® Buffers act to change
strong acids into weaker acids or to bind to acids to
neutralize their effects.? Buffers take action immediately
in the setting of imbalance, and potential changes in pH
are adjusted. It is for this reason that chemical buffers
are the first line of defense against pH imbalance.
Chemical buffers can be found in the extracellular fluid,
the intracellular fluid, the urine, and within erythro-
cytes. There are 3 individual buffers in the body: (1)
carbonate/carbonic acid buffers, (2) phosphate buffers,
and (3) plasma protein buffers. Plasma protein buffers
are most plentiful in the body; however, the carbonic
acid buffers are considered to be most important in rela-
tion to the respiratory system.

Bicarbonate buffers are imperative to maintaining
homeostasis. Bicarbonate ions and carbonic acid are
normally in chemical equilibrium in the extracellular
fluid. When significant amounts of both carbonic acid
and bicarbonate are present, a buffer is formed.* Under
normal circumstances, there is much more bicarbonate
present in the body than carbonic acid, with a ratio of
20 to 1.* This is consistent with the body’s needs as
more acids are produced as part of cellular function.
The blood with its high base concentration is able to
neutralize the metabolic acids produced. If the body
becomes too acidic, the bicarbonate buffers take up
excess hydrogen ions released by the acid to form car-
bonic acid. Through the action of the enzyme carbonic
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anhydrase, the carbonic acid is broken down into car-
bon dioxide and water, neutralizing the excess acid.*
Conversely if the body is too alkaline, the carbonic
acid, in conjunction with the bicarbonate buffers, will
form bicarbonate and hydrogen ions. The body then
will reabsorb the excess hydrogen ions to achieve a
normal pH.

RESPIRATORY REGULATION:
SECOND-LINE RESPONSE

The respiratory system is the body’s second defense
against acid-base imbalance.* All cells continually pro-
duce carbon dioxide. Carbon dioxide combines with
water molecules to form carbonic acid. The body alters
the rate and depth of respiration to make needed adjust-
ments in the acid-base regulation. The respiratory sys-
tem responds within minutes of imbalance and reaches
maximum effectiveness in hours.*

The body’s ability to use respiratory compensation is
dependent on normal function of all components of the
respiratory system. Chemoreceptors and respiratory
neurons in the brainstem must be functioning optimally.
It is important to recognize that this mechanism
responds more slowly with aging. Respiratory regula-
tion also depends on the motor nerve innovation of the
respiratory muscles, including the diaphragm. In addi-
tion, the chest wall, airways, lungs, and pulmonary
circulation must be functioning normally if respiratory
regulation is to work effectively.

The rate and depth of respiration are influenced
strongly by chemoreceptors that sense alteration in the
partial pressure of arterial carbon dioxide and hydrogen
in the blood.® If too much carbonic acid accumulates in
the blood of a healthy person, hyperventilation will
occur. The rate and depth of respiration increases and
excess carbonic acid is exhaled in an attempt to correct
the pH imbalance. If too little carbonic acid is present
in the blood, the rate and depth of the respiration
decrease, and hypoventilation occurs. This will result in
retention of carbon dioxide until it is once more present
in normal amounts in the body.

RENAL REGULATION: THIRD-LINE
RESPONSE

Cells continually produce metabolic acids during nor-
mal metabolism. The function of the kidneys is to
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excrete all acids from the body, with the exception of
carbonic acid, which can only be excreted by the lungs
through exhalation. If metabolic acids begin to accu-
mulate in the blood, the kidneys compensate by
increasing acid excretion. If alkalemia occurs, the kid-
neys slow their excretion mechanism to allow acid to
accumulate in the blood to normal levels. Given the
complex nature of this process, renal regulation takes
2 to 3 days to respond maximally to an acid-base
imbalance; however, it can respond indefinitely for
chronic imbalances.*

The kidneys have several mechanisms to achieve acid
excretion. Fluid filtered from the blood enters the glo-
merular capsule at the beginning of the nephron.*
Renal tubular fluid passes through the nephron to
become urine. The epithelial cell lining of the renal
tubule acts as a filter. This allows the cells to secrete
certain substances into the renal tubular fluid for excre-
tion and move other substances into the interstitial
fluid for retention in the body. At the proximal tubules
in the kidney, renal tubular epithelial cells excrete meta-
bolic acid by secreting hydrogen ions into the tubule
lumen. For each hydrogen ion that is secreted into the
renal tubular fluid, 1 bicarbonate ion is moved into the
interstitial fluid. The fluid filtered from the blood at the
glomerulus contains many bicarbonate ions. Most or
all of the bicarbonate ions are reabsorbed into the
blood during secretion of hydrogen ions.

Renal tubular cells are able to secrete additional
hydrogen ions into the tubular fluid to aid in removal of
large amounts of hydrogen ions from metabolic acid.
Once the hydrogen ions are in the renal tubular fluid,
they combine with other substances: bicarbonate ions,
phosphate urine buffers, and ammonia.* Bicarbonate
ions and phosphate urine buffers are present in the glo-
merulus. When the kidneys need to excrete excess
hydrogen ions, renal tubular cells increase their produc-
tion of ammonia. Hydrogen ions combine with ammo-
nia produced by renal tubular cells. Ammonia is a gas
that moves easily into the renal tubular fluid when it
combines with hydrogen ions to become ammonium
ions. Ammonium ions are non-lipid soluble and do not
easily cross from the renal tubular fluid back into the
blood, resulting in excretion.

Although the kidneys are unable to excrete carbonic
acid, they can compensate for carbonic acid imbal-
ances by adjusting the excretion of metabolic acids.”
By creating a deficit of another form of acid, the body
can accommodate the larger amounts of carbonic acid.
This assists in keeping the pH of the blood from
becoming too abnormal. If a deficit of carbonic acid in
the blood is prolonged, the kidneys will decrease the
excretion of metabolic acids. As the metabolic acids
accumulate in the blood, they will compensate for the
lack of carbonic acid and return the pH of the blood
toward normal.
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WHAT HAPPENS WHEN
HOMEOSTASIS FAILS?

If the body is unable to achieve or maintain homeostasis
for the amount of time and degree needed by the body,
clinical decompensation occurs. The rate of decompen-
sation depends on the degree of reserve and one’s base-
line organ function. For the very young, the very old,
and those with chronic disease, this decompensation
can occur more quickly. On the other hand, normal,
healthy adults can use their compensatory mechanisms
for a period of time before failure ensues.

Acid-base homeostasis, as well as the degree and type
of compensation, are measured in the blood with an
arterial blood gas test.” Using these laboratory tests, it
can be determined if there is an excess or deficiency in
hydrogen ions, and the organ system involved in the
imbalance or compensation. The lab values of particu-
lar interest to acid-base imbalance are the pH, arterial
partial pressure of carbon dioxide (PaCO,), and bicar-
bonate (HCOj5-). Figure 2 lists the normal range of arte-
rial blood gas values. The pH is a measure of the hydro-
gen ion concentration.” The PaCO, is a measure of
carbon dioxide in the blood and can aid in determining
if the imbalance originates in the respiratory system or
if the respiratory system is compensating for a meta-
bolic imbalance in the body.? Conversely, HCO5- can
determine if the cause of the imbalance is from a meta-
bolic etiology or if the metabolic system is compensat-
ing for a respiratory imbalance in the body.” Table 1
provides an overview of acid-base imbalances, compen-
satory mechanisms, and laboratory values.

Metabolic Acidosis

Metabolic acidosis results from a relative excess of acid
in the body.® This may be caused by an increase in acid,
a decrease in base, or a combination of both. Clinical
conditions that result in an increase in acid in the body
include diabetic ketoacidosis, starvation, alcoholism,
severe hyperthyroidism, severe infection, burns, circula-
tory shock with tissue anoxia, and oliguric renal failure.®
The ingestion of excessive acids in the form of purine-
rich foods, omega-3 fatty acids, and citric acid can result
in acidosis.® Clinical scenarios in which there is an
excess elimination of bicarbonate ions from the body
and may result in metabolic acidosis include diarrhea,

pH: 7.35-7.45

PaCO;:35-45 mm Hg
HCO;:22-26 mEq/L

Base excess: -2.0 to+2.0 mEq/L

Figure 2 Arterial blood gases values for acid-base monitoring.
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~ TABLE 1

— Acid-Base Imbalance, Compensation, and

Laboratory Values

Lab Values

Decreased pH
Decreased HCO;-

Metabolic acidosis

Compensation

Respiratory: hyperventilation

Lab Values

Slightly decreased/normal pH
Decreased HCO;-
Decreased PaCO,

Respiratory acidosis Decreased pH

Increased PaCO, the kidneys

Metabolic: increased excretion of metabolic acids through

Slightly decreased/normal pH
Increased PaCO,
Increased HCO;-

Metabolic alkalosis Increased pH

Increased HCO;-

Respiratory: hypoventilation

Slightly increased/normal pH
Increased HCO;-
Increased PaCO,

Respiratory alkalosis | Increased pH

Decreased PaC0O, | the kidneys

Metabolic: decreased excretion of metabolic acid through

Slightly increased/normal pH
Decreased PaCO,
Decreased HCO;-

Abbreviations: HCO5-, bicarbonate; PaC0, partial pressure of carbon dioxide; pH, the negative logarithm of the hydrogen ion concentration, reflecting the degree of acidity

or alkalinity of an environment.

gastrointestinal fistulas, intestinal decompression, and
renal tubular acidosis.®

When the pH of the interstitial and intracellular flu-
ids declines, the protein structure and enzyme activity in
the cells become altered, resulting in the signs and
symptoms of metabolic acidosis. A decrease in pH of
the cerebrospinal and interstitial fluid of the brain result
in headache, confusion, drowsiness, or alteration in
level of consciousness.® Additional symptoms include
hypotension, hyperkalemia, muscle twitching, vasodila-
tation, and gastrointestinal disturbances.® Severe meta-
bolic acidosis predisposes a person to fatal ventricular
dysrhythmias, related to myocardial intracellular
acidity, and a decrease in cardiac contractility.® The
laboratory values of most importance to the nurse
regarding metabolic acidosis are the pH and bicarbo-
nate level. Both the pH and bicarbonate level are
decreased with metabolic acidosis.

The body attempts to compensate for the metabolic
derangement with respiratory regulation.® By increas-
ing the rate and depth of respiration, the body excretes
additional carbonic acid. Although hyperventilation
does not remove metabolic acid from the body, it does
change the ratio of bicarbonate ions to carbonic acid in
a favorable direction. If compensation has been
achieved, the lab values show a slightly decreased/nor-
malized pH, a decreased HCOj3-, and a compensatory
decrease in PaCO,

Respiratory Acidosis

Respiratory acidosis is a condition that tends to cause a
relative excess of carbonic acid, resulting from impaired
gas exchange or impaired respiratory function.’
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Impaired respiratory gas exchange of carbonic acid can
occur with chronic obstructive pulmonary disease,
pneumonia, severe asthma, pulmonary edema, obstruc-
tive sleep apnea, or acute respiratory distress syndrome.’
The impaired gas exchange can be acute, chronic, or
acute-on-chronic in nature. Inadequate neuromuscular
function can be the cause of impaired respiratory func-
tion and result in respiratory acidosis. Guillain-Barré
syndrome, acute chest injury, hypokalemic respiratory
failure, severe kyphoscoliosis, or respiratory muscle
fatigue can all result in excess carbon dioxide retention
and respiratory acidosis.” Impairment of the respiratory
control centers of the brain may also result from the use
of respiratory depressant medications, including opioids
and barbiturates, or from conditions such as central
sleep apnea.’

Neurologic abnormalities, including blurred vision,
tremor, vertigo, disorientation, restlessness followed by
lethargy, and somnolence, are more likely to occur with
respiratory acidosis than with other types of imbalances,
as carbonic acid passes more easily through the blood-
brain barrier.” Headaches result from dilation of the
blood vessels in the brain, causing an increase in intrac-
ranial pressure.” Cardiac dysrhythmias can occur from
hyperkalemia. Severe respiratory acidosis causes periph-
eral dilation and hypotension. Reflexive tachycardia
can result, particularly if a cardiac dysrhythmia is also
present.” The laboratory values of importance to the
nurse regarding respiratory acidosis are the pH and
PaCO,. The pH would be decreased, and the PaCO,
level would be increased.

The body attempts to compensate for the acid-base
imbalance with the metabolic system by increasing the
renal excretion of metabolic acid.” Although the
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kidneys cannot excrete carbonic acid, their ability to
excrete more metabolic acid changes the ratio of bicar-
bonate to carbonic acid in a favorable direction. If
compensation has been achieved, the lab values would
show a slightly decreased/normalized pH, an increase
in PaCO,, and a compensatory increase in
bicarbonate.

Metabolic Alkalosis

Metabolic alkalosis is a condition that results from an
increase of base, a decrease of acid in the body, or a
combination of both, resulting in a relative deficit of
any metabolic acid.!® Contraction alkalosis occurs
with mild to moderate extracellular fluid volume defi-
cit and can be the result of high-dose diuretic use.!”
Thiazide and loop diuretics enhance the sodium chlo-
ride excretion in the distal convoluted tubule and the
thick ascending loop, respectively. Metabolic alkalosis
occurs from chloride depletion and by increased deliv-
ery of sodium ions to the collecting duct, which
enhances potassium and hydrogen ion secretion.!’
Also with the diuresis, there is an increased renal
excretion of acid with retention of bicarbonate.
Metabolic alkalosis may also occur with excessive
ingestion of bicarbonate. A person who self-medicates
with large amounts of baking soda or bicarbonate-
containing antacids for indigestion is at risk for meta-
bolic alkalosis.!® Conditions that result in a deficit of
acid, such as prolonged or excessive vomiting or gas-
tric suction through a nasogastric tube, can also result
in metabolic alkalosis.

Clinical manifestations of metabolic alkalosis can
include fatigue, dizziness, irritability, and restlessness
followed by alteration in level of consciousness.'’
Neuromuscular excitability results from the increased
interstitial pH and resulting excitability of nerve cell
membranes. Alkalosis causes more ionized calcium to
bind to albumin, causing an ionized hypocalcemia that
contributes to increased neuromuscular excitability.! A
person with metabolic alkalosis may experience tetany,
tremor, paresthesia, muscle cramps, hypertonic muscle
contractions, or seizures.'® The laboratory values of
importance to the nurse regarding metabolic alkalosis
are the pH and bicarbonate level, both of which would
be increased.

The body attempts to compensate for the metabolic
alkalosis with respiratory compensation. By decreasing
the rate and depth of respiration, the body retains car-
bonic acid. It is important to note that respiratory com-
pensation is often incomplete for metabolic alkalosis as
the need for oxygen drives ventilation, even though the
decreased pH tends to depress it.!? If compensation has
been effective, the laboratory values would show a
slightly elevated/normalized pH, an increased HCOj-,
and a compensatory increase in PaCO,.
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Respiratory Alkalosis

Respiratory alkalosis is a condition that results from a
carbonic acid deficit. The etiology of this disturbance is
hyperventilation related to hypoxemia, acute pain,
anxiety/psychological distress/prolonged sobbing, or
alcohol withdrawal.!! Hyperventilation can also occur
with abnormal stimulation of the respiratory neurons in
the brainstem from meningitis, head injury, gram-
negative sepsis, or salicylate overdose.!!

The clinical manifestations of respiratory alkalosis
arise from neuromuscular excitability. Increased extra-
cellular pH increases membrane excitability in both
central and peripheral neurons, while decreasing the
availability of ionized calcium. Numbness and tingling
in extremities results. Increase in the pH of the cerebral
spinal fluid and cerebral interstitial fluid alters brain
cell function. Cerebral vasoconstriction reduces blood
flow to the brain and results in lightheadedness, leth-
argy, confusion, and seizures.'” Other symptoms
include nausea, vomiting, tachycardia, and hypoten-
sion. The laboratory values of importance to the nurse
for respiratory alkalosis are the pH and carbon dioxide
level. The pH would be increased, and PaCO, would
be decreased.

The body attempts to adjust for this imbalance with
metabolic compensation by decreasing the renal excre-
tion of metabolic acids. As metabolic acid accumulates
in the blood, the concentration of bicarbonate ions
decreases as they are used to buffer the acids.'”
Because the carbonic acid concentration is already
decreased, metabolic compensation for respiratory
alkalosis involves balancing the bicarbonate ions to
carbonic acid ratio, and thus the pH toward normal.
If compensation is successful, the laboratory values
would show a slightly increased/normalized pH, a

decrease in PaCO,, and a compensatory decrease in
HCO;-.

Mixed Acid-Base Imbalance

On occasion, 2 primary imbalances can exist in the
same person. For example, a person may have pneumo-
nia with resulting respiratory acidosis, requiring hospi-
talization. While admitted to the hospital and receiving
antibiotics, she or he develops diarrhea and subsequent
metabolic acidosis secondary to Clostridium difficile
infection. Evaluation of laboratory values in this case
would show a very low pH because 2 primary
acidoses impair the effectiveness of the usual compensa-
tory mechanisms. The usual compensatory mechanism
for metabolic acidosis is to hyperventilate with increased
excretion of carbonic acid from the body. With bacterial
pneumonia, the effectiveness of the alveolar ventilation
is already impaired and carbonic acid is retained, mut-
ing the ability of the body to compensate.
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People with both metabolic and respiratory alkalosis
often have a significantly high pH because the usual
compensatory mechanisms are impeded by the concur-
rent acid-base disorder. An example could be seen in a
patient with pneumonia who is prescribed chronic diu-
retics for heart failure. Respiratory alkalosis can occur
with pneumonia secondary to dyspnea and decreased
pulmonary compliance. The contraction metabolic
alkalosis may be chronic, but given the acute respira-
tory imbalance it is more difficult for acid-base compen-
sation to occur.

A person may also present with a mixed acid-base
disorder.* A person with a head injury whose treat-
ment includes hyperventilation to reduce intracranial
pressure develops subsequent respiratory alkalosis. In
addition, she or he could develop acute kidney failure,
resulting in an excess of metabolic acids and a meta-
bolic acidosis. In the case of a primary acidosis and
primary alkalosis, the pH may be nearly normal, but
alterations in the PaCO, and bicarbonate will be seen.

IMPLICATIONS FOR NURSES

Careful review of the clinical picture in conjunction
with laboratory values is needed to determine the cause
of the acid-base imbalance. As the professionals who
monitor and assess patients, as well as administer medi-
cations that can either cause an acid-base imbalance or

” TABLE 2

treat an existing imbalance, nurses have an important
role in the health care team in the care and safety of
patients. Metabolic acidosis and metabolic alkalosis are
the conditions most affected by IV infusions. Reversal
of the cause of the imbalance is of the utmost impor-
tance in reestablishing homeostasis.!* Table 2 outlines
acid-base imbalance and infusion-related etiology.
Metabolic acidosis can result from the administra-
tion of a number of infusions. Rapid IV fluid adminis-
tration with 0.9% sodium chloride solution can result
in hyperchloremic acidosis.'* The increase in chloride
load exceeds the kidney’s capacity to generate equal
amounts of bicarbonate.”® For this reason, slow intra-
vascular fluid replacement is preferred when clinically
appropriate.’> Infusion of acidic medications, such as
ammonium chloride, can result in metabolic acidosis.
Likewise, the infusion of hyperalimentation for patients
who are unable to receive enteral nutrition may result in
metabolic acidosis.!® Propylene glycol is a common
vehicle used as a drug solubilizer in various hydropho-
bic topical, oral, and IV compounds.!” Propylene glycol
is metabolized by the body into pyruvic acid and can
result in metabolic acidosis. Propylene glycol is well
tolerated in a relatively small total dose and is consid-
ered safe by the US Food and Drug Administration for
use in drugs and cosmetics. However, adverse effects
can occur when administered in moderate-to-high
doses.!” Medications that include propylene glycol
include lorazepam and pentobarbital.'® Case studies

— Metabolic Imbalance and Infusion-Related Etiology

Metabolic acidosis Rapid sodium chloride infusion

Ammonium chloride infusion

Hyperalimentation infusions

Infusions made with propylene glycol:

 Diazepam, digoxin, esmolol, etomidate, hydrocortisone, lorazepam, nitroglycerin, pentobarbital, phenobarbital,
phenytoin, trimethoprim/sulfamethoxazole?

Metabolic alkalosis Intravenous administration

e Penicillin

e Carbenicillin

Regional citrate anticoagulation

* Hemodialysis

e Continuous renal replacement therapies

Sodium bicarbonate infusion

Loop diuretics

Thiazide diuretics

Large-volume red blood cell transfusions

?Data from NDT Plus.?'
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have been reported of patients who required high doses
of these medications for alcohol withdrawal and devel-
oped subsequent severe metabolic acidosis.!”
Metabolic acidosis may be treated with infusions.
Sodium bicarbonate is a systemic and urinary alkalin-
izer used to increase serum and urinary bicarbonate
concentrations and raise the pH.!* Alkalinizing agents
such as sodium bicarbonate may be administered in the
form of IV fluids, or as an injection in the case of emer-
gencies.!” The dosing is based on the clinical setting,
blood pH, and serum bicarbonate levels. It is important
to recognize that administration of bicarbonate prod-
ucts usually is unnecessary if kidney function is normal
or near normal.’® Tromethamine is a second agent used
to prevent or treat metabolic acidosis.?’ Tromethamine
combines with hydrogen ions to form bicarbonate buff-
ers. Dosing is based on body weight and base deficit.
Metabolic alkalosis can result from a number of infu-
sions. As discussed earlier, thiazide and loop diuretics
can result in metabolic alkalosis. The IV administration
of penicillin, carbenicillin, or other semisynthetic penicil-
lins may cause hypokalemic metabolic alkalosis, as a
result of distal delivery of nonreabsorbable anions with
an absorbable cation such as sodium.?’ Metabolic alka-
losis is more likely to develop in the presence of renal
insufficiency. Metabolic alkalosis can result from region-
al citrate anticoagulation used in hemodialysis or con-
tinuous renal replacement therapies.?! Citrate is infused
in the blood inflow in the circuit to prevent clotting.
Because the dialyzer does not remove citrate completely,
a fraction of the infused citrate can reach systemic circu-
lation where it is metabolized by the liver into bicarbo-
nate. The accumulated bicarbonate alters the pH envi-
ronment and can lead to metabolic alkalosis. Similarly,
receiving massive blood transfusions, defined as replace-
ment of a person’s blood volume or 8 units of blood
within a 24-hour period, can result in metabolic alkalo-
sis secondary to the citrate in the blood products.?>??
The management of metabolic alkalosis depends on
the underlying etiology and the patient’s fluid volume
status.!® In the case of vomiting, an antiemetic should
be administered. If continuous gastric suction is
required, gastric acid secretion can be reduced with
proton-pump inhibitors. In patients taking loop or thi-
azide diuretics, the dose can be reduced or the medica-
tion stopped if appropriate. Alternatively, potassium-
sparing diuretics or carbonic anhydrase inhibitor such
as acetazolamide can be added to correct the alkalosis.
Hydrochloric acid infusion may be indicated in severe
metabolic alkalosis or alternately when sodium chloride
or potassium chloride cannot be administered because
of volume overload or advanced renal failure.!”
Hydrochloric acid may also be indicated if rapid correc-
tion of severe metabolic alkalosis is warranted, with
digoxin cardiotoxicity, cardiac arrhythmias, or hepatic
encephalopathy. At other times, an infusion of
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ammonia chloride may be required to correct severe
metabolic alkalosis related to chloride deficiency.
Ammonia chloride is transformed by the liver into
ammonia and hydrochloric acid. By releasing the hydro-
chloric acid, this can help improve the metabolic alka-
losis. Another option for management of metabolic
alkalosis is the initiation of hemodialysis with low-
bicarbonate dialysate.

CONCLUSION

D.]J., the 24-year-old patient introduced at the beginning
of the article, experienced metabolic acidosis secondary
to multiple causes: rapid sodium chloride infusion,
administration of lorazepam, and lactic acidosis from
sepsis. The nurse caring for this patient was astute to
the etiology and importance of acid-base balance. At
morning rounds, the nurse pointed out the number of
variables that could be having an impact on D.].’s acid-
base imbalance. The nurse also noted that his symptoms
of muscle twitching and hyperkalemia may have also
been related to metabolic acidosis. In the days that fol-
lowed, D.].’s clinical status and lab values improved.
D.J. made a full recovery and returned home a month
after the accident. D.]. and his family were grateful for
the excellent nursing care.

Acid-base balance is essential to normal cellular
function. When there is loss of acid-base homeostasis, 1
of the following conditions occurs: metabolic acidosis,
metabolic alkalosis, respiratory acidosis, respiratory
alkalosis, or a mixed imbalance. These imbalances
result not only from a variety of medical conditions but
also from health care-related interventions, including IV
infusions. As bedside care providers, nurses need to be
aware of these imbalances. Early recognition and inter-
vention can help achieve balance quickly and prevent
worsening of a patient’s condition.
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