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MixXED AcCID-BASE DISORDERS

Helio Autran de Morais and Andrew L. Leisewitz

“A patient will have as many diseases as be/she pleases.”

mixed acid-base disturbance is characterized by
the presence of two or more separate primary
acid-base abnormalities occurring in the same

patient. An acid-base disturbance is said to be simple if it
is limited to the primary disturbance and the expected

Anonymous

compensatory response. Box 12-1 shows a classification

of

mixed acid-base disorders.
Recognition of a mixed acid-base disorder is impor-

tant from a diagnostic and a therapeutic point of view.

It

permits early detection of complications (e.g., the
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Classification of Mixed
Acid-Base Disorders

Disorders with Neutralizing Effects on pH

Mixed Respiratory-metabolic Disorders
Respiratory acidosis and metabolic alkalosis
Respiratory alkalosis and metabolic acidosis

Mixed Metabolic Disorders
Metabolic acidosis and metabolic alkalosis

Disorders with Additive Effects on pH

Mixed Respiratory-metabolic Disorders
Respiratory acidosis and metabolic acidosis
Respiratory alkalosis and metabolic alkalosis

Mixed Metabolic Disorders
Normal plus high-anion gap metabolic acidosis
Mixed high-anion gap metabolic acidosis
Mixed normal-anion gap metabolic acidosis

Triple Disorders
Metabolic acidosis, metabolic alkalosis, and respiratory
acidosis
Metabolic acidosis, metabolic alkalosis, and respiratory
alkalosis

presence of metabolic acidosis and respiratory alkalosis in
a dog with parvovirus gastroenteritis may indicate sepsis),
provides orientation for treatment (e.g., NaHCO; is
contraindicated in the majority of patients with meta-
bolic acidosis and respiratory acidosis), and allows detec-
tion of complications associated with therapy (e.g., a
patient with chronic respiratory acidosis that develops
metabolic alkalosis after treatment with diuretics experi-
ences further compromise of ventilation by the meta-
bolic process).

In approaching mixed acid-base disturbances, a
proper understanding of the terms acidosis, alkalosis,
acidemia, and alkalemia is crucial. Acidosis and alkalo-
sis refer to the pathophysiologic processes that cause net
accumulation of acid or alkali in the body, whereas
acidemia and alkalemia refer specifically to the pH of
extracellular fluid. In acidemia, the extracellular fluid pH
is less than normal and the [H*] is higher than normal.
In alkalemia, the extracellular fluid pH is higher than
normal and the [H*] is lower than normal. For example,
a patient with chronic respiratory alkalosis may have a
blood pH value that is within the normal range. Such a
patient has alkalosis but does not have alkalemia.

COMPENSATION

The definition of a simple acid-base disturbance includes
both the primary process causing changes in Pco, or

[HCO,] and the compensatory mechanisms aftecting
these measurements. A primary increase or decrease in
one component (e.g., Pco, or [HCO,™]) is associated
with a predictable compensatory change in the same
direction in the other component (Table 12-1). Lack of
appropriate compensation is evidence of a mixed acid-
base disorder. Unfortunately, the magnitude of expected
compensation in a given clinical situation is not known
with certainty, and data in dogs have been derived mainly
from experiments using normal dogs'® (Table 12-2).
Compensatory rules for cats should be used with caution
because values are derived from a limited number of nor-
mal cats with experimentally induced acid-base disor-
ders. The reader is referred to Chapters 9, 10, and 11 for
further discussion of compensation.

RESPIRATORY COMPENSATION IN METABOLIC
PROCESSES

Metabolic acidosis is characterized by an increase in
[H*], a decrease in serum [HCO,"] and blood pH, and a
secondary decrease in Pco, as a result of secondary
hyperventilation. The expected decrease in Pco, in dogs
with metabolic acidosis may be estimated as 0.7 mm Hg
for each 1-mEq/L decrease in [HCO, ].'¢ Cats with
experimentally induced metabolic acidosis consistently
show a lack of ventilatory compensation. In one study in
which cats were chronically fed a diet containing NH,Cl,
significant decreases in pH and [HCO;"| were observed,
but there was no change in Pco,.” Similar results were
obtained in another study also adding NH,CI to the
diet®! and with dietary phosphoric acid supplementa-
tion.!” Contrary to what happens in dogs and humans,
the feline kidney apparently is unable to adapt to meta-
bolic acidosis and does not increase production of ammo-
nia or glucose from glutamine during acidosis.?! Based on
these studies, cats may not compensate for metabolic aci-
dosis to the same extent (if at all) as do dogs and humans.
Thus formulas for dogs or humans should not be extrap-
olated for use in cats. The clinical finding of metabolic
acidosis and normal Pco, in a cat should not be inter-
preted as evidence of a mixed process until more data are
available about respiratory compensation in cats.

TABLE 12-1 Primary and Secondary

Changes in Simple Acid-Base

Disorders

Primary Compensatory

Disorder Change Response
Metabolic acidosis d HCO; d Pco,
Metabolic alkalosis T HCO;~ T Pco,
Respiratory acidosis T Pco, T HCO,
Respiratory alkalosis 1 Pco, l HCO,~
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TABLE 12-2 Compensatory Response in Simple Acid-Base Disturbances
in Dogs and Cats*

Disturbance

Primary Change

Clinical Guide for Compensation

Dogs

Catst

Metabolic acidosis
Metabolic alkalosis

Respiratory acidosis
Acute

Chronic
Long-standingt

Respiratory alkalosis
Acute
Chronic

Each 1 mEq/L HCO,~
Each 1 mEq/L T HCO,

Each 1 mm Hg T Pco,
Each 1 mm Hg T Pco,
Each 1 mm Hg T Pco,

Each 1 mm Hg | Pco,
Each 1 mm Hg | Pco,

Pco, 4 by 0.7 mm Hg
Pco, T by 0.7 mm Hg

HCO, T by 0.15 mEq/L
HCO, T by 0.35 mEq/L
HCO, T by 0.55 mEq/L

HCO, { by 0.25 mEq/L
HCO, { by 0.55 mEq/L

Pco, does not change
Pco, T by 0.7 mm Hg

HCO, T by 0.15 mEq/L
Unknown
Unknown

HCO, | by 0.25 mEq/L
Similar to dogs§

*Data in dogs from de Morais and DiBartoln.'0 See text for references in cats.

tData from cats are devived from a very limited number of cats.

FMore than 30 days.

SExact degree of compensation has not been determined, but cats with chronic vespivatory alkalosis maintain normal arterial pH.

Metabolic alkalosis is characterized by a decrease in
[H*], an increase in serum [HCO,"] and blood pH, and
a secondary increase in PCO, as a result of compensatory
hypoventilation. As a rule of thumb, a 1.0-mEq/L
increase in plasma [HCO,™] is expected to be associated
with an adaptive 0.7-mm Hg increase in Pco, in dogs
with metabolic alkalosis.!® Little is known about respira-
tory compensation in cats with metabolic alkalosis. In
one study with 12- to 14-week-old kittens made alkalotic
by selective dietary chloride depletion, a 1.0-mEq/L
increase in plasma [HCO,] concentration was associ-
ated with a 0.7-mm Hg increase in Pco,.%* This value is
remarkably similar to that observed in humans and dogs,
but care should be exercised when extrapolating data
from normal kittens to sick adult cats.

Time is an important consideration when assessing
compensation. Even in the experimental setting in which
sudden changes in [HCO,"] can be achieved, the respi-
ratory response to acute metabolic acidosis in dogs
occurs slowly, and it often takes 17 to 24 hours for max-
imal respiratory compensation to develop.!® Thus using
the formulas within the first 24 hours of onset of meta-
bolic acidosis may lead to an underestimation of the ven-
tilatory response and the erroneous assumption that a
mixed metabolic and respiratory disorder is present.

MEeTABOLIC COMPENSATION IN RESPIRATORY
PROCESSES

Respiratory acidosis is that acid-base disorder resulting
from a primary increase in carbon dioxide tension (Pco,)
in the blood. It is synonymous with primary hypercap-
nia and is characterized by increased Pco,, increased
[H*], decreased pH, and a compensatory increase in

[HCO,"] in blood. Respiratory alkalosis is that acid-
base disorder resulting from a primary decrease in Pco,
in the blood. It is synonymous with the term primary
hypocapnia and is characterized by decreased Pco,,
decreased [H*], increased pH, and a compensatory
decrease in [HCO,™] in blood.

Adaptive changes in plasma [HCO,™] occur in two
phases. In respiratory acidosis, the first phase represents
titration of nonbicarbonate buffers, whereas in respira-
tory alkalosis, the first phase represents release of H*
from nonbicarbonate buffers within cells. This response
is completed within 15 minutes (see Chapter 11). The
second phase reflects renal adaptation and consists of
increased net acid excretion and increased HCO,™ reab-
sorption (decreased Cl~ reabsorption) in respiratory aci-
dosis and a decrease in net acid excretion in respiratory
alkalosis. Experimentally, renal adaptation requires 2 to
5 days for a chronic steady state to be established.?!:#6:51

During acute respiratory acidosis, a compensatory
increase of 0.15 mEq/L in [HCO,] for each 1-mm Hg
increase in Pco, should be expected in dogs.'® There is a
lack of data for compensation in cats with acute respira-
tory acid-base disorders, but values appear to be similar to
those observed in dogs. In anesthetized, artificially venti-
lated cats made hypercapnic by exposure to increasing
CO, levels, the average compensatory increase in
[HCO, ] was 0.07 to 0.1 mEq/L for each 1-mm Hg
increase in Pco,.?*** In three awake cats exposed to an
Flco, of 4%, [HCO, ] increased 0.16 mEq/L for each
1-mm Hg increase in PC0,, a value very similar to the one
observed in dogs. During acute respiratory alkalosis, a
compensatory decrease of 0.25 mEq/L in [HCO;] for
each 1-mm Hg decrease in Pco, should be expected in
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dogs.!® Compensation to hyperventilation has only been
studied in anesthetized cats. The [HCO,] decreased an
average 0.26 mEq/L for each 1-mm Hg decrease in
Pco,, a value similar to that obtained in dogs.?*

In dogs with chronic respiratory alkalosis, a
decrease of 0.55 mEq/L in [HCO; ] is expected for
each 1-mm Hg decrease in Pco,.>1¢ It is interesting to
note that even in severe chronic respiratory alkalosis, the
pH usually is normal. However, the normalization of pH
in a clinical setting may take longer than 5 to 7 days. In
humans with sustained respiratory alkalosis, the pH may
not return to normal for 2 or more weeks.*? Cats chron-
ically exposed to a hypoxic environment (FIo, = 10%)
for 28 days also were able to maintain a normal arterial
pH.* Expected compensation in cats cannot be inferred
from this study, but based on the ability to maintain a
normal pH, it may be reasonable to assume that cats can
compensate to chronic respiratory alkalosis as well as
dogs and humans. In dogs with chronic respiratory aci-
dosis, serum [HCO,"] increases 0.35 mEq/L for each
1-mm Hg increase in Pco,.'® Similar rules have been
used in humans with chronic respiratory acidosis, but these
rules have been shown to work well in unstable, but not
in stable, patients with long-standing respiratory acidosis.3
In this latter group of patients, a 0.51-mEq/L increase
in [HCO;] is expected for each 1-mm Hg increase in
Pco,.% Thus arterial pH appears to remain near refer-
ence ranges in human patients with long-standing respi-
ratory acidosis.® Similar results have been observed in
dogs with chronic respiratory acidosis and no other iden-
tifiable reason for increased [HCO,"] concentration
other than renal compensation.???® Increases of 0.45° to
0.57 mEq/L** [HCO,] for each 1-mm Hg increase in
Pco, have been observed in dogs with chronic respira-
tory acidosis, suggesting that renal compensation in dogs
with long-standing respiratory acidosis may return arterial
pH to normal in stable patients.

CLINICAL APPROACH

The first step is a careful history to search for clues that
may lead the clinician to suspect the presence of acid-
base disorders, followed by a complete physical examina-
tion. Urinalysis, routine serum chemistries, and
electrolyte concentrations are useful, but confirmation of
a mixed acid-base disorder requires blood gas analysis.
After identifying the primary acid-base disorder (respira-
tory or metabolic), the expected compensation of the
opposing parameter ([HCO,™] in a respiratory process;
Pco, in a metabolic process) should be calculated using
the formulas in Table 12-2. A mixed acid-base disorder
should be suspected when inappropriate compensation
for the primary disorder is demonstrated. Compensation
is said to be inappropriate if a patient’s Pco, difters from
expected Pco, by more than 2 mm Hg in a primary
metabolic process or if a patient’s [HCO,™] differs from

the expected [HCO,~] by more than 2 mEq/L in a res-
piratory acid-base disorder.?!¢

An example illustrates how compensation can be esti-
mated. Consider a dog that presents with diarrhea
caused by a parvovirus infection with the following arte-
rial blood gas results: pH = 7.35, [HCO;|] = 13
mEq/L, and Pco, = 24 mm Hg. The pH in the low nor-
mal range with decreased [HCO,™] indicates that the
primary process is a metabolic acidosis. The expected
compensation is estimated assuming Pco, = 36 mm Hg
and [HCO, ] = 21 mEq/L as midpoint values. The
change in [HCO;™] (A[HCO,7]) is:

A[HCO,"| = midpoint [HCO,"] - patient [HCO,"]
=21 mEq/L - 13 mEq/L = 8 mEq/L

Knowing that for each mEq/L decrease in [HCO,"]
in a metabolic acidosis, PcO, decreases 0.7 mm Hg (see
Table 12-2), the expected compensatory change in Pco,
is estimated as:

Pco = midpoint Pco, — APco,

2expected

where
APco, = ATHCO, | x 0.7 = 5.6 mm Hg
Thus
Pco = midpoint Pco, - ATHCO, | x 0.7

2expected

=36 mm Hg - 5.6 = 30.4 mm Hg

Because the expected compensation has an error margin
of +2,
Pco =304 +2,0r28.4 to 32.4 mm Hg

2expected

This patient has a Pco, (24 mm Hg) that is more than
2 mm Hg lower than the minimal value for the expected
Pco, (28.4 mm Hg), indicating the presence of respira-
tory alkalosis in addition to metabolic acidosis. A simi-
lar line of thinking can be applied to calculate the
expected compensation in other primary acid-base dis-
orders. Some guidelines for adequate use of compensa-
tory rules from Table 12-2 are expressed in Box 12-2.
Some useful guidelines for quickly detecting mixed acid-
base disorders in selected patients are shown in Box 12-3,
whereas potential technical problems that may lead to
misdiagnosing a mixed acid-base disorder are shown in
Box 12-4.

EVALUATION OF THE METABOLIC COMPONENT
OF THE AcID-BASE DISORDER

Metabolic alkalosis can result from an increase in the
strong ion difference (SID) caused by hypochloremia or
by decrease in the concentration of total plasma weak
acids [A,,,] caused by hypoalbuminemia. Metabolic aci-
dosis can be caused by a decrease in SID as a result of
hyperchloremia or increased concentration of other

strong anions (e.g., lactate, sulfate, B-hydroxybutyrate),
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Guidelines for Adequate
Use of Compensatory
Rules from Table 12-2

Time
Sufficient time must elapse for compensation to reach
a steady state:

Acute respiratory disorders: 15 minutes
Chronic respiratory disorders: 7 days
Long-standing respiratory acidosis: 30 days
Metabolic disorders: 24 hours

pH
Compensation does not return the pH to normal*
Overcompensation does not occur

Values in the Expected Compensatory Range
Do not prove that there is only one disturbance
Provide support for a simple acid-base disturbance, if

consistent with the remaining clinical data

*Exceptions: chronic respiratory alkalosis (>14 days), and poten-
tially long-standing respiratory acidosis (>30 days).

or by an increase in [A ] as a result of hyperphos-
phatemia. See Chapter 13 for further discussion of the
role of albumin and phosphate in acid-base disorders.

Chloride Changes

Chloride is the most important extracellular strong
anion. Increases in chloride lead to metabolic acidosis by
decreasing SID, whereas decreases in chloride cause
metabolic alkalosis by increasing SID. Therefore plasma
[CI"] and [HCO,"] have a tendency to change in oppo-
site directions in hypochloremic alkalosis and hyper-
chloremic acidosis. The contribution of [CI7] to changes
in base excess (BE) and [HCO;] can be estimated by
calculating the chloride gap, the chloride/sodium ratio,
and the sodium-chloride difference (Table 12-3).

Guidelines for Quickly
Detecting a Mixed Process

Quick Diagnosis of Mixed Disorders
Pco, and [HCO;] changing in opposite directions
Presence of a normal pH (with abnormal Pco, and/or
[HCO,))*
A pH change in a direction opposite to that predicted
for the known primary disorder

*Exceptions: chronic respiratory alkalosis (>14 days), and poten-
tially long-standing respiratory acidosis (>30 days).

Box 12-4

Potential Problems That
May Lead to
Misdiagnosing a Mixed
Acid-Base Disorder

Use of venous blood
Local metabolism may affect Pco,
Normal values for compensation were established
using arterial blood
Too much heparin (>10% of total volume)
Decreases [HCO,] and Pco,
Storage of sample for more than 20 min
Increases Pco, and decreases pH
Errors in calculation of [HCO,"]

Chloride gap is calculated as:
[Cl7]gap = [Cl]normal — [Cl~]corrected
or

[Cl]gap = [Cl ]normal — [CI™]patient
x [Na*]normal / [Na*]patient

Normal values may vary among laboratories, but using
midpoint values from Chapter 4, chloride gap can be
estimated for dogs as:

[CI7]gap = 110 — [Cl~]patient X 146 / [Na*]patient
and for cats as:
[Cl']gap = 120 — [Cl ]patient x 156 / [Na*]patient

Values greater than 4 mEq/L are associated with
hypochloremic alkalosis, whereas values less than —4
mEq/L are associated with hyperchloremic acidosis.
A shorter way to evaluate chloride contribution is to use
the chloride/sodium ratio.'® Reference values have not
been adequately established for dogs and cats, but expe-
rience with limited number of cases suggests that values
greater than 0.78 in dogs and more than 0.80 in cats are
associated with hyperchloremic metabolic acidosis,
whereas values less than 0.72 in dogs and less than 0.74
in cats are associated with hypochloremic alkalosis.
Whenever sodium concentration is normal, the differ-
ence between the sodium and chloride concentrations
([Na*] — [CI7]) can be used. Normally, [Na*] — [CI7]
is approximately 36 mEq/L in dogs and cats. Values
greater than 40 mEq/L are an indication of
hypochloremic alkalosis, whereas values less than 32
mEq/L are associated with hyperchloremic acidosis.!®

It is always important to remember that the renal
adaptation to respiratory disorders is accomplished by
changing SID by varying the amount of chloride or
bicarbonate that is reabsorbed with sodium. Thus in



Mixep AciD-BASE DISORDERS | 301

chronic respiratory acidosis, there is a compensatory
hypochloremic alkalosis, whereas in chronic respiratory
alkalosis, there is a compensatory hyperchloremic acido-
sis. In fact, all change in bicarbonate concentration can
be explained by the changes in chloride during chronic
respiratory acidosis.?

Increase in Unmeasured Anions

Unlike chloride, most other strong anions (e.g.,
ketoanions, lactate, anions of renal failure) are not rou-
tinely measured and need to be estimated. Three
methods combining blood gas results with electrolyte
and protein data will be considered here: anion gap
(AG), BE algorithm, and strong ion gap (SIG). The
AG is further discussed in Chapters 9 and 10, whereas
the BE algorithm and the SIG are further discussed in
Chapter 13.

The anion gap is a helpful tool in the differentiation
between hyperchloremic and high-AG metabolic aci-
doses. Chemically, there is no AG because the law of
electroneutrality must be maintained. The AG is the dif-
ference between the unmeasured anions (UA™) and
unmeasured cations (UC*). Following the electroneu-
trality law, we obtain:

([Na*] + [K*] + [UC*]) - ([CI'] + [HCO;7] + [UAT])
or

AG = ([Na*] + [K']) = ([CI] + [HCO,])
= ([UAT] = [UCT])

Thus every time there is an increase in [CI™] or [UA™],
[HCO;™] decreases to maintain electroneutrality. The
AG estimates all unmeasured anions, making no dis-
tinction between unmeasured strong anions (e.g., lac-
tate, ketoanions) that can change pH and weak anions
(e.g., negatively charged phosphate ions and proteins)
that do not affect pH or [HCO,]. In acidosis resulting
from a decrease in SID caused by an increase in [CI7],
[HCO;"] decreases and the difference ([UA™] - [UC*])
and consequently the AG remain constant (hyper-
chloremic or normal AG acidosis). When the SID
decreases because of an increase in an unmeasured
strong anion (e.g., lactate), [HCO,"] decreases, [Cl] is
unchanged, and the difference ([UA™] — [UC*])
increases; thus the AG also increases (normochloremic
or high AG acidosis).

Except for some relatively uncommon circumstances,
an increase in the AG implies an accumulation of
organic acids in the body.*® Unfortunately, the AG is
not very sensitive in detecting increases in unmeasured
strong anions, especially in lactic acidosis. In addition,
the AG in normal dogs and cats is mostly a result of the
net negative charge of proteins and thus is heavily influ-
enced by protein concentration, especially albumin.12-3¢
In fact, hypoalbuminemia probably is the only impor-

tant cause of a decrease in the AG. At plasma pH of
7.4 in dogs, each decrease of 1 g/dL in albumin con-
centration is associated with a decrease of 4.1 mEq/L
in the AG, whereas each decrease of 1 g/dL in total
protein concentration is associated with a decrease of
2.5 mEq/L in the AG.!? Similar data are not available
for cats.

Because many critically ill patients with increased
unmeasured strong anions also have hypoalbuminemia,
the AG may be artificially normal because of the decrease
in [UA™] resulting from hypoalbuminemia. The AG can
be corrected for changes in protein concentration in
dogs by using the following formulas!?:

AG - AG +4.2 x (3.77 - [alb])

Alb-adjusted —

or

AG - AG + 2.5 x (6.37 — [TP])

TP-adjusted

where [alb] is albumin concentration in g/dL and [TP]
is total protein concentration in g/dL.

Although the contribution of serum phosphate con-
centration to the AG is negligible in normal dogs and
cats, hyperphosphatemia also can increase the AG in
the absence of an increase in strong unmeasured
anions. The AG can be adjusted for an increase in
phosphate concentration by expressing phosphate in
mEq/L (see Chapter 7) and assuming plasma pH to be
7.4 as:

AG - AG + 4.2 x (3.77 - [alb])

alb-phosph-adjusted —
+(2.52 - 0.58 x [Phosph])

AG - AG +0.25 x (6.37 — [TP])

TP-phosph-adjusted —

+(2.52 - 0.58 x [Phosph])

where [Phosph] is the concentration of phosphorus
in mg/dL.

The base excess algorithm is another method to esti-
mate unmeasured strong ions that has been adapted for
use in dogs and cats'# and applied in clinical cases.!”-3%-5
It accounts first for the effects of changes in free water,
chloride, protein, and phosphate concentrations in the
BE. Any remaining BE is attributed to presence of
unmeasured strong anions. Formulas to use with the BE
algorithm are presented in Chapter 13 (see Box 13-4).
Values less than =5 mmol /L are suggestive of an increase
in unmeasured strong anions.!* The BE algorithm is a
useful clinical tool despite a few shortcomings. There are
theoretical limitations in extrapolating traditional BE cal-
culations for use in dogs and cats. In addition, protein
influence on BE is estimated based on data for human
albumin, which behaves differently than canine!? and
feline albumin.3¢

The strong ion gap is the difference between all
unmeasured strong anion charge and all unmeasured
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strong cation charge.!! The SIG has been simplified
(SIGSimpliﬁe 4) to be estimated based on [A_ ], the total
concentration of nonvolatile weak acids in plasma (see
Chapter 13).!! Albumin is used to estimate [A ] in the
SIG,, iiied because albumin is the most important bufter
in plasma. Assuming a plasma pH of 7.4, SIG,, .. . can

; simp!
be calculated in dogs as'?:

SIG alb] x 4.9 - AG

simplified = [

In cats, at a plasma pH of 7.35, SIG .. 4 1s estimated
36 simplifie

as’%:

SIG

simplified

= [alb] x4.58 -AG +9
Increase in unmeasured strong anions is suspected when-
ever SIG, 4 18 less than =5 mEq/L. In patients with
hyperphosphatemia, however, AG should be corrected
for the presence of hyperphosphatemia [AG . djusted =
AG + (2.52 - 0.58 x [Phosph])] before calculating
SIG, ifea- The SIGy, 6.4 has not been adequately
tested in dogs and cats, but its derivation is sound, and
it is superior to the AG to detect increases in unmeasured
strong anions in horses.!!

A stepwise approach should be followed in all patients
with suspected mixed acid-base disorders (Fig. 12-1):

1. Perform electrolyte and blood gas analysis.

2. Determine the pH and the nature of the primary dis-
order.

3. Calculate the expected compensation: Is it a simple or
mixed disorder?

4. Calculate the chloride contribution to metabolic dis-
order ([Cl™]gap, [Cl~]/[Na*] ratio, [Cl"] — [ Na*]; see
Table 12-3).

5. Estimate the concentration of the unmeasured strong
anions (AG, BE algorithm, or SIG i 4)-

6. Compare the chloride contribution with the presence
of unmeasured strong anions: Is there a mixed meta-
bolic disorder? (Table 12-4)

7. Consider other laboratory data (e.g., creatinine, glu-
cose, and so on).

8. Correlate the clinical and laboratory findings.

9. Plan individualized therapy.

EVALUATION OF ACID-BASE STATUS
Step 1: Check results

Apply Henderson-Hasselbalch equation

Step 2: Evaluate patient pH
|

v Y

Acidemia Normal Alkalemia
(pH < 7.35) | (pH >I 7.45)
|

Step 3: Establish primary disturbance

Which parameter is causing pH to change?

Y

If both are:

If only one is:

Step 4: Estimate the
expected compensation
(see Table 11-3)

Equal to patient Greater or less
compensation than patient
l compensation

\
|—> Mixed disorder

Fig. 12-1 Algorithm for evaluation of acid-base status in patients
with suspected mixed acid-base disorders.

Simple disorder

MIXED ACID-BASE
DISTURBANCES

Di1SORDERS WITH NEUTRALIZING EFFECTS

oN pH

Patients with mixed disorders composed of primary
problems with an offsetting effect on pH may be pre-
sented with normal, low, or high pH. When pH is abnor-
mal, however, because of the counterbalancing effect of

TABLE 12-3 Chloride Contribution in Metabolic Acid-Base Disorders

Test Hyperchloremic Acidosis Normal Hypochloremic Alkalosis
[Cl]gap <—4 mEq/L —4-4 mEq/L >4 mEq/L

[CI7]/[Na*] ratio

Dogs <0.72 0.72-0.78 >0.78

Cats <0.74 0.74-0.8 >0.8

[Nat] - [CI7] <32 mEq/L 32-40 mEq/L >40 mEq/L
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TABLE 12-4 Evaluation of Mixed Metabolic Disorders

Chloride Contribution®

Unmeasured Strong Anion Contribution

NORMAL AG or

SIG;, iea >—5 mEq/L or
strong >—5 mmol /L

| [CI"]gap, Hyperchloremic acidosis

! [CI"]/[Na*] or

| [Na*] - [CIT]

Normal [Cl~]gap, Normal

Normal [CI~]/[Na*] or Normal

[Na*] - [CI]

T [Cl]gap,

T [CIF]/[Na*] or

T [Na*] - [CI]

Hypochloremic alkalosis

simplified

T AG or

<-5 mEq/L or
<—5 mmol/L

f]lorcmic acidosis and T unmeasured strong anion acidosis
T Unmeasured strong anion acidosis

Hypochloremic alkalosis and T unmeasured strong anion acidosis

AG, Anion gap; SIG e o> simplified strong ion gap; UA

unmeasured strong anions estimated using the base excess algorithm;

[Cl-1gap, chioride gap; [ ClI7] /[ Na*], chloride to sodium ratio; [Na*]| — [Cl7], sodium to chlovide difference.
*Metabolic compensation in chronic rvespiratory acid-base disturbances can also change chlovide concentration.

the second primary disorder, changes tend not to be pro-
nounced. Box 12-5 shows examples of potential causes
of counterbalancing mixed acid-base disorders.

Respiratory Acidosis and Metabolic Alkalosis

This is an uncommon clinical situation and in human
medicine usually occurs in patients with chronic lung
disease who develop vomiting or are treated with diuret-
ics.% It may occur in acute situations in dogs with gastric
dilatation-volvulus that can present with metabolic alka-
losis caused by loss of gastric acid and respiratory acido-
sis resulting from diaphragmatic compression caused by
the distended stomach.? The Pco, and [HCO, ] are
high, and pH tends to be normal or only slightly abnor-
mal. It is important to remember that dogs with long-
standing respiratory acidosis can have normal arterial
pH.?2 When the mixed disorder is confirmed, treatment
should be directed at correcting the most life-threaten-
ing underlying disease process first. No therapy is neces-
sary to correct pH if pH is normal or near normal.
Patients with chronic pulmonary disease that have
hypoxemia and hypercapnia are at greater risk from
metabolic alkalosis than are others because superimposi-
tion of metabolic alkalosis can further reduce ventilation
and lead to worsening of hypoxemia.*® Therefore meta-
bolic alkalosis should not be overlooked if the patient has
a chronic lung disease.

Respiratory Alkalosis and Metabolic Acidosis

Many clinical situations can lead to this mixed disorder,
usually with high-AG metabolic acidosis. These patients
have low Pco, and low [HCO;"], and their pH tends to
be nearly normal. It is important to remember that
chronic respiratory alkalosis is a simple acid-base distur-
bance, and affected patients can be presented with nor-
mal pH. Thus in the presence of a normal pH, low Pco,,

Examples of

Potential Causes of
Counterbalancing Mixed
Acid-Base Disorders

Mixed Respiratory and Metabolic Disorders
Respiratory Acidosis and Metabolic Alkalosis

Pulmonary edema and diuretics
Gastric dilatation-volvulus

Respiratory Alkalosis and Metabolic Acidosis

Hypoadrenocorticism-like syndrome in dogs with
gastrointestinal disease

Septic shock

Salicylate toxicity

Heat stroke

Gastric dilatation-volvulus

Liver disease (RTA and impaired metabolism of lactate)

Pulmonary edema with hypoxemia or low cardiac output

Parvovirus gastroenteritis and sepsis

Severe exercise

Acute tumor lysis syndrome

Severe canine babesiosis caused by Babesia canis rossi

Cardiopulmonary resuscitation (only in arterial blood)

Mixed Metabolic Disorders
Metabolic Acidosis and Metabolic Alkalosis

Gastric dilatation-volvulus

Renal failure with vomiting

Vomiting and lactic acidosis

Renal failure and loop diuretics

Diabetic ketoacidosis with vomiting

Severe canine babesiosis caused by B. canis rossi

Liver disease (hypoproteinemia, diuretics, vomiting,
RTA, and impaired metabolism of lactate)

RTA, Renal tubular acidosis.
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and low [HCO, ], the clinician must decide whether
the patient has simple respiratory alkalosis or meta-
bolic acidosis associated with respiratory alkalosis. In this
situation, the history can provide important clues. The
presence of hypoxemia with increased hematocrit sug-
gests chronic respiratory alkalosis. An increase in unmea-
sured strong anions is helpful because the majority of
metabolic acidoses associated with respiratory alkalosis
are normochloremic, whereas compensation for chronic
respiratory alkalosis is characterized by corrected hyper-
chloremia.

Diseases associated with metabolic acidosis and respi-
ratory alkalosis are shown in Box 12-5. In some condi-
tions such as sepsis, patients may be presented initially
with respiratory alkalosis, and metabolic acidosis (usually
caused by lactic acidosis) only develops later.?%2¢ Sepsis
complicating any disease known to cause metabolic aci-
dosis can result in a metabolic acidosis superimposed on
respiratory alkalosis. Exercise also can cause a mixed dis-
order that begins with respiratory alkalosis. In mild exer-
cise (35% of maximal O, consumption), mild respiratory
alkalosis occurs.®® When dogs are maximally exercised,
lactic acidosis is superimposed on the initial respiratory
alkalosis.?”>384 Dogs with heat stroke also present ini-
tially with respiratory alkalosis and later develop mixed
respiratory alkalosis and metabolic acidosis.?® Salicylate
toxicity in dogs and cats causes hyperventilation initially,
but metabolic acidosis then develops.*?> The hyperventi-
lation associated with salicylate toxicity is caused by cen-
tral stimulation, and only a small portion of the
hyperventilation can be attributed to hyperthermia.>? In
human patients with salicylate intoxication, metabolic
acidosis is caused by accumulation of organic acids,
including lactate and ketoacids.*® This also may be true
in small animals.*?

Gastric dilatation-volvulus complex has been associ-
ated with respiratory alkalosis and metabolic acidosis in
dogs,?” in which the respiratory alkalosis may be the
result of pain,¥ sepsis,> or restriction of pulmonary
expansion. Patients with liver disease may develop a wide
variety of acid-base disturbances. Hyperventilation is
common and appears to be multifactorial.® Metabolic aci-
dosis also has been associated with liver disease in dogs.!?
Human patients with cirrhosis demonstrate enhanced
proximal renal tubular sodium reabsorption that may
limit distal H* secretion® and lead to hyperchloremic aci-
dosis. Type B lactic acidosis also can develop in patients
with liver failure because liver disease can decrease liver
uptake and metabolism of lactate.*? Distal renal tubular
acidosis has been associated with hepatic lipidosis in a cat
presenting with normal AG acidosis.”

Special considerations apply to cardiopulmonary
resuscitation. Arterial blood gases may indicate respira-
tory alkalosis because gas exchange is occurring in blood
that traverses the pulmonary circulation. Mixed venous
Pco, has been shown to be significantly higher than

arterial Pco, during cardiopulmonary resuscitation in
dogs.?? In this setting, arterial values reflect the adequacy
of ventilatory support, whereas mixed venous values may
correlate better with tissue pH.>8

In patients with mixed metabolic acidosis and respira-
tory alkalosis, pH tends to be normal, and specific treat-
ment to correct pH usually is not necessary. Treatment
should be directed at the underlying causes of the meta-
bolic acidosis and respiratory alkalosis.

Metabolic Acidosis and Metabolic Alkalosis

This mixed disorder usually is seen in patients with long-
standing high-AG metabolic acidosis (e.g., chronic renal
failure, uncomplicated ketoacidosis) that begin vomiting
and develop hypochloremic alkalosis. Because albumin is
a weak acid, a decrease in albumin concentration is asso-
ciated with metabolic alkalosis. Superimposition of
hypoalbuminemia on chronic metabolic acidosis also can
lead to this mixed acid-base disorder. Alternatively, this
mixed metabolic disorder can begin as metabolic alkalo-
sis with subsequent development of severe volume
depletion resulting in hypoperfusion and lactic acidosis.
Depending on the relative severity of the two opposing
disorders, pH and [HCO,] can be increased, normal, or
decreased. Recognition of both disturbances in this set-
ting is very important because treatment of one without
attention to the other permits the unattended abnormal-
ity to emerge unopposed. Information in Table 12-4 can
be used to help diagnose mixed metabolic acidosis and
metabolic alkalosis. Mixed hyperchloremic metabolic
acidosis and hypochloremic metabolic alkalosis can theo-
retically coexist (e.g., patients with vomiting and diar-
rhea), but because these disturbances have offsetting
effects on [Cl] and [HCO,], only the prevailing disor-
der can be identified. Discases associated with mixed
metabolic acidosis and metabolic alkalosis are shown in
Box 12-5. The pH usually is normal in these settings,
and treatment of stable patients should be directed at
resolving the underlying disease processes. Patients with
lactic acidosis and severe volume depletion need more
aggressive therapy.

DisoRDERS WITH ADDITIVE EFFECTS ON PH

Mixed disorders composed of primary problems with an
additive effect on pH always have abnormal pH.
Depending on the combination of primary problems,
the pH can be dangerously high or low and requires
immediate attention. Box 12-6 shows examples of
potential causes of additive mixed acid-base disorders.

Respiratory Acidosis and Metabolic Acidosis

This combination of acid-base disturbances may occur in
a variety of settings usually in patients with acute severe
respiratory compromise (¢.g., thoracic trauma, pulmonary
edema, cardiopulmonary arrest, acute neuromuscular
junctional disruption such as with toxic or metabolic or
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Box 12-6

Examples of Potential
Causes of Additive Mixed
Acid-Base Disorders

Mixed Respiratory and Metabolic Disorders

Respiratory Acidosis and Metabolic Acidosis

Hypoadrenocorticism-like syndrome in dogs with
gastrointestinal disease

Cardiopulmonary arrest

Severe pulmonary edema

Thoracic trauma with hypovolemic shock

Low cardiac output heart failure with pulmonary edema

Advanced septic shock (V/Q mismatch)

Gastric dilatation-volvulus

Acute tumor lysis syndrome

Gastrointestinal endoscopy*

Venom of the scorpion Leiurus quinquestriatus

Neurotoxic poisons and metabolic conditions disrupting
neuromuscular junction function

Respiratory Alkalosis and Metabolic Alkalosis

Gastric dilatation-volvulus

Hyperadrenocorticism with pulmonary
thromboembolism

Respirator-induced mixed alkalosis (correction of Pco,
too rapidly)

Congestive heart failure and diuretics

Hepatic disease and diuretics, vomiting, or
hypoproteinemia

Severe canine babesiosis caused by Babesia canis rossi

Parvovirus gastroenteritis and sepsis

Mixed Metabolic Disorders

Hyperchloremic and High-anion Gap
Metabolic Acidoses
Renal failure
Resolving diabetic ketoacidosis
Diarrhea complicating high-anion gap acidosis
Severe canine babesiosis caused by Babesia canis rossi

Mixed High-anion Gap Acidoses
Diabetic ketoacidosis and renal failure
Diabetic ketoacidosis and lactic acidosis
Ethylene glycol intoxication with lactic acidosis
Uremic acidosis and other high-anion gap acidosis

Mixed Normal-anion Gap Metabolic Acidosis
Fluid therapy with fluids rich in chloride (e.g., lactated
Ringer’s solution, 0.9% NaCl) in a patient with
hyperchloremic acidosis
Diarrhea and parenteral nutrition

“pH is usually only slightly acidemic, and most patients do not
require therapy.?®

junctionopathies) that also have lactic acidosis as a result
of hypoxemia, shock, or poor cardiac output (see
Box 12-6). Thus metabolic acidosis usually is caused by an

increase in unmeasured strong ions. There is an additive
effect lowering the pH because the normal compensation
for metabolic acidosis is impaired because of pulmonary
disease. The [HCO, ] is low; Pco, is normal or high; and
the resultant pH can be dangerously low.

Dogs, cats, and human patients with cardiopul-
monary arrest typically develop lactic acidosis as a result
of low cardiac output and hypoventilation.3>3%%8 During
resuscitation, however, arterial blood gases may indicate
a normal pH with mixed metabolic acidosis and respira-
tory alkalosis and not reflect the ongoing marked reduc-
tion in mixed venous and tissue pH. Mixed venous
blood should be used for analysis in this setting.>® In
addition to being better for assessing global tissue perfu-
sion and cardiac output, venous pH and Pco, will
change earlier and to a greater extent than arterial values
during periods of circulatory insufficiency.** Patients
with pulmonary edema may develop hypoxemia and lac-
tic acidosis.’” The situation is worse in patients in
which pulmonary edema is secondary to heart failure.
Low cardiac output compromises tissue perfusion, wors-
ening the lactic acidosis.*® Dogs in septic shock usually
demonstrate respiratory alkalosis and metabolic acidosis.
Later in the course of the disease process, however,
patients may develop respiratory acidosis because of ven-
tilation-perfusion (V/Q) mismatch.232¢ Dogs with gas-
tric dilatation-volvulus complex also can present with
metabolic acidosis caused by lactic acidosis and respira-
tory acidosis resulting from diaphragmatic compression
by the distended stomach.3”

Systemic pH is very low in patients with combined
metabolic and respiratory acidosis, and specific therapy
must be initiated quickly.® In those patients in which lac-
tic acidosis is the cause of metabolic acidosis, tissue
hypoxia is the most likely underlying cause, and thera-
peutic measures should be taken to augment oxygen
delivery to the tissues and to reestablish cardiac output.3?
Patients should be artificially ventilated if necessary. This
will reduce Pco, and increase pH. Sodium bicarbonate is
not indicated to treat patients with metabolic acidosis
that also have respiratory acidosis because they cannot
excrete the CO, generated by NaHCO, administration.
The CO, will diffuse into the cells and further decrease
intracellular pH. Sodium bicarbonate may be considered
in ventilated patients with [HCO,"] less than 5 mEq/L
because at this concentration even a small decrease in
serum bicarbonate is associated with a large decrease
in serum pH.?° In this situation, small titrated doses of
NaHCO, are used as a temporizing measure to maintain
[HCO,"] greater than 5 mEq/L while attempts to
improve oxygenation are continued. (See Chapter 10 for
further discussion of lactic acidosis.)

Respiratory Alkalosis and Metabolic Alkalosis

This mixed disorder is commonly present in human
patients with hepatic failure or in those with congestive
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heart failure and pulmonary edema who are treated with
diuretics. These patients have low Pco,, high [HCO,™],
and high pH, and their alkalemia may be severe. Similar
clinical conditions also occur in small animal medicine
(see Box 12-6), but severe alkalemia is not common.
Mixed respiratory and metabolic alkalosis was not
observed in study of 20 dogs with alkalemia identified
from 962 dogs in which blood gas analysis was per-
formed.*® In dogs with experimental metabolic alkalosis,
superimposition of chronic respiratory alkalosis causes a
decrease in [HCO,"], sufficient not only to prevent
development of significant alkalemia but also to offset
entirely the effect of hypocapnia on plasma [H*].3* In
dogs, mixed metabolic alkalosis and respiratory alkalosis
are more common in patients with chronic respiratory
disease placed on diuretics. Severe alkalemia is only likely
to occur in dogs with long-standing respiratory acidosis
and a compensatory increase in [HCO,™] that are placed
on a ventilator. This maneuver acutely lowers Pco,,
whereas [HCO,™| remains high for approximately 24
hours.?? Severe alkalemia also was observed in dogs with
severe canine babesiosis caused by Babesia canis rossi.3°

Because most patients with this mixed disorder have
metabolic alkalosis superimposed on chronic metabolic
alkalosis, therapy usually is directed at correcting the
metabolic alkalosis. In addition, compensation for simple
chronic respiratory alkalosis is so effective that pH usu-
ally is normal. Therefore correction of the metabolic
alkalosis will be associated with normalization of pH
even if the chronic respiratory alkalosis cannot be
treated. The goal of treatment in metabolic alkalosis is to
replace the chloride deficit while providing sufficient
potassium and sodium to replace existing deficits.
Dehydrated patients should be rehydrated accordingly.
Definitive treatment of the underlying disease process
prevents recurrence of the metabolic alkalosis.

Hyperchloremic and High-AG Metabolic
Acidoses

This mixed disorder usually is seen in patients with renal
failure, in the resolving phase of ketoacidosis, or in
patients with high-AG acidosis that develop diarrhea or
receive fluid therapy (see Box 12-6). The pH and
[HCO,"] are low, and the diagnosis is suggested by an
increase in unmeasured anions and a chloride gap of less
than —4 mEq/L (see Table 12-4).

Human patients with chronic renal failure (serum cre-
atinine concentration of 2 to 4 mg/dL) initially develop
hyperchloremic acidosis. With progression of the disease
(serum creatinine concentration of 4 to 14 mg/dL),
metabolic acidosis progresses, but the further decrease
in total CO, is associated with an increase in unmea-
sured strong ions (e.g., sulfate, acetate) and hyperphos-
phatemia, whereas hyperchloremia remains
unchanged.®® However, human patients with advanced
renal failure sometimes may have a simple acid-base dis-

order, either hyperchloremic or high-AG acidosis.*”»5
Patients with diabetes mellitus may have a mixed high-
AG and hyperchloremic acidosis because of development
of diarrhea or in the resolving phase of the ketoacidotic
crisis.*”¢ Hyperchloremia in the recovery phase devel-
ops for at least three reasons: (1) large volumes of saline
are administered; (2) KCl is infused in large doses; and
(3) ketones are lost in the urine, and NaCl is reabsorbed
by the kidneys.*® As discussed earlier, human patients
with chronic hepatic disease may have enhanced proxi-
mal renal tubular sodium reabsorption that may limit
distal H* secretion.’ This may lead to hyperchloremic
acidosis, decreased lactate metabolism, and development
of'a high-AG acidosis. Severe canine babesiosis caused by
B. canis rossi also has been shown to cause this combina-
tion of disturbances.?® The treatment in mixed hyper-
chloremic and high AG acidoses should be directed at
the primary disorders responsible for metabolic acidosis.
Treatment with NaHCO, may be necessary in selected
patients with low pH and severe corrected hyper-
chloremia or renal failure. Limitations of NaHCO, treat-
ment for lactic acidosis were discussed earlier. Sodium
bicarbonate is not indicated in diabetic patients even if
pH is less than 7.0.43:55

Mixed High-AG Metabolic Acidosis

Two different causes of high-AG metabolic acidosis may
coexist in the same patient, and this usually is a result of
lactic or uremic acidosis superimposed on another cause
of high-AG acidosis. The pH and [HCO,™] are low in
affected patients with increased unmeasured ions and
normal chloride gap (see Table 12-4). It is not possible
to differentiate between simple and mixed high-AG
metabolic acidosis if only blood gases and serum elec-
trolytes are assessed. Serum creatinine concentration,
blood urea nitrogen (BUN), and plasma lactate concen-
tration must be measured to confirm the presence of this
mixed disorder.*?

Patients with ketoacidosis may develop lactic acidosis
because of decreased tissue perfusion or impaired lactate
utilization caused by decreased insulin activity. In this
circumstance, lactic acidosis promotes conversion of ace-
toacetate to B-hydroxybutyrate, which does not react
with nitroprusside in the urinalysis dipstrip reagent pad,
thereby masking the ketoacidosis.*® It has been sug-
gested that adding a few drops of hydrogen peroxide to
the urine specimen would nonenzymatically convert
B-hydroxybutyrate to acetoacetate, which then would be
detected by the nitroprusside reagent.*! However, this
method has been shown to be ineffective in converting
B-hydroxybutyrate to acetoacetate in dogs.!®

Treatment in this mixed disorder should be directed
toward resolving the primary disorder causing metabolic
acidosis and toward stabilizing the patient. The use and
limitations of NaHCO; in lactic acidosis, uremic acido-
sis, and ketoacidosis have been discussed previously.
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Patients with severe acidosis (pH, <7.1) and renal failure
may benefit from small, titrated doses of NaHCO,.

Mixed Hyperchloremic Metabolic Acidosis

This is a very rare disorder in veterinary medicine
because the only clinical situation that commonly causes
hyperchloremic acidosis is diarrhea. The pH and
[HCO,] are decreased in these patients, and the AG is
normal with corrected hyperchloremia (see Table 12-4).
Fluid therapy with lactated Ringer’s solution or 0.9%
NaCl solution with or without KCI supplementation is a
common cause of hyperchloremic acidosis in hospital-
ized patients. In patients with a preexisting hyper-
chloremic acidosis, fluid therapy will induce a mixed
hyperchloremic metabolic acidosis. Parenteral nutrition
in patients with diarrhea also could cause a mixed hyper-
chloremic acidosis because of addition of cationic amino
acids (e.g., lysine HCI, arginine HCI). Treatment should
be directed toward resolving the primary disease respon-
sible for the acidosis. Treatment with NaHCO, is safer in
hyperchloremic acidoses and should be used if pH is less
than 7.10 or the [HCO,] is less than 10 mEq/L. The
potential causes of mixed metabolic disorders are sum-
marized in Box 12-6.

TRIPLE DISORDERS

Metabolic Acidosis, Metabolic Alkalosis,
and Respiratory Acidosis or Alkalosis

Triple disorders occur whenever a respiratory disturbance
complicates a mixed metabolic acidosis and metabolic
alkalosis. The pH and [HCO;] may be normal,
decreased, or increased, and Pco, is greater than expected
when the mixed metabolic disturbance is complicated by
respiratory acidosis and lower than expected when it is
complicated by respiratory alkalosis. Patients with low-
output heart failure treated with diuretics may develop
lactic acidosis and hypochloremic alkalosis. If such a
patient develops interstitial pulmonary edema, there is a
decrease in compliance, and stimulation of ventilation
causes Pco, to decrease and respiratory alkalosis to
develop.! With increasing severity of the edema, hypoven-
tilation with respiratory acidosis may occur.! However,
dogs have good collateral ventilation, and hypercapnia
occurs only in fulminant pulmonary edema.®”

Patients with gastric dilatation-volvulus can present
with metabolic alkalosis and lactic acidosis.??>37:6! These
patients also can develop respiratory alkalosis as a result
of a pain-induced increase in ventilation®” or sepsis.?
Respiratory acidosis also can develop if ventilation is
impaired by a grossly overdistended stomach.3” Severe
babesiosis in dogs infected with B. canis rossi also can
cause triple disorders with respiratory alkalosis as a result
of a systemic inflammatory response syndrome (in a sep-
sis-like state), lactic acidosis, and hyperchloremic acido-
sis.?? It is not known why dogs with this disease develop
hyperchloremic acidosis. Other potential causes of triple

disorders are outlined in Box 12-7. The treatment of
triple disorders should be directed at stabilizing the
patient’s clinical condition and resolving the underlying
disease process. In the majority of these cases, the meta-
bolic acidosis is caused by lactic acid accumulation.
Therefore the principles discussed under mixed respira-
tory acidosis with lactic acidosis are valid here.

TREATMENT

When treating a patient with a mixed disorder, always pri-

oritize the order in which the abnormalities are managed:

1. Treat the most life-threatening disorder that the body
cannot address itself first (e.g., decompress the dilated
stomach of a patient with gastric dilatation-volvulus
while aggressively supporting intravascular volume
before trying to manipulate ventilatory volume or rate
or correct electrolyte disturbances; manage the meta-
bolic components [carbohydrate and fluid abnormali-
ties] of the acid-base abnormalities in the patient with
diabetic ketoacidosis before concerning yourself with
the respiratory abnormalities). Correcting these prior-
ity disorders will allow the body the opportunity to
address the lesser abnormalities itself.

2. Treat the most treatable disorder next.

3. Direct manipulation of blood pH is rarely required
and more often than not may be contraindicated.

4. Take into consideration the systemic pH of the
patient. For example, if a dog has a pH of 7.35 and
[HCO; ] of 12 mEq/L, no attempts should be made
to correct this relatively normal pH. The exception to
the rule is the patient with [HCO;"] of 5 mEq/L or
less. In these patients, a small decrease in [HCO,™] is
associated with a large decrease in pH.

5. Do not overlook the second disorder. The effect that
treating one disorder has on the second disorder must

1O S PEV AN Examples of Potential

Causes of Triple Disorders

Metabolic Acidosis, Metabolic Alkalosis,
and Respiratory Acidosis
Low-output heart failure with pulmonary edema
and diuretics
Gastric dilatation-volvulus

Metabolic Acidosis, Metabolic Alkalosis,
and Respiratory Alkalosis
Low-output heart failure with pulmonary edema and
diuretics
Gastric dilatation-volvulus
Parvovirus gastroenteritis (vomiting, diarrhea,
and sepsis)
Severe canine babesiosis caused by Babesia canis rossi
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be anticipated, and both processes ought to be
assessed simultaneously.
The potential complications of treatment also should

be anticipated (e.g., overshoot metabolic alkalosis after
NaHCO, treatment), and iatrogenic mixed acid-base
disorders should be avoided (e.g., administration of
drugs that suppress ventilation in patients with metabolic
acidosis). The reader is referred to chapters on the indi-
vidual acid-base disorders for further discussion of treat-
ment (see Chapters 10 and 11). However, bear in mind
that mixed disturbances that cause additive effects on pH
(e.g., respiratory and metabolic acidosis) require more
aggressive therapy than those with neutralizing effects
(e.g., respiratory alkalosis and metabolic acidosis).
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