PROBLEM SOLVING IN ACID-BASE DIAGNOSIS

— — How tointerpret the anion gap

WILLIAM D, PAULSON, M.D,

P~ Do you know the anion gap reference valus of
your clinical laboratory?

P Why do changes in unmeasured anion and
unmeasured cation lavels alter the anion gap?

P Whet ere the major causes of an altered anion
gap in critically ill patients?

P Why are AAG and AHCO, equal in diabetic
ketoacldosis?

P What are the limitations in using the anion gap
to diagnose acld-base disorders?

Because the serum anion gap (Na - [Cl + HCO,]) is
readily obtained from the eléctrolyte measurements
of an analyzer, it is usually one of the first determi-
nations made in the evaluation of acid-base disor-
ders.! For this reason, anion gap measurements ars
widely used in hospitalized patients, particularly the
critically ilL

This is the first article in an ongoing series about
acid-base diagnosis. My focus here is on the interpre-
tation of the anion gap, especially in patients with
metabolic acidoses or mixed acid-base disorders. In
future articles, I will discuss the interpretation of ar-
terial blood gas measurements as well as provide case
studies on the disgnosis of acid-base disorders.

Understanding the anlon gap

To fully understand the anion gap, it is useful to re-
call that body fluids are electroneutral That is, the
total concentration of cations equals the total con-
centration of anions, in milliequivalents per liter

(Figure 1):

Ne+ K+ Ca«Mg==Cl+-HCO, - albumin
+organic anions + PO, + 80,
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The anion gap is found by rearranging the above
equation®

Anton gap =Na - {Cl+ HCOp
= (albumin + organic anions + PO, + 50,)
- (K+Ca+Mg
= {unmeasured anlons) - (unmeasured cations)

The anion gap equation shows that the measured
ions (Na, CL, HCO,) can be used to yield information
about the unmeasured anions and unmeasured cat-
ions For example, an increase in unmeasured anions
or a decrease in unmeasured cations will increase the
anion gap, (Note: Analyzers actually measure the
total CO, content, not HCO, itself, but total CO, con-
tent is usually a good approximation of HCO,.)

Anion gap reference value

The traditional reference value given for the anion
gap has been 12 mEqg/L, but many of the analyzers
currently used produce different values®* Thus,
clinicians should know the reference value of their
clinical laboratory when measuring the anion gap or
assessing a changs in its value, At Louisiana State
University Medical Center, for instance, the Kodak
Ektachem analyzer recently gave a valueof 12.1 = 4.0
(+ 28D) mEq/L in 58 healthy subjects. In the discus-
sion below, the reference value for the anion gap is
assumed to be 12 mEq/L (interval, 8 to 16 mEq/L).

Causes of change

The major causes of a change in the anion gap are
summarized in Table 1,

@ Low anipn gap: The most common cause of a low
anion gap probably is hypoalbuminemia, which fre-
guently occurs in critically {1l patients. A decrease in
the albumin level of 1 g/dL should reduce the anion
gap by roughly 25 mEq/L.5

e High anion gap: The most common causes of a high
anion gap are metabolic acidoses in which HCO, is
titrated by organic acids such as lactic acid and keto
acids. When the anion gap is at least 25 to 30 mEq/L,
| an organic acidosis is almost always present, regard-
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——lessof whether the HCO, level isteduced®

Metabolic alkaloais with fluid-volume depletion
raises the anion gap roughly 5 mEqg/L for each 0.1 in-
crease in pH? The cause of this increase is not fully
understood, although an increase in the albumin con-
centration and a pH-induced increase in the negative
charge of albumin are contributory?

I will use diabetic ketoacidosis as the model of an
anicn gap acidosis in this paper because it is common
and because electrolyte patterns in this disorder have
been thoroughly studied. During ketoacidesis, keto
acids release hydrogen ions and thereby titrate HCO,
in the following reaction:

Ket-H  NaHCO, = NaKet + H,0+ CO,

In this model, each milliequivalent of HCO, that is
consumed is replaced by 1 mEq of ketone anion, As
the anion gap equation demonstrates, an increase in
organic anions raises the anion gap.

Diagnosing high anion gap acidosis

The first step in using the anion gap to diagnose acid-
base disorders is to compute the difference between
the measured value and the reference value:

AAG = measured value — reference value

As discussed earlier, the reference value depends
on the analyzer, but is assumed tobe 12 mEq/Lin the
examples below,

An example of the serum electrolyte profileina pa-
tient with diabetic ketoacidosis is shown in Table 2.
In this example, HCO, has decreased from 26 to 11
mEq/L and the anion gap has increased from 12 to 27
mkEqg/L, so that;

AAG = AHCO, = 15 mEg/L

In reality, titration of body fluids by organic acids
is more complicated than simple titration of HCO,?
For example, in diabetic ketoacidosis, keto acids also
titrate non-HCO, extracellular buffers (such as al-
bumin) and intracellular buffers. In addition, if
glomerular filtration is preserved, a portion of the ke-

Table 1 - Major causes of change in
the anion gap
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Figure I — The electroneutrality of body fluids is illustrat-
ed by this profile of normal serum electrolyte values. The
total concentration of cations equals that of anions.
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How to interpret the anion gap

tone anions may be excreted in the urine. .
Nevertheless, AAG and AHCO, are roughly equal in Table 2 - Serum electrolyte profile in
diabetic ketoacidosis (Figure 2), which suggests that diabetic ketoacidosis

these additional factors offset each other e P B | fu“mmalﬂw il Kmuaﬂduﬁ;m.
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Diagnosing mixed acid-base disorders by b o = -E; e = _r
Once an anion gap acidosis is diagnosed, the rela- | | e o 5@"4..13 Jusj.ﬁw, r i ik aﬁﬁﬁ‘iﬁ‘%

tionship between the anion gap, HCO,, and chloride i Cl (aboStai a6 ei=103 353 1ied1 03 ﬁﬁ;mwi‘
concentrations can help determine whetheramixed | [T @ SIS S pald b mmm 2
acid-base disorder is present, For example, consider **"F AR Wt o e X ““‘;"’*“E““ i 5%
a patient with diabetic ketoacidosis in whom hyper- ﬁ!‘!?&gﬁfzﬁﬂkﬁiﬂﬁﬂgﬁa belbipie 2
chloremic metabolic acidosis has been induced by di- ﬁEHCﬁ e
arrhea (Table 3). % = i »uu- VARTE 1 Ww i!

. | AAG R nx -’9~
In this example, NaHCO, islost in the stool and re- {?‘ é%‘ = 5
placed by dietary NaCl This is equivalent to titration
of NaHCO, by hydrochloric acid: in this mixed disorder seems large. It would be use-
ful to know the likelihood that such a difference is
HC =MaCl 0+

s S L due to random laboratory variation rather than to
Thus, in pure hyperchloremic acidosis, the HCO,de- | the presenceofa mixed disorder. Regression analy-
crease is matched by an equal chloride increase, | sis has recently shown that in 5% of patients with

without significantly altering the anion gap: pure diabetic ketoacidosis, AAG and AHCO, differ
AHCO, = AC1 = 10 mEg/L and AAG =0 at most by 8 mEq/L (Figure 3)} Thus, a difference of

10 mEqg/L suggests either hyperchloremic acidosis or

In pure diabetic ketoacidosis (Figure 3, point A): respiratory alkalosis (since both can lower HCO, and
AAG = AHCO, = 10 mEq/L and aC1=0 raise chloride). In this example, the history of diar-

thea supports the possibility of hyperchloremic aci-
In combined ketoacidosis and hyperchloremic aci- | doesis Anarterial blood gas measurement would help
dosis (point B}, the HCO, decrease is matched bya | confirm this diagnosis.
combined chloride and anion gap increase:
AHCO, = ACL+ AAG = 10+10 =20 mEq/L Limitations of the anion gap o
The comparison between AAG and AHCO, in Figure
The 10 mEq/L difference between AAG and AHCO, | 3 assumes anion gap acidoses are the only acid-base

Table 3 - Serum electrolyte profile in combined diabetic
ketoacidosis and hyperchloremic acidosis

Figure 2 .Tn d.l'a.berlc keraar.dd asis the
| anion gap increase (AAG) is predicted to

equal the HCO, decrease (AHCO,), as this
i regression line shows,
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disorders that alter the anion gap. With the notable

— gxception of metabolic alkalosis, this isa reasonable

approximation in clinical practice. Respiratory acid-
base disorders have a minimal effect on the anion
gap® For unknown reasons, hyperchloremic acidosis
may lower the anion gap’®; however, in disorders—
such as diarrhea—that are accompanied by fluid-vol-
ume depletion, this effect may be offset by an in-
crease in unmeasured anions (for example, albumin).
In clinical practice, it is generally assumed that the
anion gap is unchanged in hyperchloremic acidosis,
In comparing AAG and AHCO,, clinicians should also
recall that a number of conditions that are not acid-
base disorders can alter the anion gap (Table 1),

This discussion has used diabetic ketoacidosis as
the model of an anion gap acidosis. The relationship
between AAG and AHCO, is less well defined in other
anion gap acidoses, however, and in'some cases may
be somewhat different from diabetic ketoacidesis. In
addition, detailed criteria for diagnosing mixed dis-
orders in other anion gap acidoses have not yet been
determined.

For example, the ratio of AAG to AHCO, is roughly
1.4 in lactic acidosis ™2 The ratio may be higher than
1.0 because the urinary excretion of lactate, unlike
ketone anions, is ordinarily negligible.! Thus, if
AHCO, is 10 mEq/L, then AAG is predicted to be
roughly 14 mEq/L. A mixed disorder might be sus-
pected if AAG is substantially different from 14
mEq/L, but how large that difference should be has
not been determined.
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Figure 3 — A mixed acid-base disorder is suggested by this
graph depicting findings from a hypoth etical patient with
diabetic ketoacidosis (point A, In whom hyperchloremic
acidosis develops (point B). The fact that the HCO, de-
crease (AHCO, ) is more than 8 mEg/L Jarger than the anion
gapincrease (AAG) pointsfoa mixed disorder, Pure anfon
gap acidoses should produce values within the dashed
lines. The solid line denotes AAG = AHCO,,
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How to interpret the anion gap:
Clinical cenclusions
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