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TheDAnionGap/D Bicarbonate Ratio in Lactic Acidosis: Time
for a New Baseline?

Deborah Lu ,1 Hubert Song ,2 In-Lu Amy Liu ,2 Jiaxiao Shi ,2 and Richard M. Treger 1,3

Key Points
c The mean delta anion gap (DAG)/delta bicarbonate (DHCO3) calculated using an albumin-corrected anion gap and each
patient’s individual baseline AG and serum HCO3 was 1.20.

c The DAG/DHCO3 using mean normal AG and serum HCO3 was 1.6–1.8; use of mean normal values can result in mis-
diagnosis of complex acid-base disorders.

c The elevated DAG/DHCO3 is likely due to unmeasured anions.

Abstract
Background The ratio of delta anion gap and delta bicarbonate (DAG/DHCO3) is used to detect coexisting acid-base
disorders in patients with high anion gapmetabolic acidosis. The DAG/DHCO3 ratio of 1.6–1.8:1 in lactic acidosis is derived
from limited data using mean normal values for anion gap (AG) and serum HCO3. The objective of this study was to be the
first to examine the DAG/DHCO3 using each patient’s individual baseline AG and serum HCO3.

Methods This was a retrospective cohort study of adult intensive care unit (ICU) patients with sepsis. Laboratory data from
simultaneously drawn chemistry panel, including anion gap and serum lactate on admission to the ICU, were obtained.
Baseline AG, HCO3, and albumin measurements were obtained 1–24 months before ICU admission. The DAG/DHCO3 was
calculated using an albumin-corrected anion gap and each patient’s individual baseline AG and serum HCO3.

Results Three hundred forty-four patients were included. One hundred twenty-eight patients had normal serum
lactate levels (#1.9 mmol/L), and 216 patients had elevated serum lactate levels (.1.9 mmol/L). DAG/DHCO3 was
calculated for the 216 patients who had elevated serum lactate levels (.1.9 mmol/L). The mean DAG/DHCO3 for all
patients with elevated serum lactate levels was 1.20 (SD 1.50).

Conclusions The mean DAG/DHCO3 calculated using an albumin-corrected anion gap and each patient’s individual
baseline AG and serum HCO3 was 1.20. The DAG/DHCO3 reported in prior literature that used mean normal AG and
serum HCO3 was 1.6–1.8, highlighting that use of mean normal values affects the calculation of the DAG/DHCO3 and
subsequent conclusions about underlying pathophysiology. The use of these mean normal values can result in misdiagnosis
of complex acid-base disorders and inappropriate treatment. Our analysis indicates that the elevated DAG/DHCO3 is likely
due to unmeasured anions contributing to an elevation in AG.
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Introduction
The delta anion gap (DAG) and delta bicarbonate (DHCO3)
ratio (DAG/DHCO3) is used to detect complex acid-base
disorders in patients with high anion gapmetabolic acidosis.
In general, a fall in the bicarbonate concentration (DHCO3)
accompanies an equivalent rise in the anion gap (DAG), and

this apparent 1:1 stoichiometry has been used to identify
coexisting acid-base disorders, such asmetabolic alkalosis or
normal anion gap metabolic acidosis; a DAG/DHCO3 ,1
suggests a coexisting normal anion gap metabolic acidosis,
whereas a DAG/DHCO3 .1–2 suggests a coexisting meta-
bolic alkalosis.1
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The traditional teaching in lactic acidosis is that lactate
anions tend to remain in the extracellular fluid compart-
ment, whereas protons that accompany the lactate are
buffered outside of the extracellular fluid, primarily in
cells and bone. In addition, lactate excretion by the kidney
is usually decreased because of multiple factors, including
hypoperfusion, kidney dysfunction, and lactate absorp-
tion by sodium-lactate transporters. The net result is a
DAG/DHCO3 ratio of more than one in lactic acidosis,
usually approximately 1.6–1.8.
The DAG/DHCO3 ratio of 1.6–1.8:1 in lactic acidosis is

derived from limited animal2,3 and human data.2–9 Notably,
these previous studies used mean normal values for anion
gap (AG) and serum HCO3, which likely has an important
effect on the calculation of the ratio and subsequent
conclusions about the underlying pathophysiology. The
objective of this study was to be the first to examine the
DAG/DHCO3 in lactic acidosis using each patient’s indi-
vidual baseline AG and serumHCO3. A secondary objective
was to examine potential pathophysiologic explanations for
the observed DAG/DHCO3 ratio.

Methods
The study used a retrospective cohort of adult members

of a large integrated health care system (Kaiser Permanente
Southern California) admitted to intensive care unit (ICU)
with sepsis, established for a previous study (Kaiser Per-
manente Southern California Institutional Review Board
approval 12877).10 Five hundred twenty-six patients were
included in the original cohort. Laboratory data from a
simultaneously drawn chemistry panel, including anion
gap and serum lactate on admission to the ICU (or within
7 days before or after the index date if not available on
admission), were obtained. An albumin-corrected anion
gap was determined using the formula: Anion gap12.5
(4.02serum albumin). The serum albumin used to deter-
mine the albumin-corrected anion gap was obtained within
7 days of the chemistry panel and serum lactate. Baseline
AG, bicarbonate, and serum albumin measurements were
obtained 1–24months before ICU admission. By convention,
the DAG/DHCO3 ratio uses the term HCO3 in the denom-
inator. To maintain consistency with prior literature, this
study uses the termHCO3. However, it should be noted that
when using the terms HCO3 or bicarbonate, our study, as
well as prior literature,9 are referring to measured total CO2,
not calculated HCO3.

The DAG using each patient’s individual baseline AG
and serum HCO3 was determined by using the following
formula: initial albumin-corrected anion gap (drawn
on admission to ICU) 2 baseline albumin-corrected anion
gap. The baseline albumin-corrected anion gap was de-
termined by obtaining the average of up to three albumin-
corrected anion gaps drawn as outpatient status between 1
and 24 months before the hospitalization resulting in
ICU admission, using a serum albumin drawn as an
outpatient within 12 months of the anion gaps. The DHCO3

was determined by using the following formula: baseline
bicarbonate 2 initial bicarbonate (drawn on admission
to ICU). The baseline bicarbonate was determined by
obtaining the average of up to three bicarbonate values
drawn as outpatient status between 1 and 24 months

before the hospitalization resulting in ICU admission.
The DAG/DHCO3 was also calculated using mean normal
values for AG and HCO3. The DAG using mean normal
values for AG was determined by using the following
formula: initial albumin-corrected anion gap (drawn on
admission to ICU)2mean albumin-corrected anion gap of
the 128 patients with normal lactate levels (10.9 mEq/L). The
delta HCO3 using mean normal values for HCO3 was de-
termined by using the following formula: mean HCO3 of the
128 patients with normal lactate levels (26.9 mEq/L)2 initial
bicarbonate (drawn on admission to ICU). The delta lactate
was determined by using the following formula: initial
serum lactate (drawn on admission to ICU) 2 baseline
lactate (mean lactate level of patients with normal serum
lactate levels, 1.55 mmol/L).

Statistical Analysis
The association between DLactate and DAG, arterial

pH and the DAG/DHCO3, serum chloride and the
DAG/DHCO3, and systolic BP and the DAG/DHCO3 were
examined using Pearson correlation (r), and linear regres-
sionmodels were constructed. Least squares regression lines
were calculated and plotted. In addition, the association
between DHCO3 and DAG was examined using Pearson
correlation, a linear regression model was constructed, and
95% prediction intervals were computed.

Results
The study included 344 patients (Figure 1). One hundred

twenty-eight patients had normal serum lactate levels
(#1.9 mmol/L), and 216 patients had elevated serum lactate
levels (.1.9 mmol/L). Among 526 patients from the original
cohort, 37 patients were excluded because they were not
members of the health care system for 2 continuous years
(the period during which baseline AG and serum HCO3

were obtained), five patients were excluded because of
missing laboratory values, 102 patients were excluded be-
cause of a negative DAG, and 38 patients were excluded
because of a negative DHCO3.
The patients with normal serum lactate levels had a mean

lactate level of 1.55 mmol/L, the values used to calculate
subsequent DLactate values in the patients with elevated
serum lactate levels. Themean lactate for the elevated lactate
group was 4.9 mmol/L, with an SD of 2.99 mmol/L and
range between 2.0 and 20.2 mmol/L. DAG/DHCO3 and
DLactate/DHCO3 were then calculated for the 216 patients
who had elevated serum lactate levels (.1.9 mmol/L).
Table 1 shows the patient characteristics.
The mean DAG/DHCO3 using each patient’s individual

baseline AG and serum HCO3 was 1.20 with a SD of 1.50,
while the mean DAG/DHCO3 using mean normal AG and
serumHCO3 was 1.6 with a SD of 3.76. The mean DLactate/
DHCO3 was 0.6 with an SD of 0.67.
Figure 2 shows the linear regression model examining

DLactate and DAG. The r 5 0.65 with a P value of ,0.001.
The R-square (R2) is 0.42. Figure 3 shows the linear regres-
sion model examining arterial pH and the DAG/DHCO3

ratio. The r 5 0.095 with a P value of 0.501. Figure 4 shows
the linear regression model between serum chloride and the
DAG/DHCO3 ratio. The r 5 0.212 with a P value of 0.002.
Figure 5 shows the linear regression model examining
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systolic BP and DAG/DHCO3. The r 5 0.053 with a P value
of 0.438. Figure 6 shows the linear regressionmodel between
DHCO3 and DAG. The r 5 0.51 with a P value of ,0.001.
Dashed lines represent the 95% prediction interval.

Discussion
This study is a retrospective cohort of 344 patients

from a large integrated health care system admitted to
the ICU with sepsis (Figure 1). The characteristics of the

patients in this study are consistent with the characteris-
tics typically seen in patients admitted to the ICU with
sepsis (Table 1).
The ratio between the DAG, which signals alterations

in the concentration of unmeasured anions, and DHCO3

has been used to evaluate for concurrent acid-base dis-
orders in patients with underlying high anion gap met-
abolic acidosis.1 The accumulation of an organic acid,
such as lactic acid, in the blood results in a reduction in
serum HCO3. The accompanying anion, such as lactate,

Study 1 cohort size (n=526)

Members without two years
continuous enrollment (n=37)

Members with two years continuous
enrollment with a 45 day gap prior to

index ( n=489)

Members without any baseline
creatinine data (n=4)

Members with baseline creatinine
data (1-24 months prior to index)

(n=485)

Members with baseline and ICU
creatinine data (n=484)

Members with baseline and ICU data
for creatinine, anion gap, and bicarb

(n=484)

Normal lactate values at index
(n=233)

Members with a positive delta anion
gap (n=159)

Members with a positive delta bicarb
(n=128)

Members with a positive delta bicarb
gap (n=216)

Members with a positive delta anion
gap (n=223)

High lactate values at index (n=251)

Members without any baseline
creatinine and ICU creatinine data

(n=1)

Figure 1. Flow chart of patient inclusion and exclusion. ICU, intensive care unit.
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Table 1. Patient characteristics

Lactate Level Normal (N5128) High (N5216) Total (N5344) P Value

Age at index (yr) 0.2303a

N 128 216 344
Mean (SD) 73.0 (13.03) 71.1 (13.39) 71.8 (13.27)
Median 73 73 73
Range 20.0–99.0 22.0–97.0 20.0–99.0

Sex, n (%) 0.9379b

Female 61 (47.7) 102 (47.2) 163 (47.4)
Male 67 (52.3) 114 (52.8) 181 (52.6)

Race and ethnicity, n (%) 0.7884b

White 48 (37.5) 70 (32.4) 118 (34.3)
Black 18 (14.1) 29 (13.4) 47 (13.7)
Asian/Pacific Islander 15 (11.7) 30 (13.9) 45 (13.1)
Hispanic 47 (36.7) 86 (39.8) 133 (38.7)
Other/unknown 0 (0.0) 1 (0.5) 1 (0.3)

RRT during encounter, n (%) 0.7947b

No 98 (76.6) 168 (77.8) 266 (77.3)
Yes 30 (23.4) 48 (22.2) 78 (22.7)

BMI 0.0774a

N 128 215 343
Mean (SD) 28.7 (8.60) 26.9 (7.03) 27.6 (7.70)
Median 27.3 26 26.3
Range 14.9–52.6 12.9–59.5 12.9–59.5

Diagnosis of COVID-19 during encounter, n (%) 0.4964b

No 122 (95.3) 209 (96.8) 331 (96.2)
Yes 6 (4.7) 7 (3.2) 13 (3.8)

Diagnosis of AKI during encounter, n (%) 0.6448b

No 75 (58.6) 132 (61.1) 207 (60.2)
Yes 53 (41.4) 84 (38.9) 137 (39.8)

Creatinine increased >0.3 mg/dl from baseline to
encounter, n (%)

0.0010b

No 75 (58.6) 87 (40.3) 162 (47.1)
Yes 53 (41.4) 129 (59.7) 182 (52.9)

Elixhauser index 0.4918a

N 128 216 344
Mean (SD) 8.8 (3.34) 8.5 (3.45) 8.6 (3.41)
Median 9 9 9
Range 2.0–17.0 1.0–19.0 1.0–19.0

Used any metformin in baseline and during encounter, n
(%)

0.4768b

No 99 (77.3) 174 (80.6) 273 (79.4)
Yes 29 (22.7) 42 (19.4) 71 (20.6)

Used any albuterol in baseline and during encounter, n
(%)

0.0413b

No 37 (28.9) 86 (39.8) 123 (35.8)
Yes 91 (71.1) 130 (60.2) 221 (64.2)

Used any linezolid in baseline and during encounter, n
(%)

0.4964b

No 122 (95.3) 209 (96.8) 331 (96.2)
Yes 6 (4.7) 7 (3.2) 13 (3.8)

Used any propofol in baseline and during encounter, n
(%)

0.3517b

No 55 (43.0) 104 (48.1) 159 (46.2)
Yes 73 (57.0) 112 (51.9) 185 (53.8)

Used any salmeterol in baseline and during encounter, n
(%)

0.1976b

No 114 (89.1) 201 (93.1) 315 (91.6)
Yes 14 (10.9) 15 (6.9) 29 (8.4)

SOFA 0.0003a

N 115 194 309
Mean (SD) 5.2 (3.39) 6.9 (4.15) 6.3 (3.97)
Median 5 7 6
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Table 1. (Continued)

Lactate Level Normal (N5128) High (N5216) Total (N5344) P Value

Range 0.0–14.0 0.0–18.0 0.0–18.0
Temperature (F) 0.8618a

N 128 215 343
Mean (SD) 97.9 (1.44) 98.0 (1.76) 97.9 (1.65)
Median 98.1 98 98
Range 93.1–105.0 91.2–103.5 91.2–105.0

Systolic BP (mm Hg) 0.1711a

N 128 215 343
Mean (SD) 113.0 (27.40) 109.4 (27.25) 110.8 (27.32)
Median 107.5 106 106
Range 53.0–200.0 56.0–223.0 53.0–223.0

Diastolic BP (mm Hg) 0.4590a

N 128 215 343
Mean (SD) 64.1 (18.13) 63.8 (20.41) 63.9 (19.56)
Median 63 60 62
Range 26.0–155.0 0.0–195.0 0.0–195.0

Heart rate (BPM) ,0.0001a

N 128 215 343
Mean (SD) 92.5 (21.03) 105.6 (23.80) 100.7 (23.64)
Median 91 104 99
Range 50.0–160.0 51.0–196.0 50.0–196.0

Respiration rate (BPM) 0.1082a

N 128 215 343
Mean (SD) 23.4 (9.52) 24.6 (9.08) 24.2 (9.25)
Median 20.5 22 22
Range 8.0–50.0 10.0–50.0 8.0–50.0

SpO2 (%) 0.3568a

N 128 215 343
Mean (SD) 96.9 (3.61) 96.4 (4.56) 96.6 (4.23)
Median 98 98 98
Range 80.0–100.0 66.0–100.0 66.0–100.0

Albumin-corrected anion gap, baseline (mEq/L) 0.7004a

N 128 216 344
Mean (SD) 10.9 (2.65) 10.9 (2.62) 10.9 (2.63)
Median 10.6 10.8 10.8
Range 5.1–22.8 4.5–17.8 4.5–22.8

Albumin-corrected anion gap, ICU (mEq/L) ,0.0001a

N 128 216 344
Mean (SD) 15.5 (3.79) 17.7 (4.8) 16.9 (4.58)
Median 14.9 16.5 16.0
Range 8.3–30.5 8.3–33.3 8.3–33.3

Serum HCO3, baseline (mEq/L) 0.0126a

N 128 216 344
Mean (SD) 26.9 (3.18) 26.0 (2.96) 26.3 (3.07)
Median 27.0 26.2 26.7
Range 17.0–38.0 17.3–33.0 24.3–28.0

Serum HCO3, ICU (mEq/L) ,0.0001a

N 128 216 344
Mean (SD) 20.7 (4.43) 18.4 (4.60) 19.2 (4.67)
Median 20.0 18.5 20.0
Range 9.0–35.0 6.0–29.0 6.0–35.0

Albumin, baseline (g/dl) 0.7961a

N 128 216 344
Mean (SD) 3.4 (0.61) 3.3 (0.62) 3.4 (0.61)
Median 3.3 3.,3 3.3
Range 1.5–4.9 1.7–5.2 1.5–5.2

Albumin, ICU (g/dl) 0.6732a

N 128 216 344
Mean (SD) 2.4 (0.59) 2.4 (0.69) 2.4 (0.66)
Median 2.4 2.4 2.4
Range 1.3–5.1 1.0–4.8 1.0–5.1

Blood glucose (mg/dl) 0.0385a
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is conserved to maintain electroneutrality, resulting in a
rise in the serum anion gap. Theoretically, the decrease in
serum HCO3 corresponds to an equivalent increase in the
anion gap, resulting in a DAG/DHCO3 ratio of 1. Con-
sequently, any divergence from this 1:1 stoichiometry
may reflect a concomitant acid-base disorder in addi-
tion to the anion gap metabolic acidosis. For example,
a DAG/DHCO3 ,1 may suggest a coexisting normal
anion gap metabolic acidosis, whereas a DAG/DHCO3 .2
may suggest coexisting metabolic alkalosis.
There is variable stoichiometry of DAG/DHCO3 depend-

ing on the specific type of organic acidosis. In lactic acidosis,

classic teaching holds that hydrogen ion buffering occurs in
cells and bone, while only a small fraction of the lactate
remains in the intracellular fluid space, preferentially re-
siding within the extracellular fluid compartment. The lac-
tate concentration in the extracellular fluid remains elevated
because of decreased excretion from the kidney due to renal
hypoperfusion, kidney dysfunction, and increased lactate
absorption by sodium-lactate transporters. The net result is
an increased DAG/DHCO3, with a mean DAG/DHCO3

ratio of 1.6–1.81 on the basis of the existing literature. How-
ever, the mean DAG/DHCO3 ratio of 1.6–1.8 described in
lactic acidosis is based on limited animal and human

Table 1. (Continued)

Lactate Level Normal (N5128) High (N5216) Total (N5344) P Value

N 119 200 319
Mean (SD) 141.6 (56.15) 177.3 (117.12) 164.0 (100.26)
Median 128 138 134
Range 39.0–361.0 18.0–923.0 18.0–923.0

Hemoglobin (g/dl) 0.6043a

N 128 216 344
Mean (SD) 9.9 (1.75) 10.1 (2.52) 10.1 (2.27)
Median 10.1 9.9 9.9
Range 5.1–14.3 3.9–16.9 3.9–16.9

BUN (mg/dl) 0.8300a

N 128 214 342
Mean (SD) 43.0 (31.92) 43.8 (34.06) 43.5 (33.23)
Median 35.5 33 34
Range 4.0–171.0 4.0–218.0 4.0–218.0

Sodium (mEq/L) 0.6374a

N 128 216 344
Mean (SD) 136.5 (5.97) 136.6 (6.52) 136.6 (6.31)
Median 136 137 137
Range 120.0–159.0 113.0–165.0 113.0–165.0

Potassium (mEq/L) 0.2601a

N 128 216 344
Mean (SD) 4.1 (0.88) 4.2 (0.75) 4.2 (0.80)
Median 4 4.1 4.1
Range 2.5–8.4 2.4–7.3 2.4–8.4

Creatinine (mg/dl), baseline 0.1310a

N 128 216 344
Mean (SD) 1.6 (1.55) 1.4 (1.44) 1.5 (1.48)
Median 1.1 1 1
Range 0.4–9.9 0.3–10.5 0.3–10.5

Calcium (mg/dl) 0.2669a

N 114 188 302
Mean (SD) 8.0 (0.99) 7.8 (0.96) 7.9 (0.97)
Median 7.9 7.9 7.9
Range 4.9–11.2 5.2–11.8 4.9–11.8

Magnesium (mg/dl) 0.1715a

N 128 213 341
Mean (SD) 1.9 (0.45) 1.9 (0.50) 1.9 (0.48)
Median 1.9 1.8 1.9
Range 0.5–4.4 0.8–4.8 0.5–4.8

Phosphorus (mg/dl) 0.0920a

N 127 212 339
Mean (SD) 4.1 (2.12) 4.4 (1.99) 4.3 (2.04)
Median 3.4 4 3.8
Range 1.6–11.2 1.0–12.0 1.0–12.0

BMI, bodymass index; BPM, breaths perminute; COVID-19, coronavirus disease 2019; ICU, intensive care unit; SOFA, sequential organ
failure assessment.
aKruskal–Wallis P value.
bChi-squared P value.
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data using mean normal values for anion gap and serum
HCO3.

1 This has an important effect on the calculation of the
ratio and subsequent conclusions about the underlying
pathophysiology.
To our knowledge, no previous study has determined

the DAG/DHCO3 in lactic acidosis using each patient’s
individual baseline AG and serum HCO3. The main ob-
jective of this study was to examine the DAG/DHCO3 in
lactic acidosis using each patient’s individual baseline AG

and serum DHCO3. Using each patient’s individual base-
line AG and serum DHCO3, the mean DAG/DHCO3 was
1.20 with a SD of 1.50. Notably, although the use of the
actual normal AG baseline values of individual patients has
been advocated for calculation of DAG/DHCO3 given wide
interindividual variability in the anion gap,1 the mean
DAG/DHCO3 ratio of 1.6–1.8 described in lactic acidosis
is based on the existing literature which used mean normal
values for AG and HCO3. Our study was consistent with
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prior literature when using mean normal anion gap and
serum HCO3, yielding a mean DAG/DHCO3 of 1.6. This
has important clinical implications; for example, if the
DAG/DHCO3 using a patient’s own baseline AG and
serum HCO3 is 1.20 and the DAG/DHCO3 ratio in lactic
acidosis is 1.6–1.8 on the basis of prior literature, an
erroneous assumption may be made that there is a con-
current normal anion gap metabolic acidosis. The result

may be misdiagnosis of complex acid-base disorders and
inappropriate treatment.
In addition to establishing that the mean DAG/DHCO3

in lactic acidosis using each patient’s individual baseline
AG and serum DHCO3 is 1.2, our study helps elucidate
the reasons for the high DAG/DHCO3 ratio. Five possible
explanations for the deviation in 1:1 stoichiometry
have been proposed. Our prior work examined these

80 100 120

0

5

10

15

D
el

ta
 A

ni
on

 G
ap

 D
el

ta
 B

ic
ar

b 
R

at
io

Serum Chloride (mEq/L)

Fit 95% Prediction Limits95% Confidence Limits

Figure 4. Pearson correlation between serum chloride and DAG/DHCO3. r 5 0.212, P 5 0.002.

50 150100 200

0

5

10

15

D
el

ta
 A

ni
on

 G
ap

 D
el

ta
 B

ic
ar

b 
R

at
io

Systolic BP (mm Hg)

Fit 95% Prediction Limits95% Confidence Limits

Figure 5. Pearson correlation between systolic BP and DAG/DHCO3. r 5 0.053, P 5 0.438
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explanations, although use of mean normal values for AG
and HCO3 had an important effect on the calculation of the
ratio and subsequent conclusions about the underlying
pathophysiology.9

First, it has been suggested that lactate preferentially
resides in the extracellular fluid compartment, accumulating
further because of decreased urinary excretion of lactate
anion because of reduced renal function; in contrast, a sig-
nificant proportion of hydrogen ions that accompany the
lactate are buffered in cells and bone. The larger space of
distribution of hydrogen ions compared with lactate anions
has been proposed to result in a DAG/DHCO3 ratio of .1.
The assumption underlying this theory is that the increase
in AG relative to the decrease in HCO3 is a result of an
increase in extracellular lactate. Our data demonstrate
a mean DAG/DHCO3 of 1.2, differing from the mean
DAG/DHCO3 ratio of 1.6–1.8 in previous studies of lactic
acidosis in humans which used mean normal AG and
HCO3.

4,7–9 By contrast, the mean DLactate/DHCO3 was
0.60 (SD 0.67). In addition, Figure 2 demonstrates that the
DLactate can only explain 42% of the observed variance in
the DAG. Collectively, these data indicate that the high
DAG that results in an increased DAG/DHCO3 ratio
is not predominantly a result of increased extracellular
lactate, as the traditional proposed model suggests. These
results are consistent with our prior study examining the
DAG/DHCO3 in trauma patients with lactic acidosis due to
hypovolemic shock, although that study used mean normal
values for serum AG and plasma HCO3.

9

Second, theoretically, organic or inorganic anions or
cations may demonstrate a pH-dependent contribution
to the anion gap as the pH drops. For example, in met-
abolic alkalosis, the negative charge of albumin and the
concentration of albumin (when accompanied by volume
depletion) both increase with a rise in pH. Because albumin

is the major contributor to the anion gap, the net result is an
elevated anion gap in metabolic alkalosis. On the contrary, a
drop in pHmay alter the degree to which certain anions and
cations contribute to the anion gap, resulting in a high AG
and an elevated DAG/DHCO3 ratio. However, Figure 3
demonstrates that there is no statistically significant
association between arterial pH and the DAG/DHCO3

ratio (P 5 0.501). Consequently, the pH-dependent con-
tribution of anions or cations does not explain the in-
creased DAG/DHCO3 ratio observed in lactic acidosis.
These results are again consistent with our previous study
in patients with trauma.9

Third, based on an animal model, Madias et al.3 suggested
that hypochloremia may account for 30%–50% of the rise in
anion gap seen in lactic acidosis, resulting in a deviation from
1:1 stoichiometry and elevated DAG/DHCO3 ratio. The re-
duction of serum chloride results from extrusion of cellular
cations and resultant expansion of the extracellular compart-
ment during the buffering process in lactic acidosis. Figure 4
demonstrates that while there is a statistically significant
association between serum chloride and the DAG/DHCO3

ratio (P 5 0.002), serum chloride can only explain 4.5%
of the DAG. Notably, our previous work examining the
DAG/DHCO3 ratio in trauma patients with lactic acidosis
due to hypovolemic shock did not show a significant corre-
lation between serum chloride andDAG/DHCO3.

9 However,
that study only included 45 patients with elevated serum
lactate levels and may have been underpowered to detect an
association. Regardless, hypochloremia is not a major con-
tributor to the increase in DAG/DHCO3. Conversely, in the
presence of a superimposed hyperchloremic or normal AG
metabolic acidosis, an increase in serum chloride (indicating
hyperchloremic metabolic acidosis as can be seen with nor-
mal saline or diarrhea) would be expected to be associated
with a decrease in theDAG/DHCO3. Figure 4 demonstrates a
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Figure 6. Pearson correlation between DHCO3 and DAG. r 5 0.51, P , 0.001. Dashed lines represent the 95% prediction interval.
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P value of 0.002 indicating that there is a statistically
significant association between DAG/DHCO3 and serum
chloride. However, the R2 is 0.045, suggesting that hyper-
chloremic metabolic acidosis does not play a clinically
significant role in the variability seen in the DAG/DHCO3.
Finally, if there was a concurrent non AG metabolic aci-
dosis, the DAG/DHCO3 calculated using mean normal AG
and HCO3 would be decreased. However, although the
DAG/DHCO3 using baseline AG and HCO3 is 1.2, when
calculated using mean normal values, it is 1.6, consistent
with the previous literature.
Fourth, theoretically the severity of the shock and degree

of hypoperfusion may affect the DAG/DHCO3. For exam-
ple, the DAG/DHCO3 may be higher in profound lactic
acidosis with severe septic shock and tissue hypoperfu-
sion. However, Figure 5 demonstrates that there is no
statistically significant association between systolic BP
and the DAG/DHCO3 ratio (P5 0.438). This demonstrates
that severe hypotension and organ hypoperfusion do not
affect the DAG/DHCO3.

Fifth, given the absence of alternative explanations, it is
likely that the increase in AG that results in an elevated
DAG/DHCO3 ratio is comprised of unknown organic
anions (or less likely because of decrease in unmeasured
cations). Our data are consistent with the previous liter-
ature and demonstrates that in lactic acidosis, blood
lactate only explains 42% of the observed variance in
the anion gap.11–13 In other words, lactic acid does not
entirely account for the anion gap metabolic acidosis.
Some studies have identified increased concentrations of
Krebs cycle intermediates, including citrate, isocitrate,
and a-ketoglutarate.14,15 Importantly, these unmeasured
anions may increase in response to less severe tissue
hypoperfusion and increase earlier than the rise in serum
lactate, allowing earlier detection and treatment of sepsis
before the onset of lactic acidosis.10 This highlights the
importance of carrying out further work to identify and
characterize these unmeasured anions.
While attempts to identify the unmeasured anions in

lactic acidosis are ongoing, the DAG/DHCO3 remains a
widely used tool to detect complex acid-base disorders in
patients with lactic acidosis and other high anion gap
metabolic acidosis. The wide 95% prediction limits
suggest that DAG/DHCO3 should be used cautiously
in the diagnosis of mixed acid-base disorders (Figure 6).
As an example, although the mean DAG/DHCO3 was
1.2, the SD was 1.5. In addition, it should be recognized
that the AG is not a sensitive screening tool for
hyperlactatemia.10,16

To our knowledge, our study was the first to determine
the DAG/DHCO3 in lactic acidosis using each patient’s
individual baseline AG and serum HCO3. The strengths
of the study are that the anion gaps were corrected for
albumin, and this study contains the most precise data to
date given that the DAG and DHCO3 were calculated using
individual patient’s own baseline values.
However, the study does have some limitations. First,

our study is retrospective. However, our demographics are
similar to a typical population of patients with sepsis
admitted to the ICU, the ranges of laboratory values span-
ned the clinically important range, and the study used a
pathophysiology-based approach (rather than examining

patient outcomes), making it unlikely that systematic bias
was introduced. Second, anion gap and lactate were only
obtained on ICU admission. Sequential measurements may
have provided additional information. Third, our study
only examined patients with sepsis and septic shock. How-
ever, because most forms of type-A lactic acidosis are due
to marked tissue hypoperfusion, it is likely that the results
of this study will apply not just to sepsis and septic shock
but also to other pathophysiologic states characterized by
tissue hypoperfusion, including cardiac failure, hypovole-
mic shock, and cardiopulmonary arrest. Fourth, the anal-
ysis did not adjust for medications associated with lactic
acidosis (including propofol, metformin, or linezolid)
given that we used a pathophysiology-based approach
and did not examine clinical outcomes. However, it is
worth noting that there was not increased use of these
medications associated with lactic acidosis in the high
lactate group compared with the normal lactate group,
suggesting that these medications did not play a significant
role in the group that developed lactic acidosis (Table 1).
Fifth, the delta lactate was determined using the mean
lactate level of patients with normal serum lactate levels in
the ICU because outpatient lactate levels are not routinely
drawn. This may have introduced a degree of inaccuracy in
calculating the DLactate/DHCO3. Finally, the study used a
pathophysiology-based approach and did not examine
clinical outcomes such as length of stay or in-hospital
mortality.
The mean DAG/DHCO3 was 1.20 in patients with lactic

acidosis because of sepsis and septic shock, using each
patient’s individual baseline AG and serum DHCO3. The
classic teaching is that this deviation in 1:1 stoichiometry
results from intracellular buffering of protons while lactate
remains principally distributed in the extracellular space,
although our study provides further support in implicating
unmeasured anions as the cause.
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