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Context and Objective: Diabetic ketoacidosis (DKA) is associated with a metabolic alkalosis, which
is thought to be due to vomiting. However, alkalosis can occur in DKA without vomiting. We
retrospectively reviewed the acid-base disturbances in DKA admissions without vomiting.

Participants and Methods: We included admissions of the patients with blood glucose and beta-
hydroxybutyrate (�OHB) levels � 250 mg/dL and � 1.0 mmol/L, respectively. Admissions without vom-
iting were classified into a group with a �OHB � 3.0 mmol/L (DKA group) and a group with �OHB of
1.0–3.0 mmol/L (pre-DKA group). The acid-base status was analyzed by the modified base excess (BE)
method. BE effects were calculated by changes in sodium (BE free water, [BEFW]), and chloride (BECl).
Positive and negative values for each parameter suggested alkalosis and acidosis, respectively.

Results: Forty-five included admissions were divided into DKA (n� 34) and pre-DKA (n�11) groups.
Sodium-corrected chloride level and the chloride/sodium ratio were significantly lower in the DKA
group than in the pre-DKA group. In both groups, BEFW values were modestly negative. The mean
BECl values were positive in both groups, but significantly higher in the DKA group. The alkalinizing
effects by hypochloremia diminished the base deficit in the DKA group by approximately 25%. The
BECl value significantly correlated with serum total ketone levels (r � 0.66; P � .0001).

Conclusion: The modified BE method successfully proved the presence of hypochloremic alkalosis
in DKA without vomiting. This suggests the direct participation of serum ketoacids in the patho-
genesis of hypochloremic alkalosis. (J Clin Endocrinol Metab 101: 2390–2395, 2016)

Although diabetic ketoacidosis (DKA) is one of the
most common acid-base disturbances in clinical

practice to produce a high anion-gap (AG) acidosis, mixed
acid-base disturbances are observed in approximately
30% of cases (1–3). The most frequent of these mixed
disturbances is a metabolic alkalosis and vomiting, which
is often associated with DKA, and which is one of the most
common causes of hypochloremic metabolic alkalosis.
Consequently, vomiting has been considered the underly-
ing cause of metabolic alkalosis in DKA (2, 4–6). How-
ever, metabolic alkalosis can occur in DKA without any
history of vomiting. To our knowledge, the pathogenesis
of this alkalosis has not been established.

The traditional physiological approach, including
measurement of AG and base excess (BE) (7, 8) has been

unable to explain the pathogenesis of metabolic alka-
losis in DKA without vomiting. Although Stewart’s
physicochemical approach (9) has given important in-
sights into acid-base physiology, few studies have
looked specifically at this physiology in DKA. The ap-
proach by Gilfix et al (10), who combined the BE
method and the fundamental principles of Stewart’s
physicochemical model to produce a modified BE
method, could be a potentially useful approach to re-
solving these gaps in our knowledge. This simplified
method allows us quantify the metabolic contribution
of sodium, chloride, albumin, and unidentified anions
in acid-base disorders (10, 11).
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In the present study, we analyzed the acid-base distur-
bances in DKA without vomiting using the modified BE
method (10) and other methods to elucidate the mecha-
nisms underlying the acid-base disturbances in DKA. In
particular, we were interested in the pathogenesis of any
associated metabolic alkalosis.

Materials and Methods

Study design and patients
We retrospectively reviewed the records of patients admitted

to Matsunami General Hospital with a diagnosis of DKA or
suspected DKA between April 2005 and March 2015. All data
were obtained from standard clinical records, and we allowed
repeated admissions by the same patient to be recorded sepa-
rately. The institutional review board of our hospital approved
the study protocol.

We applied the following inclusion criteria: 1) blood glu-
cose � 250 mg/dL (13.9 mmol/L), and 2) serum �-hydroxybu-
tyrate (�OHB) � 1.0 mmol/L. We excluded any admissions with
a history of vomiting. Participants were classified into two
groups by serum �OHB: 1) the DKA group, with a �OHB � 3.0
mmol/L (12); and 2) the pre-DKA group, with a �OHB of 1.0–
2.9 mmol/L.

Procedure
Routine blood chemistry and arterial blood gas analysis were

assessed at admission. Blood glucose and glycated hemoglobin
(HbA1c) were measured by glucose oxidase and HPLC, respec-
tively. HbA1c was estimated according to the National Glyco-
hemoglobin Standardization Program (13). Serum sodium, po-
tassium, chloride, blood urea nitrogen (BUN), creatinine,
calcium, magnesium, inorganic phosphate (Pi), and albumin
were measured using an autoanalyzer (HITACHI 7180, Hitachi
Hitechnology Co, Ltd). Estimated glomerular filtration rate
(eGFR) was calculated from serum creatinine (14). Serum chlo-
ride was corrected by serum sodium (free water), using the equa-
tion, ClCorr � Cl � 142/Na. Serum ketones (�OHB and aceto-
acetate) and lactate (n � 27) were measured by enzymatic and
lactate oxidase methods (JCA-BMM 8000, Nihondensi Co,
Ltd), respectively. We also recorded the chloride/sodium (Cl/Na)
ratio. Serum electrolytes measured by blood gas analyzer were
not used (15).

For our calculations, we used the institutional reference val-
ues obtained from healthy adults (n � 3334) who visited our
health check center, Matsunami Health Checkup Center an-
nexed to Matsunami General Hospital (16). These were as fol-
lows (mean [SD]): serum sodium, 142 (1.8) mEq/L; serum po-
tassium, 4.1 (0.3) mEq/L; serum chloride, 104 (2.2) mEq/L;
Cl/Na ratio, 0.73 (0.01); and serum albumin, 44.0 (0.7) g/L.

Acid-base analysis
Arterial blood was analyzed using a Siemens Rapid Lab 348

(Siemens Co, Ltd), and BE was automatically calculated. AG was
calculated as [Na � (Cl � HCO3

�)] and the albumin-corrected
AG (AGCorr) as [AG � 0.25 � (44 � albumin (g/L)] (mEq/L) (7).
The institutional reference value for AG was 14 mEq/L (range,
12–16 mEq/L). To detect additional metabolic acid-base disor-

ders, we used the �-� method with the equation [(AG � 14) �
(24 � HCO3

�)] (8).
In the modified BE method (10, 11), the effects of changes in

sodium (BE free water [BEFW]), chloride (BE chloride [BECl]),
albumin (BEAlb), and unmeasured ion (BEXA) concentrations on
BE were calculated as follows:

BEFW(mEq/L) � 0.3 � (Na � 142)

BECl(mEq/L) � 104 � (Cl � 142/Na)

BEAlb(mEq/L) � 0.34 � [44 � albium (g/L)]

BEXA(mEq/L) � BE � BEFW � BECl � BEAlb

The negative and positive values of these parameters indi-
cated the presence of acidosis and alkalosis, respectively (10, 11).

Serum calcium, magnesium, and Pi necessary for calculations
in the Fencl-Stewart analysis (17) were obtained when possible
from the available laboratory data. Then, (Alb�) and (Pi�) were
calculated as (Alb�; mEq/L) � Alb (g/L) � (0.1213 � pH �
0.631), and as (Pi�; mEq/L) � [Pi] (mmol/L) � (0.309 � pH �
0.469), repectively (7, 17). Apparent and effective strong ion
differences (SIDApp, SIDEff), total concentration of weak acids
(ATOT), and total unidentified strong anions ([XA�]), which has
the same meaning as a strong ion gap (SIG) (strong anions other
than Cl�), were calculated using the method described by Fencl
et al (17) as follows:

SIDApp(mEq/L) � ([Na�] � [K�] � [Ca2�] � [Mg2�]) � [Cl�]

SIDEff(mEq/L) � [HCO3�] � [Alb�] � [Pi�]

ATOT(mEq/L) � [Alb�] � [Pi�]

[XA�] � SIG � SIDAPP � SIDEff

[XA�]corr � SIGcorr � [XA�] � Nanormal/Nameasured

� [XA�] � 142/Nameasured

Statistical analysis
For statistical analysis, SPSS version 14 (SPSS, Inc) was used

(K.Y.). Data are presented as means 	 SD. Test for normality for
the distribution was evaluated using Shapiro-Wilk test. The pres-
ent data were not distributed normally; thus, for comparison of
group values, we used the Mann-Whitney U test; for comparison
of paired data, we used Wilcoxon signed-rank test; and for cor-
relations between two factors, we used the Spearman correlation
analysis. Student t test was used for comparison with the insti-
tutional values. P � .05 was considered statistically significant.

Results

We identified 57 admissions among 50 patients, of which
12 admissions were excluded because of a history of vom-
iting. Therefore, 45 admissions of 40 patients without
vomiting (17 males and 23 females) were classified into
the DKA group (n � 34; �OHB, 3.0–19.5 mmol/L), and
the pre-DKA group (n � 11; �OHB, 1.4–2.9 mmol/L).
The clinical and laboratory data are summarized in Table
1. Laboratory data for serum calcium, magnesium, Pi, and
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lactate were obtained in 27 admissions (18 with DKA and
9 with pre-DKA).

Surmizing from the history, most of patients visited our
hospital within 48 hours after the subjective and objective
symptoms became severe. However, four patients showed
slight consciousness disturbance (Glasgow coma scale,
14). Furosemide, angiotensin receptor blocker (ARB), and
both drugs had been administered in two, one, and two
admissions in DKA group, respectively, and ARB and both
of ARB and furosemide had been administered in two and
one admissions in pre-DKA group, respectively. There
were no admissions with taking potassium supplements.
There was no significant difference of serum potassium,
pH, BECl, or blood pressure (BP) in DKA and pre-DKA
groups (Table 1). There were no significant differences of
serum potassium, chloride, Cl/Na ratio, and BECl between
the admissions with or without diuretics or ARB (data not
shown).

Clinical characteristics and basal laboratory data
Although serum sodium and chloride were not different

between the DKA and pre-DKA groups, the Cl/Na ratio

and ClCorr were significantly lower in the DKA group (Ta-
ble 1). Serum chloride and the Cl/Na ratio were signifi-
cantly lower in both groups when compared with our in-
stitutional reference values (P � .0001 and P � .001,
respectively; n � 34 and n � 11). The mean values of
serum potassium in both groups were significantly higher
than the institutional reference value (P � .0001). There
were significant correlation between serum potassium and
pH (r � �0.412; P � .005; n � 45).

Although there were no differences of admission serum
hemoglobin (Hb), BUN, or eGFR between DKA and pre-
DKA groups (Table 1), Hb and BUN significantly de-
creased, and eGFR significantly increased, respectively,
after treatment (14.4 	 2.0 vs 12.7 	 1.7 g/dL; 30.7 	
23.7 vs 12.4 	 5.9 mg/dL; 65.1 	 34.7 vs 94.3 	 30.7
mL/min, respectively; P � .0001; n � 45). On admission,
there were three and one admissions with eGFR less than
25.0 mL/min (18) in DKA and pre-DKA groups, respec-
tively. In contrast, admission systolic BP but not diastolic
BP was significantly higher than that after treatment
(125.1 	 21.0 vs 119.5 	 14.5 mm Hg, P � .013; and 71.3
	 31.113.4 vs 71.8 	 10.8 mm Hg, P � .775; n � 45).

According to the �-� method (8), simple metabolic ac-
idosis and mixed (metabolic acidosis and alkalosis) acid-
base disturbance existed in 21 (61.8%) and 13 (38.2%) of
the 34 admissions in the DKA group, respectively. In the
pre-DKA group, eight admissions (72.7%) had a normal
acid-base condition, and three (27.3%) had a simple met-
abolic acidosis.

Modified BE and the Fencl-Stewart methods
In the DKA and pre-DKA groups, the mean BEFW val-

ues were slightly negative, but there was no significant
effect for BEAlb (Table 2). In contrast, the mean BECl values
were positive in both groups, and the BECl value was sig-
nificantly higher in the DKA group than in the pre-DKA
group (5.7 vs 1.8 mEq/L; P � .005) (Table 2). Approxi-
mately 90% of admissions with DKA showed a positive
BECl (Figure 1), and the level was more than 2 mEq/L in 27
of 34 admissions (79.4%). There was no admission with
a BECl less than �2 mEq/L in the DKA group (Figure 1),
but one admission in the pre-DKA group showed a neg-
ative value. These results suggested the presence of hypo-
chloremic metabolic alkalosis in DKA.

BECl significantly correlated with the total ketone con-
centration (r � 0.66; P � .0001; n � 45) (y � 0.66x �
0.21) (Figure 1) or with the sum of serum total ketone and
lactate (r � 0.72; P � .0001; n � 27). As expected, BECl

negatively correlated with ClCorr (r � �0.98) and the
Cl/Na ratio (r � �0.96; P � .0001; n � 45). The Cl/Na
ratio also negatively correlated with the serum total ke-
tone concentration (r � �0.67; P � .0001; n � 45) and the

Table 1. Patients’ Demographic and Clinical Data

DKA Group
Pre-DKA
Group

P
Value

n 34 11
Sex, M/F 12/22 9/2
DM type, 1/2 21/13 4/7
Age, y 43.6 	 17.6 43.8 	 21.4 .990
SBP, mm Hg 123.1 	 20.4 131.1 	 22.5 .506
DBP, mm Hg 69.9 	 14.0 75.6 	 10.7 .194
Hb, g/dL 14.1 	 2.0 15.2 	 2.0 .066
Blood glucose,

mg/dL
703.9 	 301.2 557.2 	 290.8 .079

HbA1c, % 10.5 	 2.6 13.0 	 2.5 .080
Serum Na, mEq/L 135.5 	 9.9 135.6 	 6.5 .969
Serum K, mEq/L 4.8 	 0.9 4.6 	 0.5 .277
Serum Cl, mEq/L 93.8 	 8.2 97.6 	 5.6 .117
Serum Cl/Na ratio 0.69 	 0.03 0.72 	 0.02 .004
ClCorr, mEq/L 98.2 	 4.7 102.3 	 1.6 .005
BUN, mg/dL 33.9 	 26.2 20.7 	 7.8 .06
Cr, mg/dL 1.2 	 0.9 1.1 	 1.1 .045
eGFR, mL/min 57.9 	 29.6 87.4 	 41.2 .007
Serum albumin,

g/L
41.9 	 6.9 44.9 	 4.3 .168

�OHB, mmol/L 9.1 	 4.0 2.18 	 0.52 �.0001
Total ketone,

mmol/L
11.5 	 4.8 2.86 	 0.69 �.0001

Lactate, mmol/L 2.7 	 1.8
(n � 18)

1.4 	 0.6
(n � 9)

.027

Sum of total
ketone and
lactate,
mmol/L

12.9 	 5.1
(n � 18)

4.3 	 1.2
(n � 9)

�.0001

Abbreviations: Cr, creatinine; DBP, diastolic blood pressure; DM,
diabetes mellitus; SBP systolic blood pressure.

Values are presented as mean 	 SD.
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sum of serum total ketone and lactate (r � �0.70; P �
.0001; n � 27). However, plasma HCO3

� correlated pos-
itively with serum chloride (r � 0.41; P � .005; n � 45)
and Cl/Na (r � 0.37; P � .013; n � 45) and correlated
negatively with BECl (r � �0.38; P � .010; n � 45).

As shown in Table 2, the mean SIDEff and XACorr values
by the Fencl-Stewart method (17) were significantly lower
and higher, respectively, in the DKA (n � 19) than in the
pre-DKA group (n � 8). However, the SIDApp value was
significantly higher in the DKA group than in the pre-DKA
group, although the mean ATOT value was not different be-
tweengroups.TheXACorrcorrelatedstronglywiththeserum

total ketone, the sum of serum total ketone and lactic acid,
AGCorr, BE, and BEXA (r � 0.92–0.97; P � .0001; n � 27).

Discussion

Although vomiting is generally considered to be the cause of
metabolic alkalosis in DKA (2, 4–6), our study provides
evidence that it canoccurwithoutanyhistoryof vomiting. In
DKA, the coexistence of metabolic alkalosis was 38.2%
when estimated by the �-� method (5), and 27.6% when esti-
matedbythe�/�ratio(5,6,19)(datanotshown).Theseresults
suggest thatwemightneedtoquestionambiguousdiagnosesof
mixed acid-base disorders by traditional methods.

The presence of hypochloremic alkalosis in DKA could
not be indicated by either physiological or BE methods.
Although the Fencl-Stewart method shows the net effects
of strong ions (17), it could not demonstrate the presence
of hypochloremic alkalosis in DKA. The modified BE
method, however, was able to quantitatively define the
independent effects of sodium and chloride in DKA. That
is, BEFW values were slightly negative in both groups,
showing excess free water and modest additive effects on
ketoacidosis (Table 2). Because there was a significant dif-
ference in blood ketone concentrations between the
groups, it is possible that factor(s) such as hyperglycemia
participated in the observed free water excess.

The presence of chloride deficits and hypochloremic
alkalosis in DKA without vomiting was demonstrated us-
ing the BECl of the modified BE method in our study. The
mean BECl value was positive and significantly higher in
DKA than in pre-DKA states (Table 2). BECl values � 2
mEq/L were observed in 79.4% of patients with DKA,
suggesting hypochloremic alkalosis due to chloride deficit
(10, 11), and consistent with the low Cl/Na ratio and
ClCorr values (Table 2). The alkalinizing effect of hypo-
chloremia was substantial, effectively mitigating the base
deficits in DKA by approximately 25% (Table 2). Fur-
thermore, BECl tightly correlated with the total ketone
concentration (Figure 1). That is, as hyperketonemia is
more severe, the chloride deficit and hypochloremic alka-
losis became greater. These results suggest the frequent
coexistence of acidosis-induced hypochloremic alkalosis
with DKA, and also the important roles of ketoacids in its
pathogenesis. The strong correlations (P � .0001; n � 27)
of BECl with SIG (r � 0.70) and sodium-corrected SIG (r �

0.75) support this conclusion.
The association of hypochloremia in AG acidosis has

been reported in both nephrectomized uremic rats and
heminephrectomized rats with H2SO4 or D,L-lactate in-
fusion (20). This has also been reported in critically ill
neonates and infants (21, 22), as well as DKA in adults

Figure 1. Relationship between serum total ketones and BECl. There
was a significant positive correlation between serum total ketone
concentration and BECl. Closed and open circles show the DKA group
and pre-DKA groups, respectively.

Table 2. Arterial Blood Gas Data

Gas DKA Group Pre-DKA Group P Value

pH 7.225 	 0.167 7.398 	 0.032 �.0001
pCO2, mEq/L 20.9 	 11.2 38.0 	 5.2 �.0001
HCO3

�, mEq/L 10.3 	 7.1 23.1 	 2.8 �.0001
BE, mEq/L �15.5 	 9.3 �0.9 	 2.6 �.0001
AG, mEq/L 31.4 	 8.5 14.8 	 3.8 �.0001
Corrected AG,

mEq/L
31.9 	 8.2 14.5 	 4.7 �.0001

BEFW, mEq/L �2.0 	 3.0 �1.9 	 1.9 .990
BEAlb, mEq/L 0.7 	 2.3 �0.3 	 1.5 .161
BECl, mEq/L 5.7 	 4.7 1.8 	 1.5 .005
BEXA, mEq/L �20.1 	 10.5 �0.4 	 5.1 �.0001
ATOT, mEq/L 13.9 	 0.4

(n � 19)
15.1 	 0.3

(n � 8)
.075

SIDApp, mEq/L 52.9 	 4.1
(n � 19)

48.9 	 4.1
(n � 8)

.016

SIDEff, mEq/L 26.3 	 6.9
(n � 19)

38.3 	 3.5
(n � 8)

�.0001

XACorr, mEq/L 28.5 	 9.8
(n � 19)

11.0 	 4.8
(n � 8)

.013

Values are presented as mean 	 SD.
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(23). In these human studies, the Cl/Na ratio was used to
detect hypochloremia, serum ketone levels were not mea-
sured, and it is unknown whether the participants had
vomiting. However, significant inverse relationship was
observed between the Cl/Na ratio and SIG (21–23).

The mechanism of acidosis-induced hypochloremic al-
kalosis remains unclear. Based on the occurrence of aci-
dosis-induced hypochloremia in nephrectomized and vol-
ume-controlled uremic rats, Madias et al (20) concluded
that there was no reduction in Cl stores. Instead, they
suggested the possibility that an internal ion shift oc-
curred, either of chloride of the extracellular space or of
sodium and water into the extracellular fluid. In the pres-
ent study, the positive BECl might have occurred because
of a chloride shift from plasma to erythrocytes or inter-
stitial fluids, despite low bicarbonate state, and the neg-
ative BEFW might have followed an internal shift of free
water (24, 25). Thus, our results support the argument
proposed by Madias et al (20), and it is likely that these
responses might be secondary to ketoacidosis, rather than
being compensatory or adaptive (25).

An inverse relationship has been noted between the
concentrations of plasma bicarbonate and plasma chlo-
ride in many clinical situations (20, 26, 27). Based on this,
the chloride ion has been treated as a passive participant
that simply replaces the lost negative charge of the outward-
movingbicarbonate.However, thisrelationshiphasnotbeen
proven in the context of increased unmeasured anions. In the
present study, serum chloride was positively correlated with
plasma bicarbonate, which is consistent with the negative
correlation between BECl and plasma bicarbonate. This may
suggest an important role of the ingoing chloride ion in the
acid-base balance of the blood (24, 27, 28).

The ClCorr, Cl/Na ratio, and BECl, all of which closely
correlate with each other (r � 0.97–0.99), can be used as
parameters for hypochloremia. The Cl/Na ratio shows the
relative relationship between sodium and chloride,
whereas, the BECl can estimate the quantitative and inde-
pendent effects of chloride ions on acid-base disturbances.
Therefore, we quantitatively proved the coexistence of hy-
pochloremic alkalosis in DKA, and that serum ketones
contributed directly to its pathogenesis. Durward et al (21)
proposed the usefulness of the Cl/Na ratio for detecting
hypochloremia, and also prospected the possibility that
“hypochloremic acidosis” could be associated with in-
creased ummeasured anions, such as ketoacids. Both the
BECl and Cl/Na ratio might be influenced by the different
measured chlorides values (29, 30). However, if the SID
(Na � K � Cl) is in the range of 35–45 mEq/L, the range of
BEFW is small (11). Therefore, each parameter by the mod-
ified BE method can be simply calculated from the reference
values for serum sodium and chloride, and comparable with

thoseofother institutions.Theserepresentapractical tool for
analyzing acid-base and electrolyte disorders.

We showed that AGCorr, BEXA, and SIG correlated with
each other (r � 0.97–0.99; P � .0001) and with serum total
ketone (r � 0.90–0.93; P � .0001). Therefore, these could
be used as a surrogate of circulating ketoacids. In clinical
practice, the BEXA could substitute for the other parameters.

In contrast, several factors including prior hypercap-
nea, volume contraction, potassium deficiency, chloru-
retic diuretics, persistent mineralocorticoid excess, etc.,
are responsible for the generation and maintenance of
metabolic alkalosis (31–33). In the present study, only two
patients with pneumonia showed pCO2 greater than 44
mm Hg (45.5 and 46.4 mm Hg, respectively), and hy-
pocapnea was observed in most of DKA admissions (Table
2). And significant effects of diuretics or ARB were not
observed. However, volume contraction with decreased
renal function due to dehydration was present on admis-
sion, as suggested by the increased mean values of BUN
and Hb and decreased eGFR (Table 1). Admission eGFR
was significantly and inversely correlated with total ke-
tone concentration (r � �0.633; P � .0001; n � 45). It
was consistent with the previous study that the initial renal
function seemed to be responsible for the retention of
plasma ketones (1). And thus, it seems possible that de-
creased eGFR might affect on acid-base disorders second-
arily through hyperketonemia. Such dehydration must un-
doubtedly induce renin-angiotensin-aldosterone system
activation, and it may participate in the higher admission
systolic BP compared with those after treatment. How-
ever, there were no significant correlations between BECl

and BUN, Hb, serum potassium, or plasma glucose (data
not shown). Although these results did not suggest the
direct participation of these factors in the generation and
maintenance of acidosis-induced hypochloremic alkalo-
sis, further basic and clinical studies including balance
study should be needed for the elucidation of mechanism
of acidosis-induced hypochloremic alkalosis.

Finally, the modified BE method could provide useful
information for fluid therapy in DKA, when large volumes
of saline are generally needed. Although repletion of so-
dium and chloride is reasonable, there is the possibility
that hyperchloremic acidosis can occur (31, 34). Thus, the
ability to quantitatively estimate the extracellular fluid
volume and the magnitude of the deficit/excess of these
important ions is needed (19). In this situation, the BEFW

and BECl values may allow simple and effective means of
monitoring free water excess/deficit and hyperchloremic
acidosis, respectively. That is, negative BECl suggests chlo-
ride excess, and thus, it would be the sign for alteration of
replacement fluid from normal saline to balance crystal-
loid solution. However, we could not clarify the altera-
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tions of these parameters during treatment as the present
studyhad the limitation that thiswasa retrospective study.
Further prospective studies are needed to assess the appli-
cation of the modified BE method.

In summary, using the modified BE method rather than
conventional physiological acid-base analyses, we showed
that approximately 80% of DKA cases without vomiting
developed acidosis-induced hypochloremic alkalosis.
Moreover, the modified BE method was able to detect the
independent effects of serum sodium and chloride on acid-
base disturbances. Therefore, subject to prospective study,
we recommend this simple and useful tool for acid-base
analysis in clinical practice.
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