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Abstract

In this retrospective study, we report the clinical
and biochemical features of diabetic ketoacidosis
{DKA) in adult patients who were managed at the
Instituto Nacional de la Nutricién during a 6.5 year
period. There were 98 episodes in 46 patients: 22
females (48%) and 24 males (52%). Six patients
{13%) had four or more episodes of DKA. Thirty
five percent of the events occurred in patients with
IDDM; 48% in “late onset” NIDDM: 9% in “early
onset” and 9% in classical NIDDM. Infections as the
precipitating factorin 41 % of episodes of DKA were
the initial manifestation of diabetes. We compared
our results with those from other reported series,

finding no differences among them. The mean anion
gap in our series was 30.4. Main complications
identilied were hypokalemia in five cases,
hypoglycemia in four cases, hypernatremia in four
cases, and acute pulmonary edema, ventricular
fibrillation, neurological deficit and coma in one
case each. There were three deaths (6.5%) in the
whole group. To our knowledge, this is the largest
scries on adult patients with DKA reported in our
country in the last decade. The obtained results may
help evaluate prospectively the impact of different
diagnostic and therapeutic strategies in the
management of DKA, (Arch Med Res 1996; 27:177)

KEY WORDS: Diabetic ketoacidosis; Epidemiology in adults; Infections; Serum electrolytes.

Introduction

One of the most severe acute metabolic complications
of diabetes mellitus (DM} is diabetic ketoacidosis (DKA),
which is the clinical and biochemical manifestation of
almost absolute insulin deficiency. This lack of insulin
produces hyperglycemia, hyperketonemia, metabolic
acidosis, electrolyte depletion, dehydration and
derangements in mental status (1). Although it is a
complication typically associated withinsulin-dependent
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diabetes mellitus (IDIDM}, it may also be present in non-
insulin-depcndent diabetes mellitus (NIDDM).

There is little information about the epidemiologic,
clinical and biochemical features of patients with DKA
in our country (1-4). Knowing the incidence of DKA in
medical emergency units, the age group most frequently
affected, precipitating factors, clinical characteristics at
presentation, laboratory abnormalities, and the mortality
of this group of patients is of great importance. This
information can be used to design prospective strategies
in the prevention, e.g., education or treatment, c.g.,
different modalities of managment which could modify
the morbidity and mortality of this preventable acute
complication of diabetes.

The purpose of this study was to investigate the clinical
and laboratory features of the patients with DKA treated
at the emergency room of the Instituto Nacional de la
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Abstract
In this retrospective study, we report the clinical

and biochemical features of diabetic ketoacidosis
(DKA) in adult patients who were managed at the
Instituto Nacional de la Nutricién during a 6.5 year
period. There were 98 episodes in 46 patients: 22
females (48%) and 24 males (52%). Six patients
{13%) had four or more episodes of DKA. Thirty
live percent of the events occurred in patients with
IDDM; 48% in “late onset” NIDDM: 9% in “early
onset’ and 9% in classical NIDDM. Infections as the
precipitating factor in 41 % of episodes of DKA were
the initial manifestation of diabetes. We compared
our results with those from other reported series,

finding no differences among them, The mean anion
gap in our series was 30.4. Main complications
identified were hypokalemia in five cascs,
hypoglycemia in four cases, hypernatremia in four
cases, and acute pulmonary edema, ventricular
fibrillation, neurological deflicit and coma in one
case each. There were three deaths (6.5%) in the
whole group. To our knowledge, this is the largest
series on adult patients with DKA reported in our
country in the last decade. The obtained results may
help evaluate prospectively the impact of different
diagnostic and therapeutic strategies in the
management of DKA. (Arch Med Res 1996; 27:177)
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Introduction

One of the most scvere acute metabolic complications
of diabetes mellitus (DM} is diabetic ketoacidosis (DK A),
which is the clinical and biochemical manifestation of
almost absolute insulin deficiency. This lack of insulin
produces hyperglycemia, hyperketonemia, metabolic
acidosis, clectrolyte depletion, dehydration and
derangements in mental status (I). Although it is a
complicationtypically associated with insulin-dependent
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diabetes mellitus (IDDM}, it may also be present in non-
insulin-depcndent diabetes mellitus (NTDDM).

There is little information about the epidemiologic,
clinical and biochemical features of paticnts with DKA
in our country (1-4), Knowing the incidence of DKA in
medical cmergency units, the age group most frequently
affected, precipitating factors, clinical characteristics at
presentation, laboratory abnormalities, and the mortality
of this group of paticnts is of great importance. This
information can be used to design prospective strategies
in the prevention, e.g., cducation or treatment, e.g.,
different modalitics of managment which could modify
the morbidity and mortality of this preventable acute
complication of diabetes.

The purpose of this study was to investigate the clinical
and laboratory features of the patients with DK A treated
at the emergency room of the Instituto Nacional de la
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Abstract

In this retrospective study, we report the clinical
and biochemical leatures of diabetic ketoacidosis
(DKA) in adult patients who were managed at the
Instituto Nacional de la Nutricién during a 6.5 year
period. There were 98 episodes in 46 patients: 22
females (48%) and 24 males (52%). Six patients
(13%}) had four or more episodes of DKA. Thirty
five percent of the events occorred in patients with
IDDM; 48% in “late onset” NIDDM: 9% in “‘early
onset” and 9% in classical NIDDM. Infections as the
precipitating factor in 41 % of episodes of DKA were
the initial manifestation of diabetes. We compared
our results with those from other reported series,

finding no dilferences among them. The mean anion
gap in our series was 30.4. Main complications
identified were hypokalemia in five cases,
hypoglycemia in four cases, hypernatremia in four
cases, and acute pulmonary edema, ventricular
fibrillation, neurological deficit and coma in one
case each. There were three deaths (6.5%) in the
whole group. To our knowledge, this is the largest
serics on adult patients with DKA reported in our
country in the last decade, The obtained results may
help evaluate prospectively the impact of different
diagnostic and therapeutic strategies in the
management of DKA. (Arch Med Res 1996; 27:177)
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Introduction

One of the most severe acute metabolic complications
of diabetes mellitus (DM) is diabetic ketoacidosis (DK A),
which is the clinical and biochemical manifestation of
almost absolute insulin deficiency. This lack of insulin
produces hyperglycemia, hyperketonemia, metabolic
acidosis, electrolyte depletion, dehydration and
derangements in mental status (1). Although it is a
complicationtypically associated with insulin-dependent
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diabetes mellitus (1IDDM), it may also be present in non-
insulin-dependent diabetcs mellitus (NIDDM).

There is little information about the epidemiologic,
clinical and biochemical leatures of patients with DKA
in our country (1-4). Knowing the incidence of DKA in
medical cmergency units, the age group most frequently
affected, precipitating factors, clinical characteristics at
prescntation, laboratory abnormalities, and the mortality
of this group of patients is of great importance. This
information can be used to design prospective strategics
in the prevention, e.g., education or treatment, ¢.g.,
different modalitics of managment which could modify
the morbidity and mortality of this preventable acute
complication of diabetes.

The purposc of this study was to investigate the clinical
and laboratory features of the patients with DK A treated
at the emergency room of the Instituto Nacional de la
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Nutricién “Salvador Zubirdn” (INNSZ) during the last
6.5 ycars, through retrospective analysis of their medical
rceords.

Patients and Methods

We reviewed the medical records of patients 15 years
old and older with DKA admitted to the emergency room
of the Instituto Nacional de la Nutricién Salvador Zubirdn
from January 1987 to Junc 1993. The diagnosis of DKA
was based on the following: ) glycemia over 300 mg/dl;
b) HCO, <15 mEq/1; c) blood pH <7.3 and kctonuria
greater than +++. The following information was also
obtained: age, sex, body mass index (BMI), type of DM,
age at onset and duration of discase. Paticnis were
classified into four groups according to the age at onset
and type of trcatment.

a) IDDM: patients whose age at onsct was 20 years or
less and who required insulin for their treatment.

b} Late onset IDDM: the diseasc appearcd between 20
and 40 years and who required insutin after secondary
patients in whom failure to hypoglycemic agents
occurred.

¢) Early onset NIDDM: paticnts diagnosed as diabelics
beiween 20 and 40 years who were effectively
treated with oral hypogiycemic agents.

GOMEZ, RIVERA, RAMOS, REZA, GOMEZ-PEREZ, RULL

d) NIDDM: patients diagnosed after age 40 and treated
adcquately with oral hypoglycemic agents.

Other data obtained for analysis were precipitating
factors, number of episedes per patient, hospital stay
duration, ncurologic status on admission, complications
of management, and mortality.

The following laboratory results were also obtained:
serum glucose, sodinm potassium, chloride, BUN,
creatinine, osmolarity, anion gap and arterial gases. The
AGap/AHCO, quoticnt (AGap = calculated anion gap
(mEqg/M-12; AHCO, = 24 mEq/l-measurcd HCO,) was
used to determine the type of acidosis in those patients in
whom that information was available.

Results

Ninety cight episodes of DKA were registered in 46
paticnts during the study period. Twenty two patients
(48%) were female and 24 (52%) were male. Six patients
(13%) had four or more episodes of DKA. The mean age
of the group was 35.3 £ 13.8 years (range 18 - 78) and the
mean age at which diabetes was diagnosed was 27.7 +
13.8 years. Mean weight was 56.4 = 16.06 kg (range 33
- 123) and BMI 18.8 = 3.84. The mean duration of the
diseasc was 9.6 + 7.25 years.

Table 1
Clinical Characteristics by Age Group and Type of Diabetes

1 (%) FiM Age (X) Insulin (%) Hypoglycemic agent (%)
IDDM 16 (34.8) 11/15 16 100 0
Late onset IDDM 22 (47.8) 15 29 86.3 13.6
Early onset NIDDM 4 (8.7 212 36 0 100
NIDDM ' 487 mw - 52 - 0 . 100

Note: IDDM = <20 years; late onset IDDM = 20-40 years; early onset NIDDM = 20-40 years; NIDDM = >40 years.

Table 2
Mean Laboratory Values on Admission

Kitabchi (n=123)

Foster {n=88) INNSZ (n=08)

Glucose (mg/dl) 606
Na (mEg/1) 135
K (mEg/) 5.7
HCO, (mEg/1) 6.3
BUN (mg/dl) 29
mOsm 316
pH 7.11

476 439
132 138
48 4.4
1.0 5.6
25 41

310 311
_ 7.22
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Abstract

In this retrospective study, we report the clinical
and biochemical Teatures of diabetic ketoacidosis
(DKA)} in adult patients who were managed at the
Instituto Nacional de la Nutricién during a 6.5 year
period, There were 98 episodes in 46 patients: 22
females (48%) and 24 males (52%). Six patients
(13%) had four or more episodes of DKA. Thirty
five percent of the events occurred in patients with
IDDM; 48% in “late onset” NIDDM: 9% in “early
onset” and 9% in classical NIDDM, Infections as the
precipitating factor in 41 % of episodes of DKA were
the initial manifestation of diabetes. We compared
our resulls with those from other reported series,

finding no differences among them. The mean anion
gap in our series was 30.4. Main complications
identified were hypokalemia in five cases,
hypoglycemia in four cases, hypernatremia in four
cases, and acute pulmonary edema, ventricular
fibrillation, neurological deficit and coma in one
case each. There were three deaths (6.5%) in the
whole group. To our knowledge, this is the largest
series on adult patients with DKA reported in our
country in the last decade. The obtained results may
help evaluate prospectively the impact of different
diagnostic and therapeutic strategies in the
management of DKA. (Arch Med Res 19965 27:177)

KEY WORDS: Diabetic ketoacidosis; Epidemiology in adults; Intections; Serum electrolytes.

Introduction

One of the most severe acute metabolic complications
of diabetes mellitus (DM} is diabetic ketoacidosis (DKA),
which is the clinical and biochemical manifestation of
almost absolute insulin deficiency. This lack of insulin
produces hyperglycemia, hyperketonemia, metabolic
acidosis, clectrolyte depletion, dehydration and
derangements in mental status (1). Although it is a
complication typically associated with insulin-dependent
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dinbetes mellitus (IDDM), it may also be present in non-
insulin-dependent diabetes mellitus (NIDDM),

There is little information about the epidemiologic,
clinical and biechemical features of patients with DKA
in our country (1-4). Knowing the incidence of DKA in
medical emergency units, the age group most frequently
affected, precipitating factors, clinical characteristics at
presentation, laboratory abnormalities, and the mortality
of this group of paticnis is of great importance. This
information can be used to design prospective strategics
in the prevention, e.g., education or treatment, c.g.,
different modalities of managment which could modify
the morbidity and mortality of this preventable acute
complication of diabetes.

The purpose of this study wasto investigate the clinical
and laboratory features of the patients with DKA treated
at the emergency room of the Instituto Nacional de la
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Nutricién “Salvador Zubirdan” (INNSZ) during the last
6.5 ycars, through retrospective analysis of their medical
rccords.

Patients and Methods

We reviewed the medical records of patients 15 ycars
old and older with DKA admitted to the emergency room
of the Instituto Nacional de laNutricién Salvador Zubirin
from January 1987 to June 1993. The diagnosis of DKA
was based on the following: a) glycemia over 360 mg/dl;
b} HCO, <15 mEq/l; ¢) blood pH <7.3 and ketonuria
greater than +++. The following information was also
obtained: age, sex, body mass index (BMI), type of DM,
age at onsct and duration of discase. Patients were
classified into four groups according to the age at onsct
and type of treatment.

a) IDDM: patients whosc age at onset was 20 years or
less and who required insulin for their treatment.

b) Late onsct IDDM: the diseasc appearcd between 20
and 40 years and who required insulin afler secondary
patients in whom failure to hypoglycemic agents
occurred.

¢) Early onset NIDDM: patients diagnosed as diabetics
between 20 and 40 years who were effectively
treated with oral hypoglycemic agents.

GOMEZ, RIVERA, RAMOS, REZA, GOMEZ-PEREZ, RULL

d) NIDDM: patients diagnosed after age 40 and treated
adequately with oral hypoglycemic agents.

Other data obtained for analysis were precipitating
factors, number of cpisodes per patient, hospital stay
duration, neurologic status on admission, complications
of management, and mortality.

The following laboratory results were also obtained:
scrum glucose, sodium potassium, chloride, BUN,
creatinine, osmolarity, anion gap and arterial gases. The
AGap/AHCO, quoticnt (AGap = calculated anion gap
(mEqg/D)-12; AHCO, = 24 mEq/l-measured HCO,) was
uscd to determine the type of acidosis in those patients in
whom that information was available.

Results

Ninety cight episodes of DKA were registered in 46
patients during the study period. Twenty two patients
(48%) were female and 24 (52%) were male. Six patients
(13%) had four or more episodes of DKA. The mean age
ofthe group was 35.3 £ 13.8 years (range 18- 78) and the
mean age at which diabetes was diagnosed was 27.7 +
13.8 years. Mean weight was 56.4 + 16.06 kg (range 33
- 123) and BMI 18.8 + 3.84. The mecan duration of the
discasc was 9.6 + 7.25 ycears.

Table 1
Clinical Characteristics by Age Group and Type of Diabetes

Hypoglycemic agent (%)

1 (%) F/M Age (X) Insulin (%)
IDDM 16 (34.8) 11/15 16 100 o 0
Late onset IDDM 22 (47.8) 7115 29 86.3 13.6
Early onset NIDDM 487 212 36 0 100
NIDDM - - 4(8.7) - 212 52 - 0 - - 100

Note: IDDM = <20 years; late onset IDDM = 20-40 years; early onset NIDDM = 20-40 years; NIDDM = >40 years.

Table 2
Mean Laboratory Values on Admission

Kitabchi (n=123)

Foster (n=88) INNSZ (n=98)

Glucose {mg/dl) 606
Na (mEg/1) 135
K (mEq/l) 5.7
HCO, (mEg/l) 6.3
BUN (mg/dl} 29
mQOsm 316

pH 7.11

476 439
132 138
48 4.4
1.0 5.6
25 41

310 311
- 1.22
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Nutricidn “Salvador Zubirdn” (INNSZ) during the last
6.5 years, through retrospective analysis of their medical
records.

Patients and Methods

We reviewed the medical records of patients 15 ycars
old and older with DK A admitted tothe emergency room
of the Instituto Nacional de la Nutricién Salvador Zubirin
from January 1987 to June 1993. The diagnosis of DKA
was based on the following: a) glycemia over 300 mg/dl;
b) HCO, <15 mEq/l; c) blood pH <7.3 and Kketonuria
greater than +++. The following information was also
obtained: age, sex, body mass index (BMI), type of DM,
age at onset and duration of disease. Patients were
classified into four groups according to the age at onsct
and type of treatment.

a) IDDM: patients whose age at onset was 20 years or
less and who required insulin for their treatment.

b} Late onset IDDM: the diseasc appeared between 20
and 40 years and who required insulin after secondary
patients in whom failure to hypoglycemic agents
occurred.

¢) Earlyonsct NIDDM: patients diagnosed as diabetics
between 20 and 40 years who were ellectively
treated with oral hypoglycemic agents.

GOMEZ, RIVERA, RAMOS, REZA, GOMEZ-PEREZ, RULL

d) NIDDM: patients diagnosed after age 40 and treated
adequately with oral hypoglycemic agents,

Other data obtained for analysis were precipitating
factors, number of cpisodes per patient, hospital stay
duration, neurologic status on admission, complications
of management, and mortality.

The following laboratory results were also obtained:
serum glucose, sodium potassium, chloride, BUN,
creatinine, osmolarity, anion gap and arterial gases, The
AGap/AHCO, quotient (AGap = calculated anion gap
(mEg/1)-12; AHCO, = 24 mEqg/l-mecasurcd HCO;) was
used to determine the type of acidosis in those patients in
whom that information was available.

Results

Ninety eight episodes of DKA were registered in 46
patients during the study period. Twenty two paticnts
{48%) were femalc and 24 (52%) were male. Six patients
{13%) had four or more cpisodes of DKA. The mean age
of the group was 35.3 + 13.8 ycars (range 18- 78) and the
mean age at which diabetes was diagnoscd was 27.7 x
13.8 years. Mean weight was 56.4  16.06 kg (range 33
- 123) and BMI 18.8 = 3.84, The mean duration of the
discase was 9.6 + 7.25 ycars.

Table 1
Clinical Characteristics by Age Group and Type of Diabetes

0 (%) F/M
IljDM ) 16 (.;4.8) 11715
Late onset IDDM 22 (47.8) 715
Early onset NIDDM 4.7 212
NIBPDM-— - — —— 4087 ——— — —2/2-— -

Age (X) Insulin (%) Hypoglycemic agent (%)
16 100 ¢ B
29 86.3 13.6
36 0 100
- -5 0 — 1 — - -

Note: IDDM = <20 years; late onset IDDM = 20-40 years; early onset NIDDM = 20-40 years; NIDDM = >40 years.

Table 2
Mean Laboratory Values on Admission

Kitabchi (n=123)

Foster (n=88) INNSZ (n=98)

Glucose (mg/dl} 606
Na (mEg/l) 135
K (mEg/} 5.7
HCO,; (mEg/l) 6.3
BUN (mg/dl} 29
mOsm 316
pH 7.11

476 439
132 138
4.8 4.4
1.0 5.6
25 41

310 311
— 7.22

Fa NS

Y MY il mmem cr v el O

" I W EH E N ENEEE NN N NN BN N NN M N N NN B N B N N NN )



178

Nutricién “Salvador Zubirin” (INNSZ) during the last
6.5 years, through retrospective analysis of their medical
records.

Patients and Methods

We reviewed the medical records of patients 15 years
old and older with DKA admitted to the emergency room
of the Instituto Nacional de la Nutricién Salvador Zubirdn
from January 1987 to June 1993, The diagnosis of DKA
was based on the following: a) glycemia over 300 mg/dl;
b) HCO, <15 mEq/l; ¢) blood pH <7.3 and ketonuria
greater than +++. The following information was also
obtained: age, sex, body mass index (BMI}, type of DM,
age at onset and duration of disease. Paticnts were
classified into four groups according to the age at onset
and type of treatment.

a) 1DDM: patients whose age at onsct was 20 ycars or
less and who required insulin for their treatment.

b} Late onset IDDM: the discase appeared between 20
and 40 years and who required insulin after secondary
paticits in whom failure 10 hypoglycemic agents
occurred.

¢) Earlyonset NIDDM: patients diagnosed as diubetics
beiween 20 and 40 years who were effectively
treated with oral hypoglycemic agents.
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d) NIDDM: patients diagnosed after age 40 and treated
adcquately with oral hypoglycemic agents.

Other data obtained for analysis were precipitating
factors, number of episodcs per patient, hospital stay
duration, neurologie status on admission, complications
of management, and mortality.

The following laboratory results were also obtained:
serum glucose, sodium potassium, chloride, BUN,
creatinine, osmolarity, anion gap and arterial gases. The
AGap/AHCO, quotient (AGap = calculated anion gap
(mEqg/M)-12; AHCO, = 24 mEqg/l-mcasured HCO,) was
used to determine the type of acidosis in those patients in
whom that information was available.

Results

Ninety cight episodcs of DKA were registered in 46
paticnts during the study period. Twenty two patients
{48%) were female and 24 (52%) were male. Six patients
(13%) had four or more cpisodes of DKA. The mean age
of the group was 35.3 £ 13.8 years (runge 18 - 78) and the
mean age at which diabetes was dingnosed was 27.7
13.8 years. Mecan weight was 56.4 = 16.06 kg (range 33
- 123) and BMI 18.8 + 3.84. The mean duration of the
discasc was 9.6 £ 7.25 years.

Table 1
Clinical Characteristics by Age Group and Type of Diabeles

Hypoglycemic agent (%)

n (%) E/M Age (X) Insulin (%)
IDDM 16 (34.8) 11/15 16 100 7 0
Late onset IDDM 22 (47.8) 15 29 86.3 13.6
Early onset NIDDM 4(8.7) 212 36 0 100
NIDDM a8y T T wm 52 0 ~ 100

Note: IDDM = <20 years; late onset IDDM = 20-40 years; eérly onset NIDDM = 20-40 years; NIDDM = >40 years.

Table 2
Mean Laboratory Values on Admission

Kitabehi (n=123)

Foster (n=88) INNSZ (n=98)

Glucose (mg/dl) 606
Na (mEg/) 135
K (mEq/l) 5.7
HCO, (mEg/1) 6.3
BUN (mg/dl) 29
mOsm 316
pH 7.11

476 439
132 138
4.8 4.4
1.0 5.6
25 41
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Nutricién “Salvador Zubirdn” (INNSZ) during the last
6.5 years, through retrospective analysis of their medical
records.

Patients and Mcthods

We reviewed the medical records of patients 15 years
old and oldcr with DK A admitted to the emergency room
of the Instituto Nacional de 1a Nutricién Salvador Zubirén
from January 1987 to Junc 1993. The diagnosis of DKA
was bascd on the following: a) glycemia over 300 mg/dl;
b} HCO, <15 mEq/l; ¢) blood pH <7.3 and ketonuria
greater than +++. The following information was also
obtained: age, sex, body mass index (BMI), type of DM,
age at onset and duration of disease. Paticnls were
classified into four groups according to the age at onset
and type of trcatment.

a) 1DDM: paticnts whose age at onset was 20 ycars or
less and who required insulin for their treatment.

b) Late onset IDDM: the diseuase appeared between 20
and 40 years and who required insulin after secondary
patients in whom failure to hypoglycemic agents
occurred.

¢) Early onset NIDDM: paticnts diagnosed as diabetics
between 20 and 40 ycars who were effectively

ireated with oral hypoglycemic agenls.
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d) NIDDM: paticnts diagnosed after age 40 and treated
adequately with oral hypoglycemic agents,

Other data obtained for analysis were precipitating
factors, number of episodes per paticnt, hospital stay
duration, ncurologic status on admission, complications
of management, and mortality.

The following laboratory results were also oblained:
serum glucose, sodium potassium, chloride, BUN,
creatinine, osmolarity, anion gap and arterial gases. The
AGap/AHCO, quoticnt (AGap = calculated anion gap
(mEq/)-12; AHCO, = 24 mEq/l-measured HCO,) was
used to determine the type of acidosis in those patients in
whom that information was available.

Results

Ninety cight episodes of DKA were registered in 46
patients during the study period. Twenty two patients
{48%) were femaleand 24 (52%) were male. Six patients
(13%]) had four or more cpisodes of DKA. The mean age
ofthe group was 35.3 + 13.8 years (range 18 - 78) and the
mean age at which diabetes was diagnosed was 27.7 +
13.8 years. Mean weight was 56.4 = 16.06 kg (range 33
- 123) and BMIi 18.8 = 3.84. The mean dutation of the
disense was 9.6 + 7.25 years.

Table 1
Clinical Characteristics by Age Group and Type of Diabetes

n (%) F/Mi Age (X) Insulin (%) Hypoglycemic agent (%)
15DM 16 (34.8) 115 16 100 0
Late onset IDDM 22 (47.8) 15 29 86.3 13.6
Early onsct NIDDM 4(8.7) 272 36 0 100
NIDDM S4BT ' 22 52 0 100 -

Note: IDDM = <20 years; late onset IDDM = 20-40 years; early onset NIDDM = 20-40 years; NIDDM = >40 years.

Tahle 2
Mean Laboratory Values on Admission

Kitabchi {n=123}

Foster (n=88) INNSZ (n=98)

Giucose (mg/dl) 606
Na (mEqg/l) 135
K {mEqg/M) 57
HCO, (mEg/1) 6.3
BUN (mg/dl} 29
mOsm 316
pH 7.11

476 439
132 138
4.8 4.4
1.0 5.6
25 41

3i0 i
—_ 7.22
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DIABETIC KETOACIDOSIS IN ADULTS

Table 3
Acid-Base Disturbances on Admission
Hyperchloremic Mixed  Normochloremic
acidosis acidosis acidosis
AGap/AHCO, <04 % 04-08% >0.8 %
Adrogue 11 43 46
INNSZ 8 25 67

*AGap = calculated anion gap (mEg/l) - 12; AHCO, = 24 mEq/| -
measured HCO,.

Table 1 shows the distribution of the episodes of DKA
according to the age at onset and type of trcatment
described previously. Recurrent DK A was more common
in the groups of late onset IDDM (7/22 patients) and
carly onsct NIDDM (1/4 paticnts) - average age range 20
- 40 years old - 8 of the 26 patients had three or more
episodes.

Precipitating factors were as follows: 40 episodes of
DKA (41%) werc precipitated by an infection, the urinary
tract being the most common site. Of the 19 patients with
urinary infections (47.5% of all infected patients); 6 had
pyeloncephritis, 12 had urinary tract infections (UTI),
and one had a renal abscess. Eight patients (20% of all
infections) had respiratory infections, upper respiratory
tract in four and pneumonia in the other four. Seven
patients had soft tissue infections (17.5% of all infcctions),
two had a dental abscess, and the other four patients had
enterocolitis, parotiditis or sepsis. In most cases there
wus no bacteriologic reports or they were negative
because antimicrobial treatment had already been started.
E. coli was the most common microorganism isolated in
urinary tract infections.

Although currcntly accepted antimicrobial therapy
puides arc usually followed in our setting, specific drugs
are not registered in many cases of infection precipitated
DKA. Twenty nine episodes of DKA (30%) were
precipitated by omission of insulin administration and
nine more (9%) by dietary transgressions. DKA was the
initial manifestation of diabetes in seven patients. Other
precipitating causes like pancreatitis, ischemic heart
discase, alcohol ingestion, immunological resistance to
insulin or steroid use were present in 8% of cases. No
precipitating event could be identified in 5% of cases. On
admission, patients were alert in 72 cases (729%), lethargic
in 20 (20%) and stuporous in 8 {8%). The average
duration of hospitalization was 7 days.

Table 2 shows the biochemical abnormalities upon
admittance, compared with previous reports from
Kitabchi (6) and Foster (7). Table 3 shows the type of
acidosis according to the AGap/AHCO, quotient upon
admittance, comparcd with the results reported by
Adrogue (8). The average anion gap found in our serics
was 30.4. When we compare scrics, we can see that
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metabolic disturbances show a different pattern, the
percentage of normochloremic acidosis being higher in
our cases {67%) and mixed acidosis being lower (25%).
On admission, scrum electrolytes were found as follows:
sodium levels were normal (138 - 145 mEqg/1) in 44.3%,
high in 14.4% and low in 4]1.2% of reported episodes;
potassium was normal (3.5 - 5.3 mEq/1) in 70%, high in
16.4% and low in 13.4%. Finally, chloride was found to
be normal in 71.4%, high in 18.3% and low in 10.2% of
all cases.

Most patients were managed according to accepted
recommendations, they had isotonic solutions during the
first hour of admission, then according to clectrolyte
losses, hypotonic or isotonic fluids and potassium (20 -
40 mEq/l) were continued for the next eight hours.
Insuiin therapy with an initial LV, bolus of 10 units is
started at the beginning of treatment, then 5 1. V. units are
given each hour until the glycemia reaches 250 mg/dl
(0.1 U/kgof body weight). Insulin doses are then reduced
to 2 units/h and subcutaneous admintstration of insulin
is simultancously started; 1.V, administration is stopped
1 - 2 h later. Salinc solutions are changed to 5% glucose
solutions at this moment.

Bicarbonate is given when plasma pH is less than 6.9
(44 mEqg/l as a single dose). This conduct was adopted
when we found similar results when bicarbonate was not
used in a controlled study (9). Phosphate and magnesium
arc uscd only when their levels are low.

Reported complications correspended to hypokalemia
(five cases), hypoglycemia (four cases), hypernatremia
(four cascs), pulmonary edema {(onc case), ventricular
fibrillation (one case), cercbro-vascular apoplexy (one
case) and coma (one case). The great majority of deaths
in DKA are duc to complications of treatment itself,
although they can be prevented by a careful follow-up of
the patient’s condition. There were three deaths (6.5%
mortality), two cases were attributed tobronchoaspiration
(a 39-year-old man and a 35-year-old woman) and one
case to acute pulmonary edema (a 61-year-old paticnt
who also developed multiple cerebral infarctions
documented by CAT scan).
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Lack of epidemiological, clinical and biochemical
data of DKA in our country is noteworthy. Available
information from two or three centers refers, mainly, to
crude statistic data, without reference to such important
aspects as some of the clinical or biochemical features
previously mentioned (1-4). This is one of the reasons
why we consider of great importance that all centers
involved in the attention of diabetic patients report
regularly all new cases of DK A and their characteristics.

Patients in our institution are exclusively adults. This
is why our serics does not include diabetic patients
younger than 15 years of age. The average age of our
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Table 3
Acid-Base Disturbances on Admission
Hyperchloremic Mixed  Normochloremic
acidosis acidosis acidosis
AGap/AHCO, <0.4 % 04-08% >0.8 %
Adrogue 11 43 46
INNSZ 8 25 67

*AGup = calculated anion gap (mEg/l) - 12; AHCQ, = 24 mEg/] -
measured HCO,.

Table 1 shows the distribution of the episodes of DKA
according to the age at onset and type of treatment
described previously. Recurrent DKA was more common
in the groups of late onsct IDDM (7/22 patients) and
carly onset NIDDM {1/4 patients) - average age range 20
- 40 years old - 8 of the 26 patients had three or more
¢pisodes,

Precipitating factors were as follows: 40 episodes of
DKA (41%) were precipitated by an infection, the urinary
tract being the most common site, Of the 19 patients with
urinary infections (47.5% of all infected patients); 6 had
pyelonephritis, 12 had urinary tract infections (UTI),
and one had a renal abscess. Eight patients (20% of all
infections) had respiratory infections, upper respiratory
tract in four and pneumonia in the other four. Seven
patienishad soft tissucinfections (17.5% of all infections),
two had a dental abscess, and the other four patients had
enterocolitis, parotiditis or sepsis. In most cascs there
was no bacteriologic reports or thcy were negative
because antimicrobial treatment had already been started.
E. coliwas the most common microorganism isolated in
urinary tract infections.

Although currently accepted antimicrobial therapy
guides are usually followed in our setting, specific drugs
are not registered in many cases of infection precipitated
DKA. Twenty nine episodes of DKA (30%) were
precipitated by omission of tnsulin administration and
nine more (9%) by dietary transgressions. DKA was the
initial manifcstation of diabetes in seven patients. Other
precipitating causes like pancreatitis, ischemic heart
disease, alcohol ingestion, immunological resistance to
insulin or steroid use were present in 8% of cases. No
precipitating event could be identified in 5% of cases. On
admission, paticnts were alert in 72 cases (72%), lethargic
in 20 (20%) and stuporous in 8 (8%). The average
duration of hospitalization was 7 days.

Tabic 2 shows the biochemical abnormalities upon
admittance, compared with previous reports from
Kitabchi (6) and Foster (7). Table 3 shows the type of
acidosis according to the AGap/AHCO, quotient upon
admittance, compared with the results reported by
Adrogue (8). The average anion gap found in our series
was 30.4, When we compare series, we can sce that
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metabolic disturbances show a different pattern, the
percentage of normochloremic acidosis being higher in
our cases {67%) and mixed acidosis being lower (25%).
Onadmission, serum electrolytes were found as follows;
sodium levels were normal (138 - 145 mEq/l) in 44.3%,
high in 14.4% and low in 41.2% of reported episodes;
potassium was normal (3.5 - 5.3 mEg/1) in 709, high in
16.4% and low in 13.4%. Finally, chlornide was found to
be normal in 71.4%, high in 18.3% and low in 10.2% of
all cases.

Most patients were managed according to accepted
recommendations, they had isotonic solutions during the
first hour of admission, then according to clectrolyte
losses, hypotonic or isotonic fluids and potassium (20 -
40 mEqg/) were continued for the next cight hours.
Insulin therapy with an initial I.V. bolus of 10 units is
started at the beginning of treatment, then 5 V. units are
given each hour until the glycemia reaches 250 mg/dl
(0.1 U/kg of body weight). Insulindoses are then reduced
to 2 units/h and subcutancous administration of insulin
is simultancously started; I.V. administration is stopped
1 - 2 h later. Saline solutions are changed to 5% glucose
solutions at this moment.

Bicarbonate is given when plasma pH is less than 6.9
{44 mEqg/l as a single dose). This conduct was adopted
when we found similar results when bicarbonate was not
used in a controlled study (9). Phosphate and magnesium
arc used only when their levels are low,

Reported complications corresponded to hypokalemia
(five cases), hypoglycemia (four cases), hypernatremia
(four cases), pulmonary edema (one case), ventricular
fibrillation {one case), cercbro-vascular apoplexy {onc
case} and coma (onc case). The great majority of deaths
in DKA are due to complications of treatment itself,
although they can be prevented by a careful follow-up of
the patient’s condition. There were three deaths (6.5%
mortality); two cases were attributed to bronchoaspiration
(a 39-year-old man and a 35-year-old woman) and onc
case to acute pulmonary edema (a 61-yecar-old paticat
who also developed multiple cercbral infarctions
documented by CAT scan).
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Lack of epidemiological, clinical and biochemical
data of DKA in our country is noteworthy. Available
information from two or thrce centers refers, mainly, to
crude statistic data, without refcrence to such important
aspects as some of the clinical or biochemical features
previously mentioned (I-4). This is one of the reasons
why we consider of great importance that all centers
involved in the attention of diabetic patients report
regularly all new cases of DKA and their characteristics.

Paticnts in our institution are exclusively adults. This
is why our serics does not include diabetic patients
youngcr than 15 years of age. The average age of our
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group was 35 years which might explain why the
frequency of DKA as the initial presentation of diabetes
mellitus is not as high (15%) as in thosc series which
include pediatric subjects (20 - 25%) (10).

We found six patients with four or more episades of
DKA during the study period. These cpisodes of recurrent
ketoacidosis have been attributed to various causes, such
as inadequate metabolic control, inappropriate paticnt
education, inability to prevent or identify acute or chronic
complications of diabetes at carly stages, or a certain
predispositiontodeveloprecurrentbouts of DKA (11,12).

Regarding the frequency of DKA, it is interesting that
the majority of episodes (56.5%) occurred in 26 paticnts
whose diabetes began between 20 and 40 years of age. In
this group, eight patients (30.7%) had more than three
episodes of DKA. Different terms have been used to
identify this group of patients, such as type 1%2 diabeltes,
intermediate diabetes, and autoimmune latent diabetes
of the adult. Clinically, they are patients who share
characteristics from type 1 and type 11 diabetes. This
intermediate behavior may complicate both their
classification and the choice of trecatment (13-15). We
believe these patients should be put carly on insulin
therapy in order to avoid recurrent DKA and late stage
complications. In one prospeclive study performed at
our institute to identify non-ciassifiable paticnts {as
being type L or type IT), we found that 72% corresponded
to an intermediate type of diabetes and 12% had an
cpisode of DKA during the study period. This figure
cmphasizes the need of carly treatment with insulin to
obtain a good metabolic control inthis group of diabetics
{16). From the other groups, 35% of the classical IDDM
had an episode of DK A while in the group with NIDDM
there were four cpisodes (8.7%). It is clear from the
above data that DK A is not an exclusive complication of
type I diabetes.

As in other series reported in the literature (10,17-19),
the most frequent precipitating factor found in our group
was infection, specifically UTIbeing the most prevalent.
The second most frequent cause of DKA was lack of
adherence to insulin treatment and dictary transgressions,
two elements traditionally associated with the apearance
of both acute (20) and chronic (21) complications of
diabetes.

When comparing our data with those from Kitabchi
and Foster (Table 2), we found no significant differences
in the laboratory parameters analyzed. Although on
admission, mean serum sodium and potassium levels
were normal, they were low, high or normal in particular
cases. This should be considered when decisions are
made about the type of solution, electrolyte additions
and insulin schedule.

The metabolic acidosis found in DKA is characterized
by an increment in the anion gap. In our serics, it was
30.4, which is similar to the observed reduction in
bicarbonatc level. However, many patients with DKA
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may deviate from this pattern and present varying degrees
of anion-gap and hyperchloremic metabolic acidosis as
cocxistent medical problems. When we compare our
serics with Adrogue’s (Table 3), we can see that 33% of
our patients (54% in Adroguc’s serics) had hyper-
chloremic metabolic acidosis. This finding of
hyperchloremic acidosis may reveal a more gradual
installation of the initial metabolic derangement or other
acid-base disturbances.

We had three deaths in our series, which represent a
7% mortality rate. This figurc is lower than that reported
by other series which include adults only. Two of the
three patients who died were younger than 50 years. It
has been previously established that age is the main risk
factor for mortality in adult patients with DKA. In a
review of various series, mertality in paticnts under 50
years was 2to 7%, whilc it was 12 1043% in patients over
age S0 (1). Mortality rates, in adult patients, scems to
reflect the presence of concomitant diseases (myocardial
infarction, pancrecatitis, etc.) rather than a different
behavior of DKA itself. This may be the rcason why
death rates do not change significantly when compared
with reftrospective reviews or cohort-compared scries
(22).

In conclusion, characterizing the epidemiological
featureg, clinical findings, and biochemical features of
DKA provides us with useful elements for future
therapeutic strategics planning. Future studies can be
designed to evaluate the changes in morbidily and
mortality obtained with prospective specifically
implemented strategics. As more information is generated
about the clinical characteristics of the Mexican diabetic
population, it will be possible not to use information
generated inother populations which, in the great majority
of cases, have important differences with ours.
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group was 35 years which might explain why the
frequency of DKA as the initial presentation of diabetes
melilitus is not as high (15%]) as in those series which
include pediatric subjects (20 - 25%) (10).

We found six patients with four or more ¢pisodes of
DKA during the study period. These cpisodes of recurrent
ketoacidosis have been attributed to various causes, such
as inadequate metabolic control, inappropriate paticnt
cducation, inability to prevent or identify acute or chronic
complications of diabetcs at early stages, or a certain
predispositionto develop recurrent boutsof DKA (11,12).

Regarding the frequency of DKA, it is interesting that
the majority of episodes (56.5%) occurred in 26 paticnts
whose diabetes began between 20 and 40 years of age. In
this group, cight patients (30.7%) had more than three
episodes of DKA. Different terms have becn used to
identify this group of patients, such as type 1%z diabctcs,
intermediate diabetes, and autoimmune latent diabetes
of the adult. Clinically, they are paticnts who share
characteristics from type I and type Il diabctes. This
intermediate behavior may complicate both their
classification and the choice of treatment (13-15). We
belicve these patients should be put early on insulin
therapy in order to avoid recurrent DKA and late stage
complications. Tn onc prospective study performed at
our institute to 1dcntlf}' non-classifiable pmicnis (us
being type I or type IT), we found that 72% corresponded
to an intermediate type of diabetes and 12% had an
episode of DKA during the study period. This figure
emphasizes the need of early treatment with insulin to
obtain a good metabolic control in this group of diabetics
(16). From the other groups, 35% of the classical IDDM
had an cpisode of DK A while in the group wilh NIDDM
there were four episodes (8.7%). It is clear from the
above data that DK A is not an exclusive complication of
type [ diabetes.

Asin other series reported in the literature (10,17-19),
the most{requent precipitating factor found in our group
was infection, specifically UTI being the most prevalent.
The second most frequent cause of DKA was lack of
adhercnce toinsulin treatment and dietary transgressions,
two clements traditionally associated with the apearance
of both acute (20) and chronic (21} complications of
diabetes.

When comparing our data with those from Kitabchi
and Foster (Table 2), we found no significant differences
in the laboratory parameters analyzed. Although on
admission, mean serum sodium and potassium levels
were normal, they were low, high or normal in particular
cases. This should be considered when decisions are
made about the type of solution, electrolyte additions
and insulin schedule.

The metabolic acidosis found in DKA is characterized
by an increment in the anion gap. In our scries, it was
30.4, which is similar to the observed reduction in
bicarbonate levet. However, many patients with DKA
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may deviate from this pattern and present varying degrees
of anion-gap and hyperchloremic metabolic acidosis as
coexistent medical problems. When we compare our
scrics with Adrogue’s (Table 3), we can sce that 33% of
our paticnts (54% in Adrogue's serics) had hyper-
chloremic mectabolic acidosis. This finding of
hyperchloremic acidosis may reveal a more gradual
installation of the initial metabolic derangement or other
acid-base disturbances.

We had three deaths in our series, which represent a
7% mortality rate. This figurce is lower than that reported
by other serics which include adults only. Two of the
three patients who died were younger than 50 years. It
has been previously established that age is the main risk
factor for mortality in adult paticnts with DKA. In a
review of various scries, mortality in paticnts under 50
years was 210 7%, while it was 121043% in patients over
age 50 (1). Mortality rates, in adult paticnts, scems 1o
reflect the presence of concomitantdiscases (myocardial
infarction, pancreatitis, ctc.) rather than a different
behavior of DKA itself. This may be the rcason why
death rates do not change significantly when compared
with retrospective reviews or cohort-compared series
(22).

In conclusion, characterizing the cpidemiological
features, clinical findings, and biochemical features of
DKA provides us with useful elements for futurc
therapeutic strategies planning. Future studies can be
designed to evaluate the changes in morbidity and
mortality obtained with prospective specifically
implemented strategics. As more information is generated
about the clinical characteristics of the Mexican diabetic
population, it will be possible not to use information
gencrated inother populations which, in the great majority
of cases, have important differences with ours.
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