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Abstract 
In this retrospective study, we report the clinical 
and biochemical features of diahetic ketoacidosis 
(DKA) in adult patients who were managed at the 
Instituto Nacional de la Nutrición during a 6.5 year 
periodo There were 98 episodes in 46 patienl" 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 patienl~ with 
IDDM; 48% in "late onset" NIDDM: 9% in "early 
onsel" and 9% in classical NIDDM. Infections as the 
precipitating factor in 41 % of episode. of DKA were 
the ¡nitial manifes141tion of diabetes. \Ve compared 
ollr reslIlts with those from other reportcd series, 

finding no diffcrcnces among them. The mean anion 
gap in our series was 30.4. Main complications 
identiried 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 adlllt patients with DKA reported in our 
country in the last decade. The obtained results may 
help evaluate prospeetively the impael of different 
diagnostic and therapeutic strategies in the 
management of DKA. (IIreil Med Res 1996; 27:177) 

KEY WORDS: Diabetie ketoaeidosis; Epidemiology in adults; tnfeetions; Serum eleetrolytes. 

Introduction 

One ofthe most severe aeute metabolie eomplieations 
of diabetes mellitus (DM) is diabetie ketoaeidosis (DKA), 
whieh is the c1inieal and bioehemieal manifestation of 
almost absolute insulin defieiency. This lack of insulin 
produces hyperglyeemia, hyperketonemia, metabolic 
acidosis, electrolyte depletion, dehydration and 
derangements in mental status (1). Although it is a 
eomplication typically associated wilh insulin-dependent 
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diabetes mellitus (IDDM), it may also be present in non
insulin-dependent diabetes meJlitus (NIDDM). 

There is little information about the epidemiologie, 
c1inieal and bioehemieal features of patients with DKA 
in our eountry (1-4). Knowing the ineidence of DKA in 
medical emergeney units, the age group most frequently 
affeeted, preeipitating faetors, c1inieal eharaeteristies at 
prcsentation, laboratory abnormalities, and the mortality 
of this group of patients is of great importanee. This 
information can be used to design prospeetivc strategics 
in the prevention, c.g., education or trcatment, C.g., 
diffcrcnt modalitics of managment whieh could modify 
the morbidity and mortality of this preventable acute 
complication of diabetes. 

Thc purpose ofthis study was to invesligate theclinical 
and laboratory !Caturcs ofthe patients with DKA treated 
at the emergency room of lhe Instituto Nacional de la 
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Abstraet 
In this retrospective study, wc report the clinic~11 
and biochemical features of diabetic keto~lcidosis 
(DKA) in adult patiellts who were managed at the 
Instituto Nacional de la Nutrición during a 6.5 year 
periodo 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 
(¡ve perccnt of the cvents occurrcd in patients with 
IDDM; 48% in "late onset" NIDDM: 9% in "early 
onset" and 9% in classical NIDIlM. I"feetions as the 
precipitating factor in 41 % of episode. of DKA were 
the ¡nitia) manifestation of diabetes. We compared 
our results with those from other rcported series, 

tinding no diITercnces among them. The mean anioo 
gap in our series was 30.4. Maío 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 oue 
case eaeh_ There were three deaths (6_5%) in the 
whole group. 1'0 our knowledge, this is the largest 
series 011 adult patients with DKA reported in our 
country in the last decade. The obtaincd results may 
help evaluate prospeetively the impaet of different 
diagnostic and therapeutic strategies in the 
management of DKA_ (Are/¡ Med Res 1996; 27:177) 

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

Introduction 

One ofthe most severe aeute metabolie eomplieations 
of diabetes mell itus (DM) is diabetie ketoacidosis (DKA), 
whieh is the clinieal and biochemieal manifestation of 
almost absolute insulin deficiency. This lack of insulin 
produces hyperglycemia, hyperketonemia, metabolic 
acidosis, clcctrolytc dcplction, dehydration and 
derangements in mental status (1). Although it is a 
eomplication typieally associated with insulin-depcndent 
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diabetes mellitus (IODM), it may al so be present in non
insulin-dependent diabetes mellitus (NIODM). 

There is li ttle information about the epidemiologic, 
cIinieal and biochemical features of patients with DKA 
in our country (1-4). Knowing the ineidenee of DKA in 
medical emergency units, the age group most frequently 
affected, precipitating factors, clinieal eharacteristies at 
presentation, laboratory abnormalities, and themortality 
of this group of patients is of great importanee. This 
information can be used to design prospeetive strategies 
in the prevention. e.g., education or treatment, e.g., 
different modalities of managment whieh eould modify 
the morbidity and mortality of this preventable aeute 
eomplieation of diabetes. 

The purpose ofthis study was to investigate thecIinical 
and laboratory fcatures ofthe patients with DKA treated 
at the emergeney room ol' the Instituto Nacional de la 
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Abstrael 
In this retrospective study, we report the clinical 
and biochemical fentures of diahetic ketoacidosis 
(DKA) in adllll patients who were managed al Ihe 
Instituto Nacional de la Nutrición during a 6.5 year 
periodo Thcre were 98 episodes in 46 patienl.: 22 
females (48%) aud 24 males (52%), Six patients 
(13%) had fOllr or more episodes of DKA, Thirly 
five percent of the events occurrcd in paticnl"i with 
IDDM; 48% in "Iale ousel" NIDDM: 9% in "early 
onsel" and 9% in classical NIDDM.lnfections as the 
precipitating f.lctor in 41 % ofepisodc5 ofDKA were 
the initial manifestation of diabetes. 'Ve compared 
our re.."tults with those from other rcportcd serics, 

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, hypcrnatremia in four 
cases, and acute pulmonary edema, ventricular 
fihrillation, neurological deficit and coma in one 
case eaeh, There were Ihree dealhs (6,5%) in Ihe 
whole group, To our knowledge, Ihis is the largesl 
series on adult patients with DKA reportcd in our 
country in the last dccade. Thc obtaincd results may 
help evaluale prospeelively lhe impacl of dilTerenl 
diagnostic and therapeutic strategies in the 
managemenl of DKA, (Are/¡ Med Res 1996; 27:177) 

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

Introduction 

One of the most severe aeute metabolic complications 
of diabetes mellitus (OM) is diabetic ketoacidosis (OKA), 
which is the clinieal and bioehemieal manifestation of 
almost absolute insulin defieieney. This laek of insulin 
produces hyperglyeemia, hyperketoncmia, metabolic 
acidosis, elcctrolyte depletion, dehydration and 
derangcments in mental status (1), Althollgh it is a 
complication typically associated with insulin-dependent 
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diabetes mellitlls (100M), it may al so be present in non
insulin-dependent diabetes mellitlls (NIDOM). 

Therc is little information about the epidemiologic, 
c1inical and biochemical features of patients with OKA 
in OUf country (1-4). Knowing the incidence of OKA in 
medical emergency units, the age group most frequentIy 
affected, precipitating factors, c1inical characteristics at 
presentation, laboratory abnormalities, and the mortality 
of this group of patients is of great importance. This 
iuformation can be used to design prospective strategies 
in the prevention, c,g" education or trcatment, e.g., 
different modalities of managment which could modify 
the morbidity and mortality of this preventable acute 
complication of diabetes. 

The pllrpose ofthis study was lo investigatc the clinical 
and laboratory features oflhe patients with OKA treated 
at the emergcncy room of the Instituto Nacional de la 
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Nutrición "Salvador Zubirán" (INNSZ) during the last 
6.5 years, through retrospective analysis oftheir medical 
records. 

Patients and Methods 

We reviewed the medical records of patients 15 years 
old and older with O KA admitted to the emergency room 
ofthe Instituto Nacional de la Nutrición SalvadorZubirán 
from January 1987 to June 1993. The diagnosis ofOKA 
was based on the following: a) glycemia over 300 mg/dl; 
b) HCO, <15 mEqll; c) blood pH <7.3 and ketonuria 
greater than +++. The following information was also 
obtained: age, sex, body mass index (BMI), typeofOM, 
age at onset and duration of disease. Patients were 
cIassified into four groups according to the age at onset 
and type of treatmen!. 

a) 100M: patients whose age at onset was 20 years or 
les, and who required insulin for their trcatmen!. 

b) Late onset 100M: the disease appcarcd between 20 
and40 years and who requircd insulin aftersecondary 
patients in whom failurc to hypoglycemic agents 
occurrcd. 

c) Early onsetNIOOM: patients diagnosed as diah"'ics 
belwccIl 20 and 40 ycars '.'·.Iho VJcr~ effcctivcly 
treated with oral hypoglyccmic agents. 

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

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

Other data obtained for analysis were precipitating 
factors, number of episodes 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 
.c.Gap/.c.HCO, quotient (.c.Gap = ca1culated anion gap 
(mEqIl)-12; .c.HCO, = 24 mEq/l-measurcd HCO,) was 
used to determine the type of acidosis in those patients in 
whom that infonnation was available. 

Results 

Ninety eight episodes of OKA were registered in 46 
patients during the study periodo Twenty two patients 
(48%) were femaleand 24 (52%) were male. Six patients 
(13%) had fouror moreepisodes ofOKA. The mean age 
oflhe 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. 

Tahle 1 

ClinicaJ Characteristics by Age Group 3nd Typc of Diabetes 
---

11 (%) F/M Agc (X) Insulin (%) Hypoglycemic agent (%) 

IODM 16 (34.8) 11115 16 100 O 

Late onset IODM 22 (47.8) 7115 29 86.3 13.6 

Early onsct NIDDM 4 (8.7) 2/2 36 O 100 
-

NlDDM 4 (8.7) 2/2 52 O 100 

Note: IDDM = <20 years; late onset IDDM = 20-40 years; ear1y onset NIDDM = 20-40 years; NIDDM = >40 years. 

Tahlc 2 
Mean Laboratory Valucs on Admission 

Kitabchi (n: 123) Foster (n=88) INNSZ (n:98) 

Glucose (mg/dl) 606 476 439 

Na (mEqn) 135 132 138 

K (mEqn) 5.7 4.8 4.4 

HCO, (mF.q/l) 6.3 1.0 5.6 

BUN (mg/dl) 29 25 41 

mOsm 316 310 31 I 

pH 7.11 7.22 

f'- t\.~, ~" " ._.,., ~ , .... 
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Abstraet 
In this retrospective study, we report the clínica) 
and biochemical features of diabetic ketoacidosis 
(DKA) in adult patients who were managed at the 
Instituto Nacional de la Nutrición during a 6,5 year 
periodo 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 paticnts with 
IDDM; 48% in "late onset" NIDOM: 9% in "carly 
onsel" and 9% in classical NIDDM.lnfcctions as the 
precipitating factor in 41 % of episodes ofDKA were 
the initial manifestation of diabetes. 'Ve compared 
our results with those from other rcportcd series, 

finding no dirrerences arnongthem. 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, ncurological deficit and coma in one 
case eaeh, There were lhree deaths (6.5%) in the 
whole group. 1'0 our knowledge, tltis is tite largest 
series on adult patients with DKA rcportcd in our 
country in the last decade. Tite obtained results may 
help evaluate prospectively the impact of different 
diagnostic and therapeutic strategies in the 
management of DKA, (Arc/, Med Res 1996; 27:177) 

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

Introduction 

One ofthe most severe aeute metabolie eomplieations 
of diabetes mellitus (OM) is diabelie ketoaeidosis (OKA), 
which is the elinieal and bioehemical manifestation of 
almost absolutc insulin deficiency. This lack of insulin 
produces hyperglycemia, hyperketonemia, metabolic 
acidosis, c1eetrolyte depletion, dehydration and 
derangements in mental status (1), A1though it is a 
eomplication typieall y assoeiated with insulin-dependent 
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diabetes mellilus (100M), il may also be present in non
insulin-dependent diabetes mellitus (NlDDM), 

There is li!tle informal ion about the epidemiologie, 
elinical and bioehemical features of patients with OKA 
in om eounlry (1-4), Knowing the ineidence of OKA in 
medieal emergency units, the age group most frequently 
affeeted, preeipitaling faetors, elinical eharacteristies at 
prcsentation, laboratory abnormalities, and the mortality 
of this group of patients is of great importanee, This 
information ean be used to design prospeelive strategies 
in the prevenlion, e.g., edueation or treatment, e,g" 
different modalitics of managment whieh eould modify 
the morbidity and mortality of this preventable aeute 
eomplieation of diabetes. 

The purpose ofthis sludy was to investigate theelinieal 
and laboratory fcatures ofthe patients with OKA treated 
at the emergency room of the Instituto Nacional de la 
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Nutrición "Salvador Zubirán" (INNSZ) during the last 
6.5 years, through retrospective analysis ortheirmedical 
records. 

Patients and Methods 

We reviewed the medical records ofpatients 15 years 
old and older with O KA admitted to the emergency room 
ofthe Instituto Nacional de laNutrición SalvadorZubirán 
fromJanuary 1987 toJune 1993. The diagnosis ofOKA 
was based on the following: al glycemia over 300 mg/dl; 
b) HC03 <15 mEq/l; c) blood pH <7.3 and ketonuria 
greater than +++. The following information was also 
obtained: age, sex, body mass index (BMI), type ofOM, 
age at onset and duration of disease. Patients were 
classified into four groups according to the age at onset 
and type of treatmen!. 

a) 100M: patients whose age at onset was 20 years or 
less and who rcquircd insulin for their treatmen!. 

b) Late onset 100M: the disease appeared between 20 
and40 years and who required insulin aftersccondary 
patients in whom failure to hypoglycemic agents 
occurred. 

e) Early onset NIODM: patients diagnosed as diabetics 
between 20 and 40 yenrs who were effectivcly 
treated with oral hypoglycemic agents. 

GOMEZ, RIVERA, RAMOS, REZA, GOMEZ·PEREZ. RULL 

d) NIOOM: patients diagnosed after age 40 and treated 
adequately with oral hypoglycemie agents. 

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

The following laboratory results were al so obtained: 
serum glucose, sodium potassium, chloride, BUN, 
creatinine, osmolarity, anion gap and arterial gases. The 
~Gap/~HC03 quotient (~Gap = calculated anion gap 
(mEq/l)-12; tJ.HC03 = 24 mEqll-measured HC03) was 
used to determine the type of acidosis in those palients in 
whom that information was available. 

Results 

Ninety eight episodes of OKA were registered in 46 
patients during the study periodo Twenty two patients 
(48%)were femalcand 24 (52%) weremalc. Sixpatients 
(13%) had four or more episodes ofOKA. The mean age 
ofthe group was 35.3 ± 13.8 years (range 18 - 78) and the 
mean age at whieh diabetes was diagnoscd was 27.7 ± 
13.g years. Mean weight was 56.4 ± 16.06 kg (range 33 
- 123) and BMI 18.8 ± 3.R4. The mean duration of the 
disease was 9.6 ± 7.25 years. 

Table 1 

Clinical Chamcteristics by Age Group and Type of Diabetes 

n (%) FIM Age (X) Insulin (%) Hypoglycemic agcnt (%) 

IDDM 16 (34.8) 11115 16 100 O 

L..'lte onset lDOM 22 (47.8) 7115 29 g6.3 13.6 

Early onse! NIDDM 4 (8.7) 212 36 O 100 

N1DDM 4 (8.7) 212 52 O lOO 

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

Table 2 

Mean Laboratory Values on Admission 

Kitabchi (n;:::123) Fosler (n=88) INNSZ (n=98) 

Glucose (mg/dl) 606 476 439 

Na (mEqfl) 135 132 138 

K (mEqn) 5.7 4.8 4.4 

HCO, (mEqll) 6.3 1.0 5.6 

nUN (mg/dl) 29 25 41 

mOsm 316 310 311 

pll 7.11 7.22 
---- ------- -
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Nutrición "Salvador Zubirán" (INNSZ) during the last 
6.5 years, through retrospective analysis of thcir medieal 
reeords. 

Patients and Methods 

We reviewed the medical reeords of patients 15 years 
old and older with OKA admitted to the emergeney room 
ofthe Instituto Nacional de la Nutrición Salvador Zubirán 
from January 1987 to June 1993. The diagnosis ofOKA 
was based on the following: a) glycemia over 300 mg/dl; 
b) HC03 <15 mEq/l; e) blood pH <7.3 and ketonuria 
greater than +++. The following information was al so 
obtained: age, sex, body mass index (BMI), type ofOM, 
age at onset and duration of disease. Patients were 
classified into four groups aeeording to the age at onset 
and type of treatmen!. 

a) 100M: patients whose age at onset was 20 years or 
les s and who required inslIlin for their treatmenL 

b) Late onset 100M: the disease appeared between 20 
and40 years and who reqllired inslIlin aftersecondary 
patients in whom failure to hypoglyeemie agents 
oeeurred. 

e) Early onset NIDOM: patients diagnosed as diabeties 
between 20 and 40 years who were elTectivcly 
treated with oral hypoglyeemie agents. 
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d) NIDOM: patients diagnosed after age 40 and treatcd 
adcquatcly with oral hypoglyeemie agents. 

Other data obtained for analysis were precipitating 
faetors. number of episodes per patient, hospital stay 
duration, ncufologic status on admission, complications 
of management. and mortalily. 

The following laboratory reslllts were al so obtained: 
serum glueose, sodium potassium, ehloride, BUN. 
ereatinine, osmolarity, anion gap and arterial gases. The 
dGap/dHC03 quotient (dGap = ealculaled anion gap 
(mEq/l)-12; dHC03 = 24 mEq/l-measured HC03) was 
used lo determine the type of acidosis in those patients in 
whom that information was available. 

Results 

Ninely eight episodes of OKA were registered in 46 
patients during the stlldy periodo Twenty two palients 
(48%) were female and 24 (52%) were maleo Six patients 
(13%) had four or more episodes ofOKA. The mean age 
ofthe grollp was 35.3 ± 13.8 years (range 18 - 78) and the 
mean age at whieh diabetes was diagnosed was 27.7 ± 
j 3.8 years. Mean weight was 56.4 ± 16.06 kg (range 33 
- 123) and BM! 18.8 ± 3.84. The mean dllration of the 
disease was '1.6 ± 7.25 years. 

Tahle 1 

Clinical Characteristics by Age Group and Type of Diabetes 

n (%) FIM Agc (X) InsuJin (%) Hypoglycemic agenL (%) 

IDDM 16 (34.8) 11/15 16 tOO O 

L1te onset IDDM 22 (47.8) 7/15 29 86.3 13.6 

Early onset NIDDM 4 (8.7) 2/2 36 O tOO 

NIDDM 4(8.7) ·2/2 ·52 O tOO 

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) 

Glucose (rng/d1) 606 476 439 

Na (rnEqn) 135 132 138 

K (rnEqn) 5.7 4.8 4.4 

HCO, (mEq/t) 6.3 LO 5.6 

BUN (rng/dl) 29 25 41 

mOsm 316 310 31 I 

pH 7.11 7.22 
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Nutrición "Salvador Zubirán" (INNSZ) during the last 
6.5 years, through retrospectiveanalysis oftheirmedical 
records. 

Patients and Methods 

We reviewed the medical records ofpatients 15 years 
old and older with D KA admitted to the emergency room 
ofthe Instituto Nacional de la Nutrición Sal vador Zubirán 
from January 1987 to June 1993. The diagnosis ofDKA 
was based on the following: a) glyeemia over 300 mg/dl; 
b) HCO, <15 mEq/l; e) blood pH <7.3 and kctonuria 
grcaler Ihan +++. The following information was also 
obtained: age, sex, body mass indcx (BMI), typeofDM, 
age al onset and duration of disease. Palients were 
classified inlo fonr groups according to Ihe age at onsel 
and Iype of trealmen!. 

a) IDDM: palients whose age al onset was 20 years or 
less and who required insulin for Iheir treatmen!. 

b) Late onset !DDM: the disease appeared belween 20 
and40 years and who required insulin afterseeondary 
paticnts in \vhom f3ilure to hypoglycemic agcnts 
oecurred. 

e) Early onset NIDDM: patients diagnosed as diabctics 
betwcen 20 and 40 ycars who wp.rc cffcctivcly 
Irealed with oral hypoglyeemic agents. 
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d) N!DDM: patienls diagnosed after age 40 and Ireated 
adequately with oral hypoglycemic agents. 

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

The following laboratory reslllts were al so obtained: 
serum glllcose, sodium potassium, ehloride, BUN, 
creatinine, osmolarity, anion gap and arterial gases. The 
t.Gap/t.HCO, quotienl (t.Gap = ca1culated anion gap 
(mEq/l)-12; t.HCO, = 24 mEq/l-measllred HCO,) was 
used to determine the type of acidosis in those patients in 
whom that information was available. 

Rcsults 

Ninety eight episodes of DKA were registered in 46 
patients during the study periodo Twenty two patients 
(48%) were female and 24 (52%) were male. Six patients 
(13%) had four or more episodes ofDKA. The mean age 
ofthe grollp 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) aod BMI 18.8 ± 3.84. The mean duratioo of the 
disease was 9.6 ± 7.25 years. 

Table 1 

Clinical Characterislics by Age Group and Typc of Diabetes 

n (%) !'1M Age(X) lnsulin (%) Hypoglycemic Jgent (%) 

IDDM 16 (34.8) 11/15 16 100 O 

Late onset IDDM 22 (47.8) 7/15 29 86.3 13.6 

Early onsel NIDDM 4 (8.7) 2/2 36 O 100 

NIDDM 4 (8.75 2/2 52 O 100 

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

Table 2 

Mean LaboralOry Values on Admission 

Kitabchi (n= 123) Fostcr (n=88) INNSZ (n=98) 

Olucose (rng/dl) 606 476 439 

Na (rnEqIl) 135 132 138 

K (rnEqn) 5.7 4.8 4.4 

HCO, (mEq/l) 6.3 1.0 5.6 

BUN (rng/dl) 29 25 41 

mOsm 316 310 311 

pH 7.11 7.22 
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Nutrición "Salvador Zubirán" (INNSZ) during the last 
6.5 years, through retrospeetive analysis oftheir medieal 
records. 

Patients alld Mcthods 

We reviewed the medieal reeords of patients 15 years 
old and older with D KA admitted to the emergeney room 
oftheInstitutoNacional de la Nutrición SalvadorZubirán 
from January 1987 to June 1993. The diagnosis ofOKA 
was based on the foIlowing: a) glycemia over 300 mg/dl; 
b) HCO, <15 mEq/l; e) blood pH <7.3 and ketonuria 
greatcr than +++. The foIlowing information was also 
obtained: age, sex, body mass index (BMI), type of OM, 
age at onset and duration of disease. Patients were 
cIassified into four groups aecording to the age at onset 
and type of treatmen!. 

a) 100M: patients whose age at onset was 20 years or 
less and who required insulin for their treatmcnl. 

b) Late onset 100M: the discase appeared between 20 
and40years and who required insulin afterseeondary 
patients in whom failure to hypoglyccmic agcnts 
occurrcd. 

e) Early onset NIDOM: patients diagnosed as diabeties 
uetwccn 20 and 40 yCüiS 'vvho '.vcrc effcctivcly 
treated with oral hypoglyeemic agents. 
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d) NIDOM: patients diagnosed after age 40 and treated 
adequately with oral hypoglyeemie agents. 

Other data obtained for analysis were preeipitating 
factors, number of episodes per patient, hospital stay 
duration, neurologie status on admission, eomplications 
of managcment, and mortality. 

The following laboratory results were also obtained: 
serum glucose, sodium potassium, ehloride, BUN, 
creatinine, osmolarity, anion gap and arterial gases. The 
Ll.Gap/Ll.HCO, quotient (Ll.Gap = calculated anion gap 
(mEq/l)- I 2; Ll.HCO, = 24 mEq/I-measured HCO,) was 
used to determine the type of acidosis in those patients in 
whom that information was available. 

Rcsults 

Ninety eight episodes of OKA were registered in 46 
patients during the study periodo Twenty lwo patients 
(48%) were female and 24 (52%) were male. Six patients 
(13%) had four or more episodes ofOKA. The mean age 
ofthe group was 35.3 ± 13.8 years (range 18 - 78) and the 
mean age al 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. Thc lIlean Juration of the 
disease wns 9.6 + 7.25 ycars. 

Tahle 1 
Clinical Characteristics by Age Group amI Type of Diabetes 

----------------
n (%) F/M Age (X) Insulin (%) Hypoglyccl1lic agent (%) 

IODM 16 (34.8) 11115 16 lOO O 

Late onset 100M 22 (47.8) 7/15 29 86.3 13.6 

Early onsct NIDDM 4 (8.7) 2/2 36 O 100 

NIODM 4 (8.7) 2/2 52 O lOO 

Note: 100M = <20 years; late onset 100M = 20-40 years; early onset NIDDM = 20-40 years; NIDDM = >40 years. 

Tahlc 2 

Mean Laboralory Values on Admission 

Kj,.bchj (n=123) Fosler (n=88) INNSZ (n=98) 

Glucose (mg/dl) 606 476 439 

Na (mEq/l) 135 132 138 

K (mEq/l) 5.7 4.8 4.4 

HCO, (mEqIJ) 6.3 1.0 5.6 

BUN (mg/dl) 29 25 41 

mOsm 316 310 311 

pH 7. ti 7.22 
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DIABETIC KETOACIDOSIS IN ADUL TS 

Tahle3 
Acid-Base Disturbances on Admission 

Hypcrchloremic Mixcd Normochloremic 
acidosis acidosis acidosis 

l!.Gap/l!.HCO, <0.4 % 0.4 - 0.8 % >0.8 % 

Adroguc 11 43 46 

INNSZ 8 25 67 

*.6.Gap = calculated anion gap (mEqn) - 12; óHCO l = 24 mEq!l
measured IICOy 

Table 1 shows the distribution ofthe episodes ofDKA 
aeeording to the age at onset and type of treatment 
deseribed previously. ReeurrentDKA was moreeommon 
in the groups of late onset IDDM (7/22 patients) and 
early onset NIDDM (1/4 patients) - average age range 20 
- 40 years old - 8 of the 26 patients had three or more 
episodes. 

Precipitating faetors were as follows: 40 episodes of 
D KA (41 %) were preeipitated by an infeetion, the urinary 
traet being the most eommon site. Ofthe 19 patients with 
urinary infeetions (47.5% of all infeeted patients); 6 had 
pyelonephritis, 12 had urinary traet infeetions (UTI), 
and one had a renal abseess. Eight patients (20% of a11 
infeetions) had respiratory infeetions, upper respiratory 
traet in four and pneumonia in the other four. Seven 
patients had soft tissueinfeetions (17.5% of a11 infeetions), 
two had a dental abseess, and the other four patients had 
enterocolitis, parotiditis or sepsis. In most cases there 
was no baeteriologie reports or thcy werc negative 
beeauseantimicrobial treatment had already been started. 
E. coU was the most eommon microorganism isolated in 
urinary traet infeetions. 

Although currently aeeepted antimierobial therapy 
guides are usually followed in our setting, speeifie drugs 
are not registered in many cases ofinfeetion preeipitated 
DKA. Twenty nine episodes of DKA (30%) were 
preeipitated by omission of insulin administration and 
nine more (9%) by dietary transgressions. DKA was the 
initial manifestation of diabetes in seven patients. Other 
preeipitating causes like panereatitis, isehemie heart 
disease, alcohol ingestion, immunologieal resistanee to 
insulin or steroid use were present in 8% of cases. No 
preeipitating eventeould be identified in 5% of cases. On 
admission, patients were alcrt in 72 cases (72%), lethargie 
in 20 (20%) and stuporous in 8 (8%). The average 
duration of hospitalization was 7 days. 

Table 2 shows the bioehemieal abnormalities upon 
admittanee, eompared with previous reports from 
Kitabehi (6) and Foster (7). Table 3 shows the typc of 
acidosis aeeording to the ~Gap/~HC03 quotient upon 
admittanee, eompared with the results reported by 
Adrogue (8). The average anion gap found in our series 
was 30.4. When we compare series, we can see that 
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metabolie disturbanees show a different pattern, the 
pereentage of nonnoehloremie acidosis being higher in 
our cases (67%) and mixed acidosis being lower (25%). 
On admission, serum eleetrolytes were found as fo11ows: 
sodium lcvcls were normal (138 - 145 mEq!l) in 44.3%, 
high in 14.4% and low in 41.2% of reported episodes; 
potassium was nonnal (3.5 - 5.3 mEqn) in 70%, high in 
16.4% and low in 13.4%. Finally, ehloride was found to 
be normal in 71.4%, high in 18.3% and low in 10.2% of 
a11 cases. 

Most patients were managed aeeording to aeeepted 
reeommendations, they had isotonie solutions during the 
first hour of admission, then aeeording to elcetrolyte 
losses, hypotonie or isotonie fluids and potassium (20-
40 mEq/l) were eontinued for the next eight hours. 
Insulin therapy with an initial LV. bolus of 10 units is 
started at the beginning oftreatment, then 5 LV. units are 
given eaeh hour until the glyeemia reaehes 250 mgldl 
(0.1 U/kg ofbody weight). Insulin doses are then redueed 
to 2 units/h and subeutaneous administration of insulin 
is simultaneously started; l.V. administration is stopped 
1 - 2 h later. Saline solutions are ehanged to 5% glucose 
solutions at this momen!. 

Bicarbonate is given when plasma pH is les s than 6.9 
(44 mEq/1 as a single dosel. This conduet was adopted 
when we fOllnd similarresults when bicarbonatc was not 
used in a controJled stlldy (9). Phosphate and magnesillm 
are used only when their levels are low. 

Reported complieations corresponded to hypokalemia 
(five cases), hypoglyeemia (four cases), hypernatremia 
(four cases), pulmonary edema (one case), ventricular 
fibriJlation (one case), cerebro-vascular apoplexy (one 
case) and coma (one case). The great majority of deaths 
in DKA are due to eomplications of treatment itself, 
aJthough thcy can be prevented by a eareful foJlow-up of 
the palient's eondition. There werc three deaths (6.5% 
mortality); two cases were attributed to bronehoaspiration 
(a 39-year-old man and a 35-year-old woman) and one 
case to acute pulmonary edema (a 61-year-old patient 
who al so developed multiple cerebral infarctions 
doeumented by CA T sca!,~.... " . ",. 

L~ _.1.-.. . ____ . __ 1, 
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Laek of epidemiological, elinieal and bioehemieal 
data of DKA in our eountry is noteworthy. Available 
information from two or three centers refers, mainly, to 
erude statistie data, without referenee to sueh important 
aspeets as sOrne of the elinical or biochemieal features 
previously mentioned (1-4). This is one of the reasons 
why we eonsider of great importance that aJl eenters 
involved in the attention of diabetic patients report 
regularly aJl new cases of D KA and their eharaeteristics. 

Patients in our institution are exelusively adults. This 
is why our series does not inelude diabetie patients 
younger than 15 years of age. The average age of our 
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DIABETIC KETOAClDOS1S IN ADULTS 

Table3 
Acid-Base Disturbances on Admission 

llyperchloremic Mixed Normochloremic 
acidosis acidosis acidosis 

dGap/MICO, <0.4 % 0.4 - 0.8 % >0.8 % 

Adrogue 11 43 46 

lNNSZ 8 25 67 

*6Gap:::; calculated anion gap (mEq/l) - 12; LlHC03 :::; 24 mEqlI
measured J leo]" 

Table I shows the distribution ofthe episodes ofOKA 
aeeording to the age at onset and type of treatment 
deseribedpreviously. ReeurrentOKA wasmoreeommon 
in the groups of late onset 100M (7/22 patients) and 
early onset NIOOM (1/4 patients) - average age range 20 
- 40 years old - 8 of the 26 patients had three or more 
episodes. 

Preeipitating faetors were as follows: 40 episodes of 
OKA (41 %) were preeipitated by an infeetion, the urinary 
traet being the most eommon site. Ofthe 19 patients with 
urinary infeetions (47.5% of all infeeted patients); 6 had 
pyeloncphritis, 12 had urinary traet infcetions (UTI), 
and one had a renal abseess. Eight patients (20% of all 
infeetions) had respiratory infeetions, upper respiratory 
traet in four and pneumonia in the other four. Seven 
patientshadsoft tissueinfeetions (17.5% ofa1l infeetions), 
two had a dental abseess, and the other four patients had 
enterocolitis, parotiditis or sepsis. In most cases there 
was no bacteriologie reports or they were negative 
because antimierobial treatment had already been started. 
E. coliwas Ihe most common microorganism isolated in 
urinary traet infeetions. 

Ahhough eurrently aecepted antimierobial therapy 
guides are usually followed in our setting, speeifie drugs 
are not registered in many cases of infeetion preeipitated 
DKA. Twenty nine episodes of OKA (30%) were 
preeipitated by omission of insulin administration and 
nine more (9%) by dietary transgressions. OKA was the 
initial manifestation of diabetes in seven patients. Other 
preeipitating causes like panereatitis, isehemie heart 
disease, alcohol ingestion, immunologieal resistanee to 
insulin or steraid use were present in 8% of cases. No 
preeipitating event eould be identificd in 5% of cases. On 
admission, patients were alert in 72 cases (72%), lethargie 
in 20 (20%) and stuporous in 8 (8%). The average 
duration of hospitalization was 7 days. 

Table 2 shows the bioehemieal ahnonnalities upon 
admittanee, eompared with previous reports from 
Kitabehi (6) and Foster (7). Table 3 shows the type of 
acidosis aeeording to the .c.Gap/.c.HC03 quotient upon 
admittanee, eompared with the results reported by 
Adrogue (8). The average anion gap found in our series 
was 30.4. When we compare series, we can see that 
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metabolie disturbanees show a different pattern, the 
pereentage of nonnoehloremie acidosis being higher in 
our cases (67%) and rnixed acidosis being lower (25%). 
On admission, serum eleetrolytes werefound 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 nonnal (3.5 - 5.3 mEq/l) in 70%, high in 
16.4% and low in 13.4%. Finally, ehloride was found to 
be normal in 71.4%, high in 18.3% and low in 10.2% of 
all cases. 

Most patients were managed aeeording to aeeeptcd 
reeommendations, they had isotonie solutions during the 
first hour of admissian, then aeeording to cleetrolyte 
losses, hypotonie or isotonie fluids and potassium (20 -
40 mEq/I) were eontinued for the next eight hours. 
Insulin therapy with an initial 1. V. bolus of 10 units is 
started at the beginning oftreatment, then 51. V. units are 
given eaeh hour until the glyeemia reaehes 250 mg/dl 
(0.1 Ulkg ofbody weight).lnsulindoses are then redueed 
to 2 units/h and subeutaneous administration of insulin 
is simultaneously started; LV. administration is stopped 
1 - 2 h later. Saline solutions are ehanged to 5% glueose 
solutions at this momen!. 

Biearbonate is given when plasma pH is less than 6.9 
(44 mEq/1 as a single dosel. This eanduet was adopted 
when we found similar resuhs when biearbonate was not 
used in a eontroIled study (9). Phosphateand magnesium 
are used only whcn their Icvels are low. 

Reported eomplieations corresponded to hypokalemia 
(five cases), hypoglyeemia (four cases), hypernatremia 
(tour cases), pulmonary edema (one case), ventricular 
fibrillation (one case), cerebro-vascular apoplexy (one 
case) and coma (one case). The great majority of deaths 
in OKA are due to eomplieations of treatment itself, 
ahhough they can be prevented by aeareful lollow-up of 
the patient's eondition. There were three deaths (6.5% 
mortality); two cases were attributcd to bronehoaspiration 
(a 39-year-old man and a 35-year-old woman) and one 
case to aeute pulmonary edema (a 61-year-old patient 
who al so developed multiple cerebral infaretions 
doeumented by CA T sean) .. 
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Laek of epidemiologieal, clinieal and bioehemieal 
data of OKA in our eountry is noteworthy. Available 
information from two or three eenters refers, mainly, to 
enIde statistie data, without referenee to sueh important 
aspeets as sorne of the clinieal or bioehemieal features 
previously mentioned (1-4). This is one of the reasons 
why we eonsider of great importanee that all eenters 
involved in the attention of diabetie patients report 
regularly all new cases ofOKA and their eharaeteristies. 

Patients in our institution are exelusivcly adults. This 
is why our series does not inelude diabetie patients 
younger than 15 years of age. The average age of our 
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group was 35 years which might explain why the 
frequency ofDKA as the initial presentation of diabetes 
mellitus is not as high (15%) as in those series which 
include pediatric subjects (20 - 25%) (10). 

We found six patients with four or more episodes of 
DKA during thestudy periodo These episodes of recurrent 
ketoacidosis have been attribuled lo various causes, such 
as inadequate metabolic control, inappropriate patient 
education, inability to prevent or identify acute orchronic 
complications of diabetes at early stages, or a certain 
predisposition todcvelop recurrentboutsofDKA (11,12). 

Regarding the frequency of DKA, it is interesting lhat 
the majorily of episodes (56.5%) occurred in 26 patienls 
whose diabetes began between 20 and 40 years of age.ln 
this group, eight patienls (30.7%) had more lhan three 
episodes of DKA. Different terms have been used to 
identify this group ofpatients, such as type 1 y, diabetes, 
intermediate diabetes, and autoimmune latent diabetes 
of lhe adult. Clinically, they are patients who share 
characteristics from type 1 and type Il diabetes. This 
intermediate behavior may complicate both their 
classificalion and lhe choice of treatment (13-15). We 
believe these patienls ShUllld be put earl)' on insulín 
lherapy in arder to avoid recurrent DKA and late stage 
complications. In one prospeclive sludy performed at 
our institutc lo idcntify nOIH.;lassifiablc paticnts (as 
being type 1 or type lI), we found that 72% corresponded 
lo nn intermcdialc typc af diabetes and 12% had an 
episode of DKA during the study periodo This figure 
emphasizes the need af early treatmenl with insulin to 
obtain a good metaboliecontrol in this group of diabetics 
(16). From the other groups, 35% ofthe classical 100M 
had an episode ofOKA while in the group with NIODM 
there were four episodes (8.7%). lt is clear from the 
aboye data that OKA is not an exclusive complication of 
type 1 diabetes. 

As in other series reported in the litemture (1 0,17-19), 
the mosl frequefit precipitating factor foundin our group 
was infection, specifically UTlbeing the most prevalen!. 
The second most frequent cause of O KA was lack of 
adherence to insulin treatment and dietary 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. AIthough on 
admission, mean serum sodiuffi and potassium lcve]s 
were normal, they were low, high or nonnal in particular 
cases. This should be considered when decisions are 
made abOlIl the type of solution, electrolyte additions 
and insulin schedule. 

The metabolic acidosis found in DKA is characterized 
by an incrcmcnt in the anion gap. In ollr series. it was 
30.4, which is similar to the observed reduclion in 
bicarbonate leve!. However, man)' 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 
series with Adrogue's (Table 3), we can see that 33% of 
our patients (54% in Adrogue's series) had hyper
chloremic metabolic acidosis. This finding of 
hyperchloremic acidosis may reveal a more gradual 
installation ofthe initial metabolic derangement or other 
acid-base disturbances. 

We had three deaths in our series, which represent a 
7% mortality rateo This figure is lower than that reported 
by olher series which include aduIts 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, mortality in patients under 50 
years was 2 to 7%, whilc it was 12 t043% in patients over 
age 50 (1). Mortality rates, in aduIt patients, seems to 
rellect the presence of concomitant diseases (myocardial 
infarction, pancreatitis, etc.) rather than a different 
behavior 01' OKA itself. This may be lhe reason why 
death rates do not change significantly when comparcd 
with retrospective reviews or cohort-compared series 
(22). 

In conclusion, characleril.ing the epidemiological 
fcaturcs, dinic!11 findings~ alld biochemical fcaturcs of 
OKA provides us with useful elements for future 
therapeutic strategies planning. Future studies can be 
dcsigned to evaluate the changes in morbidily and 
mortality obtained with prospective specifically 
implemented stralegies. As more infonnation is generated 
about the clinical characterislics ofthe Mexican diabetic 
population, il will be possiblc not to use informalion 
gelleratcd in other 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 
freguency of OKA as the initial presentation of diabetes 
mellitus is not as high (15%) as in those series which 
include pediatric subjects (20 - 25%) (10). 

We found six patients with four or more episodes of 
O KA during the study periodo These episodes of recurrent 
ketoacidosis have been attributed to various causes, such 
as inadeguate metabolic control, inappropriate patient 
education, inability to prevent or identify acute orchronic 
complications of diabetes at early stages, or a certain 
predisposition todevelop recurrent boutsofOKA (11,12). 

Regarding the freguency ofOKA, it is interesting that 
the majority of episodes (56.5%) occurred in 26 patients 
whose diabetes began between 20 and 40 years of age. In 
this group, eight patients (30.7%) had more than three 
episodes of OKA. Oifferent terms have been used to 
identify this group of palients, such as type I y, diabetes, 
intennediate diabetes, and autoimmune latent diabetes 
of the adulto Clinically, they are patients who share 
characteristics from typc 1 and type " diabetes. This 

'intermediate behavior may complieate both their 
classification and the choice of treatment (13-15). We 
bclieve these patients shou!d be put carly on insulin 
therapy in order to avoid recurrent OKA and late stage 
complications. In one prospective study pcrfonncd at 
oür institutc to idcntify non-classifiable paticnts (as 
being type I or typc 11), we found that 72% corresponded 
to an intermediate typc of diabetes and 12% had an 
episodc of OKA during the study periodo This ligure 
emphasizes the need of early treatment with insulin to 
obtain a good metaboliccontrol in this group of diabetics 
(16). From Ihe other groups, 35% of the classical 100M 
had an episode of DKA while in Ihe group wilh NIODM 
there were four episodes (8.7%). It is clear from the 
above data that DKA is not an exclusive complication of 
type 1 diabetes. 

As in other series reported in the Iiterature (1 O, 17 -19), 
the most freguent prccipitaling factor found in ourgroup 
was infection, speeifically UTI being the most prevalent. 
The second most freguent cause of DKA was lack of 
adherence to insulin trealment and dielary transgressions, 
two elements tradilionally associated wilh the apearance 
of both acute (20) and ehronie (21) complications of 
diabetes. 

When eomparing our data wilh those from Kilabchi 
and Foster (Table 2), wc 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 eonsidered when deeisions are 
made abollt the type of solution, elcctrolyle addilions 
and insulin schedule. 

The metabolic acidosis found in DKA is characterized 
by an incrClllcnt in lhe anioll gap. In Ollr series, it was 
30.4, which is similar lo the observed rcduction in 
bicarbonate leve\. Howcvcr, lIlany patients with DKA 
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may deviate from this pattern and present varying degrees 
of anion-gap and hyperehlorcmic metabolic acidosis as 
coexistent medical problems. When we compare our 
series with Adrogue's (Table 3), we can see that 33% of 
our patients (54% in Adrogue's series) had hyper
ehloremic metabolic acidosis. This finding of 
hyperchloremic acidosis may reveal a more gradual 
instal1ation ofthe initial metabolic derangement or other 
acid-base disturbances. 

We had three deaths in our series, whieh represent a 
7% mortality rate. This figure 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 OKA. In a 
review of various series, mortality in patients under 50 
years was 210 7%, while it was 12 t043% in patients over 
age 50 (1). Mortality rates, in adult patients, seems to 
rellect the presenceof concomitantdiseases (myocardial 
infarction, pancreatitis, cte.) mther than a differcnl 
behavior of DKA itself. This may be Ihe reason why 
death mtes do not change significantly when compared 
with retrospective reviews or cohort-compared series 
(22). 

In conc1usion, characterizing the epidemiological 
features, clinical lindings, and biochemical features of 
OKA provides us with useful elements for future 
therapeutic slrategies planning. Future studies can be 
dcsigncd to evaluate the changes in morbidity and 
mortality obtained with prospective specifically 
implemented slrategies. As 1Il0re information is genemled 
about the clinical characteristics ofthe Mexican diabetic 
population, it will be possible nol to use information 
generated in other populations which, in the great majorily 
of cases, ha ve important differences wilh ourS. 
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