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Abstract

pacing in the patient.

imperative to achieve the optimal clinical outcome.

Background Diabetic ketoacidosis (DKA) is a serious, life-threatening condition known for its profound hydro
electrolytic disturbances and multiple complications, including cerebral edema and circulatory collapse. While this
complication is traditionally associated with patients suffering from type 1 diabetes, numerous studies have docu-
mented its non-negligible incidence in type 2 diabetics. However, conductive disorders that manifest during its
course, such as sinus arrest, are poorly reported and can be life-threatening on their own when not promptly recog-
nized and treated. The primary objective of this report is to increase awareness regarding the uncommon conduction
complications associated with diabetic ketoacidosis, even in the absence of overt hyperkalemia, and to underscore
the critical significance of early diagnosis and prompt intervention in managing these complications.

Case presentation We present the case of a middle-aged man with past history of type 2 diabetes whose symptoms
included asthenia and consciousness disorder concomitant with ketoacidosis decompensation. Electrocardiogram
(ECG) revealed the presence of sinus arrest with ventricular escaping rhythm. Rapid management of the diabetic
decompensation led to spontaneous restoration of normal sinus rhythm, thus obviating the necessity for permanent

Conclusions Atypical complications arising during ketoacidosis decompensation, including conditions like sinus
arrest, are frequently overlooked and tend to carry a guarded prognosis. Proper recognition and prompt treatment are
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Introduction

Diabetic ketoacidosis (DKA) is a frequent acute compli-
cation of diabetes mellitus, characterized by the com-
bination of hyperglycemia, hyperketonemia, metabolic
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acidosis, and subsequently other electrolyte disturbances,
such as hyponatremia, dyskalemia, and acute renal fail-
ure [1]. Although diabetic ketoacidosis predominantly
manifests in individuals afflicted with autoimmune type
1 diabetes, it is noteworthy that a considerable propor-
tion of documented DKA instances pertain to patients
with type 2 diabetes, constituting no less than one-third
of the cumulative reported cases [2, 3]. If life-threatening
complications like hypovolemia and cerebral and pul-
monary edema are anticipated in the first place, several
others are underestimated and poorly reported in the
current literature, among these are conduction disorders
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[4], which can be explained by the negative chronotropic
effect of protons on nodal cells and the potentiation of
hyperkalemia within the same tissue [5, 6]. We report a
rare case of middle-aged man who presented sympto-
matic sinus arrest concomitant with diabetic ketoacido-
sis decompensation returning to sinus rhythm once the
acute metabolic disorder is controlled.

Case presentation

In a 51-year-old man with a 7-year history of type 2 dia-
betes on oral antidiabetic drugs (Metformin 500 mg b.i.d)
who had been previously hospitalized twice for ketoaci-
dosis decompensations, the first occurrence was in April
2018 and was attributed to a severe pulmonary infection,
while the second decompensation took place in August
2020 when the patient abruptly discontinued his treat-
ment and lifestyle management, presented to the emer-
gency department for fluctuating sluggishness, asthenia,
diffuse abdominal pain, and vomiting. At the time of
arrival, antidiabetic medication consisted solely of met-
formin 500 mg twice a day, without any other hypoglyce-
mic treatment. The baseline glycated hemoglobin (Alc)
level was 8.7%.

Four days before his presentation, the patient experi-
enced urinary burning with fever. Clinical examination
on admission found a somnolent patient, febrile with
body core temperature of 38.1 °C, polypneic at 27 breaths
per minute with correct room air saturation SpO2: 98%,
and his blood pressure figures were 97/61 mmHg and
heart rate varying between 20 and 40 bpm with no signs
of heart failure or peripheral hypoperfusion. The patient’s
weight was 89 kg, and height was 171 cm, resulting in a
body mass index of 30.4 kg/m?. Cardiac, pulmonary, and
arterial auscultations were unremarkable. Abdominal
examination found diffuse tenderness without specific
localization of pain or hepatosplenomegaly; the hernial
orifices were free. Other systemic examinations were
normal.

The blood analysis in emergency room showed hyper-
glycemia at 6.1 g/L, acetone (3+), and urinary glucose
(2+) were detectable with urine dipsticks; in addition, a
blood gas analysis revealed a metabolic acidosis with high
anion gap (Table 1). Inflammation markers were elevated
(white blood cells: 15,500/uL, neutrophils: 12,400/uL,
C-reactive protein: 117 mg/dL, procalcitonin: 1.5 pg/L),
normal lactate levels were observed, and there were no
abnormalities detected in liver, thyroid, and renal func-
tions (Table 1). The diagnosis of ketoacidosis decompen-
sation was confirmed, and an investigation into potential
triggering factors commenced. The initial ECG revealed
sinus arrest accompanied by a ventricular escape rhythm
exhibiting fluctuations in heart rate between 20 and
40 bpm (Fig. 1).
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Table 1 Biological parameters on admission to emergency room

Variable Result
Sodium (mmol/L) 136
Potassium (mmol/L) 53
Chloride (mmol/L) 96
Calcium (mg/dL) 10.7
Blood glucose (mg/dL) 6.1
Serum bicarbonate (mmol/L) 17
Urea (g/L) 0.36
Creatinine (mg/L) 116
ASAT (U/L) 24
ALAT (U/L) 19
GGT (U/L) 35
Lactates (mmol/L) 1.2

pH 7.24
pO2 (mmHg) 122
pCO2 (mmHQ) 31
Anion gap 287
CRP (mg/dL) 117
Procalcitonin (ug/L) 1.5
TSH (mIU/L) 36
FT4 (ng/dL) 1.1
White blood cells (/uL) 15,500
Neutrophils (/uL) 12,400
Hemoglobin (g/dL) 14.1
Platelets (/uL) 212,000

The patient underwent prompt medical intervention,
including intravenous (IV) administration of saline solu-
tion for parenteral rehydration, insulin therapy tailored
to body weight as per the diabetic ketoacidosis protocol,
aiming at correcting acidosis and averting hypokalemia.
While the implantation of endocavitary cardiac pacing
was considered, the patient received a single bolus of
0.06-mg IV isoproterenol to prevent extreme bradycardia
and maintain proper cerebral perfusion. Noteworthy, the
improvement in the patient’s conduction abnormalities
became evident within the first hour of medical manage-
ment, leading to the restoration of a regular sinus rhythm
as evidenced by the ECG (Fig. 2). The transthoracic echo-
cardiography did not reveal any significant abnormalities.

The clinical course was characterized by the full
restoration of the baseline level of consciousness,
improvement in hemodynamic parameters, and a sus-
tained return to a regular sinus rhythm, as illustrated
in Fig. 3. The identification of Escherichia coli as a
triggering factor led to the administration of intrave-
nous ceftriaxone for the treatment of a urinary tract
infection. Subsequently, the patient was referred to the
endocrinology department where he received thera-
peutic education and modification to his antidiabetic
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Fig. 1 Initial ECG showing sinus arrest with ventricular escape rhythm

Fig. 2 Spontaneous return to sinus rhythm

treatment; the patient was switched to an insulin
basal-bolus regimen in combination with metformin
500 mg t.i.d. and subsequently discharged to continue
recovery at home on the fifth day of hospitalization.

One week following the initial assessment, a com-
prehensive review was conducted. During this follow-
up, the patient’s vital signs, including heart rate, blood
pressure, respiratory rate, and temperature, remained
stable within normal ranges. Electrocardiography
results continued to show a regular sinus rhythm.
Additionally, a coronary angiography was conducted,
yielding normal results, and laboratory assessments
indicated normal levels of electrolytes, blood glucose,
and well-maintained renal and hepatic functions.
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Discussion

This case serves as confirmation that diabetic ketoaci-
dosis can manifest as a disturbance in consciousness
primarily attributed to conduction disorders, as exem-
plified by the occurrence of sinus arrest in our particular
case. Sinus arrest (also known as sinoatrial arrest or sinus
pause) is defined by a total cessation of electric impulses
originating from the sinus node; although asymptomatic
arrests less than 3 s can occur in normal people, espe-
cially in athletes or during the sleep, arrest longer than
3 s may be associated with symptoms and related to
sinus node dysfunction [7]. While several etiologies of
this condition have been identified and categorized into
two main groups, intrinsic (e.g., myocardial infarction,
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Fig. 3 Clinical and biological parameters evolution

idiopathic degenerative fibrosis, cardiac remodeling, and
infiltrative heart diseases) and extrinsic (e.g., endocrine,
metabolic, drug-induced, and toxic causes), metabolic
acidosis remains a presumed yet poorly elucidated etiol-
ogy, thus accentuating the significant value of this case
report, taking into consideration that our patient had a
potassium level at the upper limit and a clear-cut meta-
bolic acidosis [8].

The association of metabolic abnormalities, par-
ticularly acidosis, with conduction disorders during

ketoacidosis is a scarcely described phenomena in litera-
ture. Manappallil and Nambiar reported a case involving
a 58-year-old diabetic female who was diagnosed with
diabetic ketoacidosis and acute kidney injury. The patient
presented with a severe metabolic acidosis (pH of 7.04)
and hyperkalemia (8.5 mEq/L). The electrocardiogram
(ECQ) revealed sinus bradycardia progressing rapidly
to asystole, resulting in cardiac arrest that was success-
fully resuscitated. The patient exhibited a favorable out-
come following treatment under diabetic ketoacidosis
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protocols, avoiding the need for pacemaker implanta-
tion [9]. A similar observation of reversibility with medi-
cal treatment was made by Anno and his colleagues who
reported the case of a 73-year-old woman with a cardiac
pacemaker, experiencing sinus dysfunction concomitant
with diabetic ketoacidosis decompensation [10]. Ziliotto
described a total atrioventricular block occurring dur-
ing the course of diabetic ketoacidosis decompensation,
which resolved to sinus rhythm within months of insulin
therapy [11].

In a report encompassing two case studies, Goto and
his colleagues underscored the profound metabolic
acidosis experienced during euglycemic DKA among
patients treated with sodium-glucose cotransporter-2
inhibitors (SGLT2is). The second case featured a loss of
consciousness and a protracted episode of sinus arrest
necessitating the temporary placement of a cardiac
pacemaker. Notably, the return to spontaneous sinus
rhythm occurred promptly following the successful
correction of acidosis and the normalization of serum
B-hydroxybutyrate levels [12].

Concerning sinus arrest, its occurrence as a result of
electrolyte disturbances is a rare condition, taking into
account that the cells of the sinoatrial node are relatively
more resistant to hydro-electrolyte disturbances, unlike
the less stable atrial or ventricular ones, yet sudden sinus
arrest could take place without any other prior symptoms
or electrocardiographic signs [5, 13].

Different hypotheses have been suggested to explain
the effect of acidosis on nodal cells; the first one is the
direct negative chronotropic effect of the acidosis, and
this phenomenon is attributed to the protonation of ionic
channels. The other mechanism is the potentiation of
hyperkaliemia; the increased concentration of potassium
due to the movement from cells in exchange for hydro-
gen ions depresses the automaticity of sinoatrial node
cells, and the disappearance of sinoatrial waves is usually
seen when serum potassium exceeds 8.0 mEq/L [5, 6].

First-line management for patients presenting con-
firmed sinoatrial arrest is permanent pacemaker place-
ment with atrial-based pacing, yet investigation for
secondary etiology is essential as this disorder may dis-
appear with the correction of its cause. In our case, the
restoration of euvolemia end electrolyte equilibrium
resulted in sinus rhythm restoration [7, 8].

Conclusions

Diabetic ketoacidosis remains a common emergency
necessitating prompt diagnostic and therapeutic inter-
vention. While altered consciousness is frequently attrib-
uted to cerebral edema, it may also be associated with
cerebral hypoperfusion resulting from conduction disor-
ders, such as sinus arrest, as seen in our case. Therefore,
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clinicians should remain vigilant regarding this clini-
cal presentation and refer to contemporary literature to
ascertain the optimal management approach.

Abbreviations

DKA Diabetic ketoacidosis

ECG Electrocardiogram

SpO2  Peripheral oxygen saturation
cpm Cycle per minute

bpm  Beat per minute
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