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Abstract
Ceftriaxone and lansoprazole are commonly used in clinical settings, but recent analyses indicate a
potential risk for QTc prolongation and cardiac events when used together. This case series examines three
patients from a cohort of sudden death cases at a single institution over a decade, who received both
medications within 24 hours before death. Three cases were identified, each with contributing factors for
cardiac arrhythmias. The results underscore the importance of monitoring and possibly avoiding this drug
combination in patients at risk of QT prolongation, pending further investigation into the underlying
mechanisms.
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Introduction
Ceftriaxone is a third-generation cephalosporin antibiotic widely used in various settings, primarily for
pneumonia and urinary tract infections [1-3]. Lansoprazole, on the other hand, is a proton pump inhibitor
(PPI) frequently used in routine clinical practice [4-6]. According to a systematic review, lansoprazole
accounts for approximately 9% of PPI use across 23 countries [7]. Therefore, it is common for patients
already taking lansoprazole to acquire an acute infection and be treated with ceftriaxone [6,8].

A recent large-scale data analysis in the United States has suggested the possibility of a 0.12 ms
prolongation of the QTc interval exclusively when lansoprazole and ceftriaxone are used together. The QT
prolongation effect is not observed with other PPIs or third-generation cephalosporins and is presumed to
manifest exclusively when the aforementioned drugs are combined. The precise mechanism underlying this
phenomenon remains elusive but is speculated to involve the blockade of the human ether-a-go-go-related
gene (hERG) channel [9]. The hERG channel is present in cardiac cells and regulates the electrical activity of
the heart by expelling potassium ions (K⁺). Lansoprazole can inhibit the function of the hERG channel. When
ceftriaxone and lansoprazole are used together, lansoprazole binds to the hERG channel, enhancing its
inhibitory effect. Lorberbaum et al. conducted electrophysiological tests and confirmed the prolongation of
the QT interval, but the molecular mechanism remains unclear [9]. Potential mechanisms might involve a
chemical interaction between the two compounds, cooperative binding to the channel, or an indirect effect
mediated by proteins associated with hERG [9]. Based on this hypothesis, a retrospective observational study
was conducted in 13 Canadian hospitals involving 31,152 patients administered ceftriaxone, and it was
reported that the lansoprazole group had a significantly higher frequency of ventricular arrhythmias or
cardiac arrest compared to the group taking other PPIs (3.4% vs. 1.2%) [6]. In a study using a large-scale
database in Japan, Mitsuboshi et al. reported that the concomitant use of ceftriaxone and lansoprazole
increases the risk of ventricular arrhythmias and cardiac arrest [8]. However, this large-scale retrospective
observational study has limitations, such as not being able to identify on which day adverse events occurred
after ceftriaxone administration, lack of electrocardiogram (ECG) data, and a lack of verification of
hypomagnesemia, which could cause QT prolongation. The hypothesized relationship between QT
prolongation, sudden death, and the combined use of ceftriaxone and lansoprazole has only just begun to be
examined. However, given the frequency of use of the relevant drugs and the severity of outcomes, further
detailed investigation is deemed necessary. This case series was conducted to clarify the characteristics of
cases of sudden death due to the combined use of ceftriaxone and lansoprazole, including ECG examinations
at the time of hospitalization and the timing of occurrence.

Case Presentation
Methods
From October 2013 to September 2023, patients who were hospitalized in the Department of General
Medicine at Nerima Hikarigaoka Hospital and died in hospital were evaluated. As there are no established
definitions for cardiac arrest or unexpected in-hospital sudden death [10,11], sudden death was defined in
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this study as meeting all of the following six criteria: no circulatory failure (blood pressure maintained
without vasopressors) or respiratory failure (oxygen supplementation satisfied with ≤4 L/min) at 6 h before
death; no exacerbating acute illnesses; no witnessed choking, aspiration, or airway obstruction; not in the
terminal stage of malignancy or chronic diseases; not under palliative care; and first found in a state of fatal
arrhythmia (ventricular fibrillation {VF}, pulseless ventricular tachycardia {VT}, or torsade de pointes) or
cardiac arrest. From among the cases that experienced sudden death, those who had been administered
ceftriaxone and lansoprazole within 24 h before death were selected, and the following information was
collected: age, sex, underlying diseases, admission illness, ECG findings at admission, main clinical course
before death, risk factors for ventricular arrhythmias (coronary artery disease, previous myocardial
infarction, and heart failure with maintained or reduced ejection fraction), cardiomyopathy, history of
ventricular arrhythmias or cardiac arrest, chronic kidney disease (CKD), electrolytes (potassium, calcium,
and magnesium), and all medication history including drugs that may increase the risk of ventricular
arrhythmias as per the American Heart Association [12]. Calcium values were measured by biochemical tests
and adopted values were corrected for albumin. QT prolongation was defined as values exceeding the 99th
percentile (470 ms for males and 480 ms for females) [13]. Data collection was conducted and checked by HT
and NT. This study was approved by the Ethics Committee of Nerima Hikarigaoka Hospital (#23122101).

Result
Among 146 cases considered as sudden death, three cases were identified where ceftriaxone and
lansoprazole were used in combination. The main clinical information is presented in Table 1, and the
clinical courses of the three cases are described below.

Age

(years)
Sex Underlying conditions Admission diagnosis Electrocardiogram on admission

QTc interval on the

electrocardiogram

at admission (ms)

Latest

electrolyte

panels before

sudden death

QT-

prolonging

drugs

Period of

ceftriaxone

usage

(days)

Initial

electrocardiogram

at the time of

sudden death

81 Male

End-stage kidney disease,

paroxysmal atrial fibrillation, angina

pectoris

Community-acquired

pneumonia, pneumonia-

associated pleural

effusion

Sinus rhythm, 79 bpm, flat T waves in leads I

and Ⅱ, left anterior fascicular block, prolonged

QT interval

0.508

K 3.8 mmol/L,

Ca 10.0 mg/dL,

Mg not

confirmed

Trazodone

50 mg/day
14

Pulseless electrical

activity

79 Female
End-stage kidney disease, atrial

flutter, myocardial infarction

Embolic cerebral

infarction, aspiration

pneumonia

Atrial fibrillation, 63 bpm, left posterior

fascicular block, flat T waves in leads V5 and

V6

0.429

K 2.8 mmol/L,

Ca 9.6 mg/dL,

Mg 2.3 mg/dL

None 10 Asystol

88 Female

End-stage kidney disease,

hypothyroidism, hypertension, sick

sinus syndrome (pacemaker

implantation)

Acute pyelonephritis

Sinus rhythm, 57 bpm, complete right bundle

branch block, negative T waves in leads III,

and aVF, abnormal Q waves in lead aVL

0.475

K 4.6 mmol/L,

Ca 9.9 mg/dL,

Mg 9.9 mg/dL

None 4
Pulseless electrical

activity

TABLE 1: Patient characteristics, clinical information, electrocardiographic findings, and
laboratory tests in three cases of sudden death during concurrent use of ceftriaxone and
lansoprazole.

Case 1
An 81-year-old male with end-stage kidney disease (ESKD), paroxysmal atrial fibrillation, angina (history of
percutaneous coronary intervention {PCI}), duodenal ulcer, lumbar compression fracture, and depression
was on ceftriaxone (2 g/day for 14 days) for suspected pneumonia-associated pleural effusion. Upon
admission, the patient's ECG revealed the following findings: sinus rhythm with a heart rate of 79 bpm, flat
T waves in leads I and II, left anterior fascicular block, and a prolonged QT interval of 0.508 ms (Figure 1). He
was stable with SpO2 at 92% (room air) until 30 min before death but was suddenly found in a state of agonal

respiration with initial ECG showing pulseless electrical activity (PEA). The resuscitation code was “do not
resuscitate,” and he was allowed to pass away. His admission ECG QTc was 508 ms. The last dialysis was two
days before death, and on the same day, blood tests showed potassium at 3.8 mmol/L and calcium at 8.8
mg/dL with no abnormalities; magnesium was not measured (Table 2). QT-prolonging medications included
50 mg of trazodone.
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FIGURE 1: Initial electrocardiogram findings of Case 1.

Variable Latest data before sudden death Reference range

Total Protein (g/dL) 6.2 6.6-8.2

Albumin (g/dL) 2.8 3.8-5.3

Urea nitrogen (mg/dL) 42.5 8-20

Creatinine (mg/dL) 5.29 0.46-0.82

Sodium (mmol/L) 129 135-145

Potassium (mmol/L) 3.8 3.6-5.0

Chloride (mmol/L) 99 98-108

Calcium (mg/dL) 8.8 8.2-10.0

Magnesium (mg/dL) - 1.8-2.4

Glucose (mg/dL) 121 70-110

TABLE 2: Laboratory results before sudden death in Case 1.

Case 2
A 79-year-old male with ESKD, traumatic subarachnoid hemorrhage, atrial flutter, myocardial infarction
(history of PCI), and hypothyroidism was admitted for cardiogenic cerebral embolism and subsequent
aspiration pneumonia. Upon admission, the ECG of Case 2 revealed the following findings: atrial fibrillation
with a heart rate of 63 bpm, left posterior fascicular block, and flat T waves in leads V5 and V6 (Figure 2). He
was on ceftriaxone for pneumonia for 10 days (1 g/day). Until 2 h before death, he had diarrhea but stable
vital signs. He was suddenly found in cardiac arrest, with the initial ECG showing asystole. The resuscitation
code was “do not resuscitate,” and he was allowed to pass away. His admission ECG showed atrial fibrillation
with a QTc of 429 ms. The last dialysis was the day before death, and blood tests on the same day showed
potassium at 2.8 mmol/L, corrected calcium at 9.6 mg/dL, and magnesium at 2.3 mg/dL, indicating
hypokalemia (Table 3).
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FIGURE 2: Initial electrocardiogram findings of Case 2.

Variable Latest data before sudden death Reference range

Total protein (g/dL) 4.6 6.6-8.2

Albumin (g/dL) 2.1 3.8-5.3

Urea nitrogen (mg/dL) 71.6 8-20

Creatinine (mg/dL) 7.4 0.46-0.82

Sodium (mmol/L) 139 135-145

Potassium (mmol/L) 2.8 3.6-5.0

Chloride (mmol/L) 98 98-108

Calcium (mg/dL) 7.7 8.2-10.0

Magnesium (mg/dL) 2.3 1.8-2.4

Glucose (mg/dL) 191 70-110

TABLE 3: Laboratory results before sudden death in Case 2.

Case 3
An 88-year-old female with ESKD on maintenance dialysis, hypothyroidism, hypertension, and sick sinus
syndrome (with a pacemaker installed) was admitted for pyelonephritis and was on ceftriaxone (1 g/day) for
four days. She had increased sputum, fever (38.3℃), and decreased oxygenation (SpO2 92%, nasal 2 L/min) 2

h before death, but was suddenly found in cardiac arrest with the initial ECG showing PEA. The resuscitation
code was “do not resuscitate,” and she was allowed to pass away. Upon admission, the ECG of Case 3
revealed the following findings: sinus rhythm with a heart rate of 57 bpm, complete right bundle branch
block, negative T waves in leads III and aVF, and abnormal Q waves in lead aVL (Figure 3). The last dialysis
was two days before death, and blood tests three days before death showed potassium at 4.6 mmol/L,
corrected calcium at 8.9 mg/dL, and magnesium at 2.0 mg/dL with no significant electrolyte abnormalities
(Table 4).
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FIGURE 3: Initial electrocardiogram findings of Case 3.

Variable Latest data before sudden death Reference range

Total protein (g/dL) 5.5 6.6-8.2

Albumin (g/dL) 3.0 3.8-5.3

Urea nitrogen (mg/dL) 37.7 8-20

Creatinine (mg/dL) 8.6 0.46-0.82

Sodium (mmol/L) 138 135-145

Potassium (mmol/L) 4.6 3.6-5.0

Chloride (mmol/L) 104 98-108

Calcium (mg/dL) 8.9 8.2-10.0

Magnesium (mg/dL) 2.0 1.8-2.4

Glucose (mg/dL) 79 70-110

TABLE 4: Laboratory results before sudden death in Case 3.

Among these three cases, two had ischemic heart disease with a history of PCI, and all three were on
maintenance dialysis for ESKD. Sudden death occurred on days four, 10, and 14 after starting ceftriaxone
administration. One patient exhibited QT interval prolongation at the time of admission and was further
administered trazodone, which exacerbates QT prolongation, during the co-administration of ceftriaxone
and lansoprazole. Of the remaining two cases, one exhibited hypokalemia in a blood test performed prior to
sudden death, and the other was a female patient with a QTc interval of 0.475 ms, which is at the borderline
of QT prolongation.

Discussion
Among the 146 cases considered to be sudden deaths, three occurred while the patients were on a
combination of ceftriaxone and lansoprazole. In the analysis of these three cases, only one case exhibited
QT prolongation on the electrocardiogram upon admission. In this case, a history of trazodone
administration was confirmed. Moreover, among the remaining two cases, one showed hypokalemia in blood
tests conducted before sudden death, and the other was a female patient with a borderline QT prolongation
with a QTc of 0.475. Magnesium levels were measured in two cases, and none had hypomagnesemia. All
cases were patients with ESKD undergoing maintenance dialysis. Bai et al. showed no significant difference
in the prevalence of CKD between patients taking ceftriaxone with or without lansoprazole, and it was not a
significant factor in either univariate or multivariate analysis [8]. Due to the design of this study, it is
difficult to verify the causal relationship between all three cases occurring in ESKD patients. Although
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ceftriaxone does not require dose adjustment for renal function, some reports suggest that ceftriaxone
clearance correlates with renal function [14]. In a study by Yamada et al. on ceftriaxone encephalopathy
using a database of adverse drug events, risk factors identified included administration for more than 14
days, chronic kidney disease (CKD), female gender, and high dosage [15]. Trazodone, administered to the
patient in Case 3 also induces QT prolongation by inhibiting the hERG channel currents in a concentration-
dependent manner [16]. Therefore, it is necessary to investigate whether QT prolongation induced by the
combination of ceftriaxone and lansoprazole is more likely to occur in patients with ceftriaxone
accumulation, ESKD, or those taking trazodone.

There are some limitations in this study. First is the design of the study itself. This study did not investigate
the causal relationship between sudden cardiac death and the combined use of ceftriaxone and lansoprazole.
Instead, it aimed to elucidate the clinical progression of sudden death by leveraging the hypotheses and
findings from multicenter retrospective studies by Lorberbaum et al. and Bai et al., which suggest that this
combination may prolong the QT interval and elevate the risk of sudden cardiac death [6,9]. The risk of
sudden death due to this combination has only recently been proposed, and further verification is desirable
as the initial ECGs in this study showed asystole or PEA, and no ventricular arrhythmias, including
ventricular fibrillation, were confirmed. However, if sudden death cannot be predicted from the ECG at
admission, clinicians might need to avoid the combination. The risk of sudden death associated with this
combination has only recently been proposed. However, this case series suggests that it may not be possible
to predict sudden death from ECGs at admission, which means clinicians might need to avoid this
combination. Due to the retrospective nature of the chart review and the fact that some patients were stable
and not ECG monitored, we were unable to obtain ECG recordings prior to the transition to cardiac arrest.
Despite establishing strict criteria for sudden death to maintain the validity of the study, the initial ECGs
obtained were of cardiac arrest or PEA, with no observed instances of ventricular fibrillation or torsades de
pointes, suggesting the need for further verification. The third limitation is the difference in the frequency
of lansoprazole use, which is believed to vary somewhat by country, region, and medical facility. In Japan,
where this study was conducted, lansoprazole is the only PPI available as an orally disintegrating tablet,
making it the second most used PPI due to its ease of use in older adults [17,18]. Conversely, it is less used in
Europe, and according to Bai et al., lansoprazole accounted for only 12% of all PPIs in Canada [6].

Conclusions
In conclusion, the three cases of sudden death under the combination of ceftriaxone and lansoprazole each
had an underlying factor that could cause QT prolongation. In two cases, QT prolongation was not observed
at the time of admission, and it might not be predictable from the pre-medication ECG, suggesting that
clinicians should avoid this drug combination until the characteristics of this potentially lethal adverse event
are clearly understood.
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