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Abstract:

Objective The importance of antimicrobial stewardship is increasingly highlighted in this age of antimicro-
bial resistance. A better comprehension of adverse drug events (ADEs) can promote the appropriate use of
antibiotics. We aimed to quantify the incidence of ADEs associated with broad-spectrum systemic antibiotics
in a hospital setting.

Methods We conducted a six-month prospective, observational study at Osaka University Hospital to de-
scribe the incidence of ADEs in patients hospitalized in general wards undergoing treatment with broad-
spectrum antibiotics [carbapenems, piperacillin/tazobactam (PIPC/TAZ), and anti-methicillin-resistant Staphy-
lococcus aureus agents]. The occurrence of ADE was defined as any cardiac, gastrointestinal, hepatobiliary,
renal, neurologic, hematologic, dermatologic, or musculoskeletal manifestation after 48 hours or more of sys-
temic antibiotic therapy.

Results The 3 most frequently prescribed antibiotics were PIPC/TAZ (242 cases), meropenem (181 cases),
and vancomycin (92 cases). Of 689 patients, 118 (17.1%) experienced ADEs, including gastrointestinal
(6.4%), hepatobiliary (4.2%), dermatologic (2.5%), and renal (2.3%) manifestations. Patients treated with
PIPC/TAZ, meropenem, doripenem, vancomycin, daptomycin, and teicoplanin developed ADEs at rates of
20.7%, 16.0%, 15.4%, 19.6%, 11.8%, and 10.9%, respectively.

Conclusion Our study provides a quantitative value for the incidence of ADEs associated with broad-
spectrum antibiotics in clinical practice. To optimize patient safety, clinicians need to be aware of the risks
associated with antibiotic administration.
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improper targets (colonization or contaminations), and treat-

Introduction

The development of antibiotic therapy represents a signifi-
cant medical achievement that is integral to modern medi-
cine. At present, about half of hospitalized patients undergo
at least 1 antibiotic treatment during their admission (1),
which is estimated to be unnecessary in 20-30% of these pa-
tients (2). The reasons for overprescribing antibiotics include
inappropriate medical indications (noninfectious diseases),

ment durations that are longer than generally recommended.
In addition to concerns over the emergence of antimicrobial-
resistant organisms (3), the excessive use of antibiotics can
provoke adverse consequences.

Adverse drug events (ADEs) are clinically significant is-
sues relating to any antibiotic prescription. The avoidance of
ADEs is critical in hospitalized patients who are generally
ill with various clinical complications. To minimize
antibiotic-associated ADEs, an estimation of their incidence
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Table 1.

Criteria for Antibiotic-associated Adverse Drug Events.

Categories

Definition

Gastrointestinal

Diarrhea;>3 times of loose stools per day associated with antibiotic administration and documented as “diarrhea” in the

medical record. Nausea and vomiting; documented as antibiotic-associated “nausea and/or vomiting” in the absence of an

alternate explanation
Hematologic

Anemia (hemoglobin level <10 g/dL), leukopenia (white blood cell count <4,500 cells/uL), or thrombocytopenia (platelet

count <150x103/uL) with levels below patient’s baseline and in the absence of bleeding or myelosuppressive therapies

Hepatobiliary

Cholestasis (total bilirubin level >3 mg/dL) or transaminitis (aspartate transaminase or alanine transaminase level >3

times patient’s baseline) in the absence of existing hepatobiliary disease or recent biliary instrumentation

Renal

Increase in serum creatinine level >1.5 times patient’s baseline in the absence of precipitating factors for acute kidney

injury such as sepsis or the receipt of intravenous contrast or other nephrotoxic agents

Neurologic
related toxic effects, or infectious syndromes

Dermatologic

Altered mental status, peripheral neuropathy, or seizures in the absence of preexisting neurologic conditions, substance-

Rash, temporally associated with antibiotic administration with resolution on antibiotic discontinuation
QTc >440 ms in males or >460 ms in females in the absence of preexisting arrhythmias, based on 22 electrocardiograms
Acute onset of respiratory compromise, hypotension, or end-organ dysfunction within minutes after initiation of

Increase in creatine phosphokinase level >5 times patient’s baseline, in the absence of existing myopathy or statin use
Clinical signs and symptoms consistent with C. difficile infection in the setting of a positive testing result for C. difficile

Cardiac
Anaphylaxis
antibiotic administration, in the absence of an alternative explanation
Myositis
Clostridium difficile
infection toxins

Defined by referring to the previous literature with minor changes [2]

is essential, but studies regarding the prevalence of
antibiotic-associated ADEs in actual clinical practice have
been insufficient. Previous studies were based on administra-
tive databases alone and limited to a single infectious syn-
drome (4) or antibiotic class (5, 6). A comprehensive analy-
sis of the ADE incidence among hospitalized patients was
performed only recently in a study that was limited to a sin-
gle facility (2).

In the present study, we aimed to evaluate the incidence
of antibiotic-associated ADEs using actual clinical data from
our hospital, focusing on patients receiving broad-spectrum
antibiotics.

Materials and Methods

This observational study was conducted at Osaka Univer-
sity Hospital, a 1,086-bed tertiary care facility in Japan. The
need for informed consent was waived since the data were
anonymized for antimicrobial stewardship activities.

The clinical data from patients administered broad-
spectrum antibiotics between January and June of 2018 (six
months) were collected from digital records. We defined
broad-spectrum antibiotics as carbapenems (meropenem,
imipenem, doripenem, biapenem), piperacillin/tazobactam
(PIPC/TAZ),
aureus (MRSA) drugs (vancomycin, teicoplanin, daptomy-
cin, linezolid, and arbekacin). The use of topical or inhaled
antibiotics was excluded. A daily case conference was held
on the validity of using broad-spectrum antibiotics at the Di-
vision of Infection Control and Prevention. An infectious
disease physician and a pharmacist adjudicated all potential

and anti-methicilln-resistant  Staphylococcus

associations between data abnormalities and the antibiotics

in the context of their medical history and clinical course.
Criteria for the definition of antibiotic-associated ADEs

(cardiac, gastrointestinal, hepatobiliary, renal, neurologic, he-

matologic, dermatologic, anaphylactic, musculoskeletal
manifestations, and Clostridium difficile infection) were de-
fined based on the previous literature (Table 1) (2). Patient
data regarding these events were observed until cessation of
the antibiotic treatment. To avoid overestimating the inci-
dence of ADEs in patients who were administered multiple
antibiotics, each ADE was categorized under a single antibi-
otic based on its likelihood of causing the specific ADE, as
has been done in the recent publication (2). For example,
thrombocytopenia in a patient receiving a combination of
linezolid and meropenem was regarded as a linezolid-
associated ADE. For the analysis, we included only cases
treated in the general ward and excluded those treated in the
intensive-care units in order to avoid the possibility of multi-
ple factors leading to ADEs. Aside from an anaphylactic
event, all manifestations that developed in patients undergo-
ing 248 hours of antibiotic treatment were included.

Results

During the study period, totally, antibiotics were adminis-
tered to the patients as follows: PIPC/TAZ to 355, mero-
penem to 318, doripenem to 58, imipenem to 2, vancomycin
to 215, teicoplanin to 61, daptomycin to 63, linezolid to 29,
and arbekacin to 2. Of them, 689 (6.7%) out of 10,214 pa-
tients admitted to general ward of the hospital received
broad-spectrum antibiotics (Table 2). The median age of the
population was 61 years [interquartile range (IQR), 40-72
years], and the men-to-women ratio was 1.6 (421 to 268).

Of these 689 patients, 118 (17.1%) experienced some
type of ADE. Common manifestations included gastrointesti-
nal (6.4%), hepatobiliary (4.2%), dermatologic (2.5%), and
renal (2.3%) involvements. The most frequently prescribed
antibiotics were PIPC/TAZ (242 cases), followed by mero-
penem (181 cases) and vancomycin (92 cases). Of these,
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There was an anaphylactic

tologic (2.5%) abnormalities.

ADE:s occurred most frequently with PIPC/TAZ, manifesting
in 50 of the 242 patients (20.7%) as gastrointestinal

(10.7%), renal (4.1%), hepatobiliary (2.9%), and derma-

case associated with PIPC/TAZ administration. Patients
given meropenem developed ADEs in 29 of 181 instances
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(16.0%) classified as hepatobiliary (7.2%), gastrointestinal
(6.6%), and dermatologic (1.7%) disorders. Patients given
doripenem also developed ADEs with a similar pattern. Re-
garding anti-MRSA agents, vancomycin-induced ADEs oc-
curred most frequently (19.6%), followed by daptomycin
(11.8%) and teicoplanin (10.9%). The 3 most common
ADEs associated with vancomycin treatment were renal
(6.5%), hematologic (5.4%), and hepatobiliary (4.3%) ab-
normalities. The hematologic disorder in all five patients
treated with vancomycin was leukocytopenia. Teicoplanin-
associated ADEs were less common than vancomycin-
associated ADEs (10.9% vs. 19.6%). Daptomycin caused
myositis in two patients and linezolid-induced thrombocy-
topenia in one patient. There were no patients with cardiac
or neurological manifestations. One patient administered
meropenem developed Clostridium difficile infection.

Discussion

This study was performed under the umbrella of in-
hospital infection control activities in order to underscore
the importance of antimicrobial stewardship. Our study re-
vealed that 17.1% of patients hospitalized in the general
ward (118 of 689 cases) developed ADEs that were associ-
ated with the administration of broad-spectrum antibiotics.
This result mirrors the finding of a recent report (2), which
showed that 20% of admitted patients treated with antibiotic
therapy developed an antibiotic-associated ADE. Our study
also highlights the high incidence of antibiotic-associated
ADEs, suggesting a clinical need to reduce unnecessary
treatment with broad-spectrum antibiotics.

Each of the preceding studies addressing antibiotic-
associated ADEs had several limitations. According to a pre-
vious study based on an administrative database, only 0.45%
to 0.6% of patients hospitalized with pneumonia developed
antibiotic-associated ADEs (4). However, the results were
derived from registration data and therefore had undeniable
under-reporting of existing ADEs. Furthermore, the authors
focused only on patients with respiratory infections, so their
results cannot be fully generalized. Another study based on
a medical record review demonstrated that 27% of fluoro-
quinolone use was linked to ADEs, such as gastrointestinal
disorders (14%), colonization of multi-drug resistant organ-
isms (8%) and C. difficile infections (4%) (6). The study pe-
riod was a mere six weeks, and the authors focused only on
fluoroquinolone use, limiting the versatility of the data.

In general, hospitalized patients are more vulnerable to
ADE:s than outpatients for several reasons. First, inpatients
usually undergo intravenous antibiotic therapy at higher
doses than oral regimens, possibly leading to a high inci-
dence of ADEs (7). Second, the combined use of multiple
medications is more frequent in inpatients than in outpa-
tients, potentially resulting in interactive drug reactions (8).
Third, inpatients are generally older with multiple underly-
ing diseases and decreased drug excretion (9). However, we
should be mindful of antibiotic-associated ADEs in the out-

patient cohort as well. According to a previous study assess-
ing the frequency of drug-related adverse events in emer-
gency department visits, antibiotic prescriptions accounted
for 19.3% of cases (10). Thus, it is important to recognize
that antibiotics introduce a potential risk of ADEs with high
frequency in any medical situation.

Our study has the advantage of being relevant to the sci-
entific community. In contrast to previous studies, we per-
formed the present study in a prospective manner by focus-
ing on the occurrence of broad-spectrum antibiotic-
associated ADEs as part of the Antimicrobial Stewardship
Program. However, several limitations should also be men-
tioned. First, the single-center nature of the miscellaneous
patient population should be considered when generalizing
the results to other medical settings. Second, reviewing
medical charts may have led to an underestimation of ADE:s,
although we believe this approach is more appropriate and
reliable than using an administrative database, which in-
cludes the possibility of miscoding. Conversely, the number
of antibiotic-associated ADEs may have been overestimated
because cases of ADEs caused by non-antibiotic drugs were
also considered. Third, the case numbers were relatively few,
and a more accurate estimate would be obtained from a
larger-scale study. Fourth, other clinically common ADE:,
including drug fever and eosinophilia, were not included in
the study criteria. Finally, data on the treatment duration
were lacking.

Collectively, the overall incidence rate of broad-spectrum
antibiotic-associated ADEs was 17.1% for patients hospital-
ized in the general ward. Due to their varied manifestations,
antibiotic-associated ADEs are often under-recognized by
clinicians. However, the occurrence of antibiotic-associated
ADESs cannot be ignored for inpatients, as they pose a high
clinical burden for this patient group. To optimize patient
safety, infection control practitioners and clinicians should
pay close attention to ADEs as part of their antimicrobial
stewardship activities.
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