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Abstract Our case describes a 77-year-old, African

American male who was experiencing recurrent hypo-

glycemic episodes, which resulted in two emergency

department (ED) visits and a subsequent inpatient admis-

sion during his second ED visit. He was prescribed line-

zolid 600 mg twice daily for 14 days for the treatment of a

Staphylococcus hominis urinary tract infection. Nine and a

half days into therapy, the patient began having recurrent

hypoglycemic episodes. These episodes persisted despite

repeated intravenous dextrose boluses. The patient’s line-

zolid was discontinued during the second day of his inpa-

tient admission. After a brief lag period after the final

linezolid administration, the patient’s blood glucose level

stabilized within normal limits. He was later discharged

home. The Naranjo scale scores the causality of this

reaction between 4 and 8, indicating possible to probable

causality. The patient had a follow-up appointment with his

primary care physician 2 weeks after discharge, with no

noted blood glucose complications. Two months after

discharge, he entered hospice care for his advancing heart

failure and later expired due to causes unrelated to blood

glucose complications.

Key Points

Linezolid is a rare but potential cause of

hypoglycemia, particularly in patients on

concomitant hypoglycemic therapies.

Clinicians should weigh the risks and benefits of

utilizing linezolid in the treatment of resistant

organisms in patients who are at risk for

hypoglycemia.

The time to resolution of symptoms in this case of

linezolid-associated hypoglycemia was 26–34 h.

Introduction

Linezolid is an oxazolidinone antibiotic with broad spec-

trum activity against Gram-positive microbes and negligi-

ble activity against Gram-negative microbes [1]. It exerts

its bacteriostatic mechanism of action by inhibiting protein

synthesis via blocking the formation of the 70S ribosome.

Linezolid has a relatively benign and nonspecific short-

term side effect profile consisting of gastrointestinal

malaise and headaches. Well-known adverse effects unique

to linezolid that occur after prolonged administration

include reversible myelosuppression and irreversible

peripheral neuropathy [2, 3]. It also has the ability to

induce serotonin syndrome when co-administered with

serotonergic medications.

Monoamine oxidase inhibitors (MAOIs) are a class of

pharmacologic agents that prevent the normal metabolism
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of the neurotransmitters norepinephrine, dopamine, and

serotonin. MAOIs have previously been described to have

properties that may both promote insulin production and

increase insulin sensitivity [4, 5].

In addition to its antibacterial effects, linezolid has

pharmacologic activity as an MAOI. It would follow log-

ically that hypoglycemia would be an expected adverse

effect of linezolid therapy. This adverse reaction has been

reported in the literature, though not extensively. A review

of PubMed using the MeSH terms ‘‘linezolid’’ and ‘‘hy-

poglycemia’’ yielded two articles reporting findings of

hypoglycemia associated with linezolid therapy [6, 7].

Additional review of articles that have cited these publi-

cations or articles considered to be similar to these publi-

cations yielded one additional report of hypoglycemia

associated with linezolid therapy [8]. Because of this evi-

dence, linezolid medication labeling has recently been

mandated by the Food and Drug Administration to contain

a warning that a relationship between linezolid and hypo-

glycemia has been demonstrated, particularly in patients on

concomitant hypoglycemic therapies [6].

Of the three articles identified, only two describe the

clinical course and treatment of specific patients with

linezolid-associated hypoglycemia. Of those two, the

length of time patients received intravenous dextrose

treatment is not explicitly stated. Additional elucidation of

the clinical course, treatment, and resolution of a case of

linezolid-associated hypoglycemia could help future clini-

cians treat this condition. In this case, we describe a case of

hypoglycemia associated with linezolid use, detailing the

time to onset, treatment timeline, and time to clinical

resolution.

Case Description

Our case describes a 77-year-old, African American male

with a past medical history of diabetes mellitus type II,

combined systolic and diastolic congestive heart failure

(CHF) with biventricular implanted cardioverter defibril-

lator, atrial fibrillation, hypertension, chronic kidney dis-

ease stage II, and hypothyroidism. On day 18 prior to

admission, his primary care physician changed his oral

hypoglycemic therapy from metformin 1000 mg daily to

glimepiride 1 mg daily. The patient was also stated to be

on insulin detemir 40 units every morning and 10 units

every evening during this time, but pharmacy records do

not indicate this medication ever being dispensed. On day

11 prior to admission, he received a prescription for a

14-day course of linezolid 600 mg twice daily for a Sta-

phylococcus hominis urinary tract infection (UTI). Sus-

ceptibility results are listed in Table 1.

Approximately 9.5 days later, on the morning of day 1

prior to admission, the patient presented to the emergency

room with symptomatic hypoglycemia and a documented

blood sugar of 63 mg/dL. He was treated with a 50%

dextrose bolus, was ordered to stop taking his glimepiride

and insulin, and was discharged home from the emergency

department.

On the day of admission to the hospital, the patient

presented again to the emergency room, with subjective

chills and nausea. Blood glucose was again drawn, and a

level of 50 mg/dL was found. Treatment with intermittent

50% dextrose boluses was then initiated. At that time, the

decision was made to admit the patient to the hospital

under the care of the family medicine team. The patient’s

home medications were initiated with the exception of the

patient’s aforementioned therapies for diabetes. After

consulting with cardiology, a recommendation to restrict

fluid was made due to concerns over volume status in the

context of CHF and the decision to maintain treatment with

intermittent dextrose boluses was made instead of changing

therapy to a continuous dextrose infusion.

The patient’s lowest documented blood glucose in the

hospital occurred on the day of admission, with a reading of

\30 mg/dL, lower than our institution’s clinical labora-

tory’s ability to detect. The patient’s blood sugar continued

to fluctuate throughout the day and into the morning of the

second day of admission. During rounds on the second day

of admission, the team decided to discontinue linezolid on

the basis of recommendations from endocrinology con-

sultants and previous case reports that linked hypoglycemia

to linezolid, which were discussed during rounds. The

patient’s labs did not show signs of acidosis or pancreatitis,

and he did not develop thrombocytopenia from the line-

zolid. The patient’s blood sugar then began to stabilize.

The last episode of hypoglycemia requiring dextrose

administration occurred early in the morning at 12:25 a.m.

Table 1 Susceptibility results for Staphylococcus hominis

Antibiotic MDIL MINT

Daptomycin B 1 S

Gentamicin B 1 S

Levofloxacin [4 R

Linezolid 2 S

Nitrofurantoin B 16 S

Oxacillin 0.5 R

Penicillin [1 R

Quinupristin/dalfopristin B 0.5 S

Rifampin B 0.5 S

Vancomycin 1 S

R resistant, S susceptible, MDIL minimum dilutional inhibitory level,

MINT media interpretation
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on the third day of admission, 26 h after his last adminis-

tration of linezolid. The patient did experience another

episode of hypoglycemia another 8 h later, which resolved

without intervention. This is detailed further in Fig. 1.

The patient remained admitted to hospital for an addi-

tional 4 days because of weakness from his co-morbidities,

such as severe CHF, to regain strength. The linezolid was

not re-initiated as the patient’s urinalysis, microbial cul-

tures, and other markers of infection were all negative upon

admission. His blood sugars the last 4 days of admission

ranged from 75 to 131 mg/dL, with the last recorded blood

sugar being 116 mg/dL. Upon discharge, it was decided to

discontinue all diabetes medications due to the fact his

most recent hemoglobin A1c was measured to be 5.7%.

The patient had multiple co-morbidities and limited life

expectancy because of them, and the American Diabetes

Association recommends a hemoglobin A1c target of\8%

in such cases, which could be achieved with dietary

modifications [9]. The patient had a follow-up appointment

with his primary care physician 2 weeks after discharge,

with no noted blood glucose complications. Two months

later, he was admitted for an exacerbation of his long-

standing CHF. At this hospitalization, comfort measures

were pursued and the patient entered into hospice therapy.

He expired 5 days later.

Discussion

There are numerous learning points within this case, the

first of which is the reiteration that previous reports have

been given showing a relationship between linezolid use

and the development of hypoglycemia in a patient on

hypoglycemic therapies. Secondly, this case shows the

timeline of the development of hypoglycemia and its length

of treatment. Lastly, it also highlights the need for pre-

scribers to weigh the risks and benefits of treatment when

deciding to initiate drug therapy.

Case-specific factors partially match with the clinical

presentation of linezolid-associated hypoglycemia. The

patient in this case had measured insulin levels of 19.7 and

10.3 mcunits/mL, which were both within normal limits.

This seems to increase the likelihood that our patient was

hypoglycemic because of increased insulin sensitivity as

opposed to insulin over-production, partially matching the

proposed mechanism of linezolid-associated hypoglycemia

Fig. 1 Blood sugars within the first 96 h of hypoglycemia identifi-

cation. The solid graph line indicates patient’s blood glucose, dotted

vertical lines indicate dextrose administration, and the dashed vertical

line indicates final dose of linezolid. A value of 25 mg/dL was

assigned to values below the detectable level of the clinical

laboratory. Additionally, this time span is not depicted to scale.

These actions were done for the purpose of visual continuity
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through action as an MAOI. The timing of this case bears

other similarities to previous reports of linezolid-associated

hypoglycemia published in the literature. A timeframe of

approximately 7 days from the time of the first linezolid

dose administration to the onset of hypoglycemia with a

range 2–30 days has been established [6]. Our case shows

an onset of hypoglycemia of approximately 9.5 days from

the point of linezolid administration to hypoglycemia

onset. Additionally, the median glucose nadir has been

documented to be approximately 32 mg/dL, closely

matching what was found in our case. There is a small

possibility that this adverse event was due to causes other

than linezolid administration. Prior to the patient’s initial

emergency department presentation, the patient had been

maintained on glimepiride 1 mg daily. This is a relatively

conservative dosing strategy, though the use of this medi-

cation in the presence of renal dysfunction still presents the

possibility of drug accumulation and possible toxicity. This

is not thought to have been the sole cause of hypoglycemia

as the patient continued to experience hypoglycemia when

multiple days removed from the last glimepiride adminis-

tration. Utilizing the Naranjo scale, this adverse event

scores between 4 and 8 [10]. Points that may be distributed

with a very high degree of certainty come from the pres-

ence of previous reports of this reaction (? 1), the adverse

event appearing after the drug was given (? 2), the adverse

event resolving after linezolid discontinuation (? 1), and

confirmation of the event by objective evidence (? 1). The

first set of points that may be up for debate is from the

presence of alternative causes (- 1 to ? 2). This is debat-

able as the patient was on hypoglycemic medications at

home for his diabetes, which, by definition, is a potential

alternative cause for his hypoglycemia. A caveat to this

though is that the possibility of this significantly con-

tributing is considered to be quite low. The patient was on

hypoglycemic medications for his diabetes though he was

stable for some time prior to the emergence of his recurrent

episodes of hypoglycemia. Additionally, the episodes per-

sisted for some time after the discontinuation of these

medications. The second point of debate is the detection of

the drug in body fluid in toxic concentrations (between 0

and ? 1). Linezolid levels were not obtained in this patient,

and linezolid does not have any recommended dose

adjustments in renal impairment [1]. With this in mind, it is

subjectively and objectively known that the patient was

taking linezolid through his admission interview and his

pharmacy’s dispensing records. Linezolid’s package insert

also states that metabolites may accumulate in the context

of renal impairment, which our patient experienced.

Depending on the score considered, this event is considered

to be a ‘‘possible’’ to ‘‘probable’’ adverse drug event due to

linezolid. The authors of this report consider this to be a

probable adverse drug event.

Part of the novelty of this case is that it allowed for the

elucidation of the timeline of linezolid-associated hypo-

glycemia’s resolution. Because the patient in this case was

treated with intermittent dextrose boluses in place of a

continuous infusion, it allowed us to estimate how long it

took for linezolid’s hypoglycemic effect to diminish, with

the patient’s last episodes of hypoglycemia requiring

intravenous dextrose occurring approximately 26 h after

the patient’s final dose of linezolid, with an additional drop

in blood glucose 8 h later that resolved without interven-

tion. This can allow us to estimate the time to clinical

resolution of this case of linezolid-associated hypo-

glycemia as 26–34 h. To our knowledge, this is the first

instance in which the time to resolution of linezolid-asso-

ciated hypoglycemia has been documented.

An additional learning point from this case is that pre-

scribers should take into account both the risks and the

benefits of any drug, in this case a broad spectrum antibi-

otic, prior to its use. In this case, the infection in question

was a S. hominis UTI. It is worth noting that the only

coagulase-negative Staphylococcal organism considered to

be a common causative organism in UTIs is Staphylococ-

cus saprophyticus, with S. hominis not considered by

guidelines to be a usual causative organism [11]. Addi-

tionally, in studies measuring microbiologic prevalence of

specific coagulase-negative Staphylococcal species in

UTIs, S. hominis has been observed quite rarely, ranging

from unidentified/unreported in some studies up to 2.3% of

UTIs in studies that did observe S. hominis UTIs [12–15].

Another study, analyzing exclusively coagulase-negative

Staphylococcal UTIs, found that S. hominis comprised

2.1% of these infections [16]. With this relative rarity in

mind and in the absence of guidelines on diagnosis and

treatment of specifically coagulase-negative Staphylococ-

cal UTIs, perhaps it would have been prudent for the

original prescribing clinician of the course of linezolid to

exercise clinical judgment in the treatment of the infection

or, potentially, order a second urine culture as a double-

check to ensure contamination was not present in the

sample. With this said, the question still remains, if the S.

hominis culture did represent a true infection, was the

optimal therapy used? Optimal duration of treatment of

UTIs in male patients has yet to be defined and is lacking

extensive evidence. In 2013, it was reported though that

shorter courses of antibiotics (B 7 days) as opposed to

longer courses of antibiotics ([7 days) for UTIs in male

veterans within the Veterans Affairs system resulted in no

measurable difference in short-term UTI recurrence [17].

Additionally, longer courses were associated with

increased risk of long-term UTI recurrence and a non-

significant trend towards increased risk of Clostridium

difficile infection. So, applying this logic to the case at

hand, it is not unreasonable to wonder if a shorter, 7-day
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course of linezolid could have stemmed the development of

hypoglycemia in our patient. Given that the patient’s renal

dysfunction and susceptibility profile of the patient’s

infection ruled out the use of most oral medications save

linezolid, the choice of antibiotic seems well-founded.

While it has not been studied in UTIs, the new oxazolidi-

none antibiotic tedizolid has a similar pharmacologic

mechanism of action and exerts its antibiotic effect on a

relatively similar spectrum of organisms [18]. This could

cause clinicians to wonder if tedizolid also has the ability

to induce hypoglycemia as linezolid has been shown to do.

At this time, there is no clinical evidence of tedizolid

inducing hypoglycemia in human patients. In the

ESTABLISH-1 and ESTABLISH-2 trials that led to the

approval of tedizolid, hypoglycemia was not measured as a

treatment-emergent adverse event [19, 20]. Extrapolating

from in vitro data, it has previously been shown that

tedizolid’s tyramine sensitivity ratio is 1.33, with a value of

C 2 being considered clinically significant [21]. Addition-

ally, free concentrations of tedizolid at normal clinical

dosing lead to manyfold lower micromolar concentrations

than what is needed to inhibit 50% of human monoamine

oxidase (MAO) enzymes. Compared to linezolid’s required

concentrations to cause the same effect, tedizolid is con-

sidered to be a weaker inhibitor of human MAO enzymes.

Assuming that linezolid’s ability to induce hypoglycemia is

a result of its activity as an MAOI, one would expect the

risk of hypoglycemia to be lower with tedizolid, if not

absent. Larger clinical trials are needed to definitively

quantify the risk of hypoglycemia with tedizolid.

Conclusion

It is probable that the recurrent hypoglycemic episodes the

patient in this case suffered were due to his treatment with

linezolid. In this case, it took 9.5 days from the start of

linezolid therapy for hypoglycemia to begin and approxi-

mately 26–34 h from the time of the last dose of linezolid

for hypoglycemia to abate. Clinicians should weigh the

risks and benefits of utilizing linezolid to treat resistant

pathogens, particularly in patients with risk factors for

hypoglycemia. It is unknown whether tedizolid can induce

hypoglycemia, though based on laboratory data the risk

appears to be lower than with linezolid.

Compliance with Ethical Standards

Since the patient expired prior to the writing of this case report, he

was unable to provide informed consent for the release of his personal

health information. At a later time, his wife was contacted, who

provided written informed consent for the release of certain points of

her husband’s personal health information. A written, physical copy

of this informed consent is maintained by the corresponding author.
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