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Drug-induced thrombocytopenia secondary to antibiotic exposure is a rare complication more
commonly associated with other medications. In this review, we present a case of antibiotic-induced
thrombocytopenia and discuss the clinical picture and approach to identifying the complication. With
increasing use of antibiotics that may be associated with drug-induced thrombocytopenia in perioper-
ative prophylaxis protocols, surgeons need to be cognizant of this cause of thrombocytopenia in the
postoperative patient. A delay in recognition and discontinuation of the offending agent can result in
significant complications secondary to bleeding and superfluous testing.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Drug-induced thrombocytopenia (DITP) is an adverse reaction
that has been reported with more than 300 medications, most
commonly due to drug-dependent platelet antibodies that produce
a response from the reticuloendothelial system [1,2]. Previous
research has shown that DITP is an underrecognized clinical
problem that can lead to severe bleeding complications [3].

DITP is commonly associated with heparin but can be caused by
antibiotics commonly used in primary total joint arthroplasty such
as b-lactams and vancomycin. [4,5]. Other antibiotics associated
with DITP, such as linezolid and rifampin, may be used as adjuncts
in revision cases for suspected methicillin-resistant Staphylococcus
aureus infections [6,7].

Although testing for antibiotic-induced antiplatelet antibodies
remains the gold standard in diagnosis of DITP, such assays are costly
andmay not be commonly available. Therefore, a surgeon's suspicion
of this complication in a patient with bleeding and/or thrombocy-
topenia is paramount to minimizing morbidity after orthopaedic
procedures. With the increased use of vancomycin and other DITP-
c Surgery, Tulane University
s, LA 70112, USA. Tel.: þ1 504

Inc. on behalf of The American As
y-nc-nd/4.0/).
associated antibiotics in various forms as routine perioperative
prophylaxis protocols in primary total joint arthroplasty, early
diagnosis is critical to avoid severe or nonsevere bleeding, reported
at rates of 6% and 67%, respectively [8], as well as unnecessary tests.
Case history

A 70-year-old man presented for revision of a failed left total
knee arthroplasty secondary to global instability. Preoperative
erythrocyte sedimentation rate, C-reactive protein, andwhite blood
cell count had been within normal limits. His past medical history
included chronic atrial fibrillation, hypertension, and embolic
stroke. At the time of admission, his medications included amio-
darone and apixaban for anticoagulation.

His operative course for revision knee arthroplasty was un-
eventful. He was given 1 gram (g) of vancomycin and 400 milli-
grams (mg) intravenous (IV) ciprofloxacin for prophylaxis.
Ciprofloxacin was given because of his history of benign prostatic
hyperplasia and recurrent urinary tract infections. In addition, he
received 50,000 units of irrigation bacitracin via 3 L of 0.9% normal
saline intraoperatively. Four intraoperative cultures were taken and
sent for analysis. Postoperatively, he developed a bundle branch
block on the cardiac monitor in the postanesthesia care unit.
However, a coronary arteriogram revealed that he had clean coro-
nary arteries and normal left ventricular function.
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Figure 1. Response of platelet count to antibiotic therapy.
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Surgical pathology did not find evidence of acute inflammation.
However, 2 cultures grew Staphylococcus aureus in liquid media,
and the patient was subsequently placed on a 6-week course of
vancomycin and ciprofloxacin pending sensitivities. This treatment
paradigm was consistent with a class 1 Tsukayama infection given
themultiple intraoperative cultures positive on liquidmedia [9]. On
postoperative day (POD)4, the cultures resulted with a methicillin-
resistant Staphylococcus aureus periprosthetic infection, and the
patient was started on a 6-week course of vancomycin and
rifampin. The patient was discharged on POD5 on IV vancomycin 1
g every 12 hours and oral rifampin 300 mg every 8 hours. His
platelet count at discharge was 188 � 103/mm3.

On POD18, the patient was brought to the emergency department
complaining of a syncopal episode at home. His systolic blood pres-
sure was 70 mmHg in the field and improved with a bolus of 0.9%
saline. There were no physical signs or evidence of a cerebrovascular
event on imaging. An electrocardiogram demonstrated normal sinus
rhythm with a right bundle branch block. Troponin was slightly
elevated at 0.07 ng/mL (normal: 0.00-0.04 ng/mL) in the setting of
mild renal disease (Cr 1.30, normal: 0.64-1.27). He was slightly
anemic with a red blood cell count of 3.46� 106/ mm3 (normal: 4.30-
5.90� 106/mm3) and a hemoglobin of 10.9 g/dL (normal: 13.0-18.0 g/
dL. White blood cell counts were slightly elevated to 11.7� 103/ mm3

(normal: 4.5-11.0� 103/ mm3) with 69.6% neutrophils (normal: 52.0-
87.0). Coagulation laboratory results revealed a prothrombin time of
12.0 seconds (normal: 9.8-11.7 seconds), international normalized
ratio of 1.2, and activated partial thromboplastin time of 23.0 seconds
(normal: 21.0-32.0). Fibrinogen laboratory tests were not drawn.
Consultation with cardiology confirmed that the syncopal episode
was likely secondary to orthostatic hypotension. Therefore, the
patient's hypertension medication was discontinued in addition to
his apixaban and heparin.

An incidental finding on complete blood count labs was a platelet
count of 29 � 103/mm3 (normal: 140-440 � 103/mm3). The patient
had no petechia, ecchymosis, or peripheral lymphadenopathy. The
differential diagnosis at the time was heparin-induced thrombocy-
topenia (HIT) secondary to heparin flushes of his peripherally
inserted central catheter, disseminated intravascular coagulation,
which was unlikely due to normal coagulation laboratory results,
concurrent sepsis, or immune thrombocytopenic purpura. Hema-
tology/oncology was consulted for the low platelet count, and we
concluded that there was no indication for platelet transfusion and
the patient's thrombocytopenia was secondary to therapeutic use of
antibiotics. At this time (POD 20), the patient's platelet count had
reached a nadir of 20� 103/mm3. His vancomycin and rifampinwere
subsequently switched to IV daptomycin, and his platelet count
began to rise to 31 � 103/mm3 on POD 20. He was discharged home
on oral linezolid with a platelet count of 138,000 � 103/mm3. His
hospital course was complicated by a deep vein thrombosis in his
right arm provoked by a peripherally inserted central catheter after
heparin was discontinued which warranted an inferior vena cava
filter that was placed the following day.

Discussion

Thrombocytopenia can be defined as a platelet level lower than
100 � 103/mm3 with a wide clinical presentation. Patients can be
asymptomatic or present with petechial hemorrhages, oozing from
the buccal mucosa or severe bleeding, with the most severe
symptoms typically seen with platelet levels lower than 20 � 103/
mm3 [10]. Although there is a lack of a standard definition, clinically
significant thrombocytopenia has been defined as platelet counts
dropping at least 50% of the baseline [11].

The causes of thrombocytopenia can be classified into problems
with platelet production or increased platelet destruction. Many
drugs cause a transient thrombocytopenia owing to myelosup-
pression or other mechanisms. The presentation of DITP is more
clinically significant, with platelet counts usually dropping less
than 20 � 103/mm3 [3]. Like most immune adaptive responses,
DITP follows a typical temporal pattern. It presents 5 to 10 days
after the first exposure and thenwithin hours of a second exposure.

The difficulty with diagnosis of DITP is the lack of a reliable
standardized laboratory test [4].While immunoassays for IgGor IgM
antibodies do exist for some antibiotics [10], these tests may not be
readily available to most providers. In addition, the tests require a
prolonged period of treatment and may produce false negatives
when DITP is recognized early in its course [12,13]. Because a delay
in recognition can lead to significant morbidity and mortality, clin-
ical criteria such as the Naranjo Adverse Drug Reaction Probability
Scale [14] can help determine the probability of DITP.

The best course of treatment is discontinuation of the causative
agent. Platelet transfusion is not indicated owing to continued
immune destruction of the platelets in the presence of the
offending agent [3]. However, transfusion can be considered in
cases of severe bleeding and platelet counts less than 20�103/mm3

[2] and can be effective when performed after discontinuation of
the causative agent [15].

Vancomycin-induced thrombocytopenia (VIT) and/or
rifampicin-induced thrombocytopenia is much more scarcely re-
ported in the literature. Of the 2, vancomycin is more commonly
used in antibiotic prophylaxis, and therefore, the bulk of the liter-
ature addresses complications related to this antibiotic's usage.
Hematopoietic complications of vancomycin range from roughly 2%
to 12% [16]. However, the rate of VIT has not been accurately re-
ported, and its incidence remains undetermined [17]. While VIT has
been identified in other procedures [13,18], only 1 case report to our
knowledge has been reported in the orthopaedic literature that
involved vancomycin-impregnated cement after revision total knee
arthroplasty [19]. In the all mentioned case reports, thrombocyto-
penia resolved upon withdrawal of vancomycin, and no further
complication was reported. There is no gold standard regarding
testing for VIT currently; however, the standard antibiotic-induced
immune thrombocytopenia (AIT) clinical and laboratory criteria are
generally recommended for suspected cases. Management has
typically consisted of discontinuation of the causative medication,
with transfusion being the next most commonly used treatment in
the case of severe bleeding and some studies estimating trans-
fusion rates as high as 2 of 3 patients [2]. Other treatments
including corticosteroids, immunoglobulins, and plasma exchange



Table 1
Naranjo scale for likelihood of adverse drug reaction (ADR).

Naranjo scalea Yes No Score (vancomycin) Score (rifampin) Score (antibioticb)

1. Are there previous conclusive reports of this reaction? þ1 0 0 0 0
2. Did the adverse event appear after the suspected drug was administered? þ2 �1 þ2 þ2 þ2
3. Did the adverse reaction improve when the drug was discontinued or a

specific antagonist was administered?
þ1 0 þ1 þ1 þ1

4. Did the adverse reaction reappear when the drug was readministered? þ2 �1 0 0 0
5. Are there alternative causes (other than the drug) that could on their own,

have caused the reaction?
�1 þ2 �1 �1 þ2

6. Did the reaction reappear when a placebo was given? �1 þ2 0 0 0
7. Was the drug detected in the blood (or other fluids) in toxic concentrations? þ1 0 0 0 0
8. Was the reaction more severe when the dose was increased or less severe

when the dose was decreased?
þ1 0 0 0 0

9. Did the patient have a similar reaction to the same or similar drugs
in any previous exposure?

þ1 0 0 0 0

10. Was the adverse event confirmed by any objective evidence? þ1 0 0 0 0
Total:
� �9 ¼ Definite ADR
� 5-8 ¼ Probable ADR
� 1-4 ¼ Possible ADR
� 0 ¼ Doubtful ADR

2 (Possible) 2 (Possible) 5 (Probable)

a 0 Points were given if the answer to the question was “do not know” or “not done.”
b Antibiotic refers to whether the adverse drug reaction was due to either vancomycin or rifampin compared with heparin.
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have been used; however, none of these were clinically superior in
a large retrospective series of 30 patients with VIT [10].

In the present case, the patient's platelet count met the criteria
of decreasing �50% of the baseline by dropping from 188 � 103/
mm3 at discharge (POD5) to 29 � 103/mm3 at presentation
(POD18). In contrast with previously published orthopaedic case
reports, our patient did not display any outward symptoms of AIT,
such as visible bleeding or petechial hemorrhages, and his throm-
bocytopenia was discovered incidentally while working up a
syncopal episode. The main differential diagnoses included
heparin-induce thrombocytopenia (HIT) and antibiotic-induced
immune thrombocytopenia (AIT). Other possible causes of throm-
bocytopenia such as sepsis, disseminated intravascular coagulation,
and immune thrombocytopenic purpura were less likely consid-
ering the clinical presentation and other laboratory values. Because
DITP occurs within hours of a second exposure, HIT was less likely
due to the patient's exposure to heparin in prior surgeries. The
patient had not previously been exposed to vancomycin or
rifampin, so the time course fit the 5-10 days that lead to an adverse
reaction after a primary exposure. Immediately on switching anti-
biotics, the patient's platelet count began to recover (Fig. 1).
Because both vancomycin and rifampin were stopped at the same
time, the Naranjo Adverse Drug Reaction Probability Scale [14]
indicated a “possible” adverse drug reaction when considering
them individually. However, the scale indicated that these antibi-
otics were a “probably” cause of the thrombocytopenia when
considered together against heparin (Table 1). This was later
confirmed by negative antiheparin antibodies.

Current controversies and future considerations

Currently, the incidence of DITP has been reported as roughly 10
cases per 1million patients [2].While surgical prophylaxis for other
surgeries appears to have significant precedent, the severity of and
devastating consequences from infection in arthroplasty have led
to continued debate regarding the selection, duration, and type of
antibiotics used prophylactically. This controversy has continued
even in the wake of recent consensus statements working to solve
these issues. [20]

One of the most important future considerations surrounding
AIT is the advancement and cost-effectiveness of wide-scale anti-
body testing. Recent studies have focused on routine testing for
drug-dependent platelet antibodies; however, this is a costly
endeavor with a lack of standardization and/or validation across
multiple agents tested [21]. Furthermore, retrospectively isolating a
specific causative agent of thrombocytopenia and bleeding is
difficult, as often multiple possible offenders are discontinued at
the same point in time, leading to an unclear explanation of the
cause of thrombocytopenia. [21] Currently, the Naranjo Adverse
Drug Reaction Probability Scale remains an excellent starting point
when clinical suspicion of a drug-induced hematopoietic compli-
cation is suspected. Further consideration of the cost-effectiveness
of more routine specific platelet antibody testing is warranted. On
the one hand, early diagnosis leads to avoidance of unnecessary
treatments and discontinuation of the antibiotic, avoiding potential
bleeding complications. On the other hand, antibody testing is a
costly endeavor and should not become a routine laboratory study
used in patients postoperatively. Determining the appropriate
clinical scenario is a matter of clinical acumen and experience.

Summary

Antibiotic-induced immune thrombocytopenia (AIT) is a rare
postoperative complication that can develop after the use of
commonly used antibiotics in total joint arthroplasty. The use of
temporal information and clinical criteria such as the Naranjo
Adverse Drug Reaction Probability Scale can help providers
promptly identify the issue and withdraw the offending agent.
Because the diagnosis of drug-induced thrombocytopenia (DITP) is
often overlooked in the presence of other potential causes of
thrombocytopenia, providers should remain wary of AIT in the
postoperative patient treated with antibiotics.
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KEY POINTS

1. Consider an adverse reaction to antibiotics when more com-
mon causes of thrombocytopenia such as heparin-induced
thrombocytopenia, disseminated intravascular coagulation,
and sepsis are low on your differential.

2. Temporal information and the Naranjo scale can help
pinpoint the offending agent when laboratory tests are un-
available. A primary exposure may not have a reaction for up
to 5-10 days. A secondary exposure will lead to thrombocy-
topenia within hours. Remember to consider that the
patient's primary exposure in that case may have been silent.

3. Withdrawal of the offending agent is sufficient for treatment.
Consider platelet transfusion in cases of severe bleeding and
platelet count less than 20 � 103/mm3 after removal of the
offending agent.
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