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Abstract

Background: Enoxaparin is an anticoagulant that falls in the class of medications called low molecular weight
heparins (LMWHs), and is used to prevent or treat patients with deep vein thrombosis (DVT) and pulmonary
embolism. Enoxaparin is the most widely used LMWH for DVT prophylaxis following knee or hip replacement
surgery. Common side effects of enoxaparin include bleeding, petechiae at the injection site, and
thrombocytopenia. However, reactive thrombocytosis is a rarely reported adverse reaction. We managed a patient
who developed enoxaparin-associated thrombocytosis, which was completely resolved after treatment cessation.

Case presentation: A 78-year-old female was hospitalized for post-hip replacement rehabilitation. Low molecular
weight heparin 40 mg/day was administered subcutaneously to prevent deep venous thrombosis (DVT). At
admission, her platelet count was normal (228 × 109/L) and her white blood cell count was slightly elevated (12.91
× 109/L). Seven days after admission, the patient developed thrombocytosis, which peaked on the 14th day (836 ×
109/L), while her white blood cell count had returned to normal (8.86 × 109/L). Her therapeutic regimen was
reviewed, and enoxaparin was identified as a potentially reversible cause of reactive thrombocytosis. Switching from
enoxaparin to rivaroxaban lead to a gradual decrease in the patient’s platelet count, which eventually returned to
normal levels 16 days after enoxaparin was discontinued. No complications secondary to thrombocytosis was
observed, and no conclusion was reached on the use of small doses of aspirin for antithrombotic therapy under
these circumstances.

Conclusion: Enoxaparin-induced reactive thrombocytosis should be suspected in patients with thrombocytosis
following enoxaparin administration as an anticoagulant to prevent certain complications.
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Background
Enoxaparin is a low molecular weight heparin (LMWH)
used to prevent or treat deep vein thrombosis (DVT)
and pulmonary embolism [1]. It generally induces a fac-
tor Xa to factor IIa ratio greater than 4, eliciting a strong
antithrombotic effect that dissolves thrombi. Compared
to standard unfractionated heparin (UFH), the bioavail-
ability of LMWHs is higher after i.v or s.c administra-
tion, and was estimated to range from 90 to 95%; the
biological half-life (Based on anti-Xa clearance) of

LMWHs is twice longer than that of UFH. The t1/2 of
LMWHs has been reported to be 100 min after i.v ad-
ministration and 360 min after s.c administration, re-
spectively [2]. Enoxaparin is the most widely used
LMWH for DVT prophylaxis following knee or hip re-
placement surgery [3]. The most common side effects of
enoxaparin include bleeding, petechiae at the injection
site, and thrombocytopenia. Nonetheless, some rare
cases of enoxaparin-induced reactive thrombocytosis
have been reported. We treated a patient who developed
enoxaparin-associated thrombocytosis, which resulted in
complete resolution after enoxaparin was discontinued.
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Case presentation
A 78-year-old Asian female was admitted to the rehabili-
tation department roughly 8 h after receiving a hip re-
placement surgery. Her medical history was significant
for hypertension and atrial fibrillation. At admission, her
baseline platelet count was 228 × 109/L (Normal range
85–303 × 109/L), and her white blood cell count was
12.91 × 109/L (Normal range 3.5–9.2 × 109/L). After the
risk assessment for venous thrombus embolism (VTE)
was performed, a prophylactic regimen for deep vein
thrombosis (DVT) consisting of subcutaneous enoxa-
parin 4000 IU/day was initiated.
Seven days after admission (Hospital day 7), the pa-

tient’s platelet count rose to 494 × 109/L, while the white
blood cell count fell to 10.21 × 109/L. The patient had
no symptoms or signs of thrombosis, such as swelling or
pain in her lower extremities. Thus, we suspected a re-
active thrombocytosis due to post-surgical inflammation.
On the 10th day of hospitalization, her laboratory find-
ings delineated a raised platelet count (739 × 109/L) and
a normal white blood cell count (9.18 × 109/L). The pa-
tient’s platelet count kept rising steadily; after 14 days of
subcutaneous enoxaparin administration, the patient’s
platelet count peaked at 836 × 109/L (Hospital day 14),
and her white blood cell count was still within the nor-
mal range (8.86 × 109/L). At this point, the changes ob-
served in this patient’s platelet count were no longer
consistent with postoperative inflammation, hence we
began to consider other etiologic factors for this patient’s
reactive thrombocytosis. The patient’s therapeutic regi-
men was reviewed and enoxaparin was identified as the
only potential pharmacologic cause of thrombocytosis.
Enoxaparin was immediately discontinued. Previous
studies did not find similar adverse reactions to

rivaroxaban, so starting from hospital day 16, enoxaprin
was replaced by rivaroxaban 15 mg daily.
A decline in the patient’s platelet count was observed

the next morning (Hospital day 17). The patient’s plate-
let count eventually began to decrease gradually, reach-
ing 655 × 109/L 5 days after enoxaparin was
discontinued (hospital day 22). Finally, after 15 days of
enoxaparin discontinuation, the patient had a normal
platelet count of 286 × 109/L (hospital day 31). Figure 1
illustrates a timeline of the patient’s hospital course,
platelet count, and white blood cell count.
The patient’s hemoglobin count, mean erythrocyte vol-

ume, mean erythrocyte hemoglobin concentration, pro-
calcitonin and C-reactive protein levels were normal
throughout her hospital stay, and her serum iron levels
were not monitored.
The patient was discharged 32 days after admission

with no bleeding or thrombotic manifestations. On
follow-up, her platelet count was still within the normal
range.

Discussion
According to the baseline essential thrombocytosis
threshold determined by the World Health Organization
[4], a platelet count exceeding 450 × 109 cells/L is de-
fined as thrombocytosis. Thrombocytosis is classified as
either primary (Essential) or secondary (Reactive). The
most common etiologies for reactive thrombocytosis are
inflammation, tissue damage, infection, hyposplenism,
iron deficiency, haemolysis, drug reactions, and other
factors inducing an acute phase response [5]. In our pa-
tient, the potential causes of thrombocytosis were sur-
gery, infection, and drug reactions.

Fig. 1 Timeline of the patient’s hospital course indicating platelet and white blood cell counts
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This patient had a normal platelet count and an in-
creased white blood cell count on hospital admission.
During her first 14 days in the hospital, her white blood
cell count gradually returned to normal, while her plate-
let count kept spiking and eventually peaking at 836 ×
109/L. Meanwhile, her procalcitonin and C-reactive pro-
tein levels remained normal. Therefore, the patient’s la-
boratory values were neither consistent with
inflammation nor infection as contributing factors to her
increased platelet count. Anemia was not supported
based on her laboratory indicators and clinical symp-
toms. We also excluded bleeding as a possible cause for
the patient’s thrombocytosis, so drug-induced reactive
thrombocytosis was the only potential culprit left.
In addition to the subcutaneous injections of enoxa-

parin, the patient was given oral medications including
amlodipine, telmisartan, aspirin, and atorvastatin. Previ-
ous research have revealed that some medications in-
cluding All-Trans Retinoic Acid (ATRA), Antibiotics,
Clozapine, Epinephrine, Gemcitabine, Low-Molecular-
Weight Heparins (LMWHs), and Vinca Alkaloids may
lead to drug-induced thrombocytosis, and the strongest
evidence of causality supports LMWH and neonatal
drug withdrawal as the main etiologic factors [6]. Based
on this facts, we suspected that the patient’s thrombocy-
tosis was induced by enoxaparin, so anticoagulation with
rivaroxaban instead was initiated on the 16th day of
hospitalization. Subsequently, a gradual decrease in the
patient’s platelet count was observed from the second
day following enoxaparin discontinuation, which eventu-
ally returned to normal after 16 days of enoxaparin ces-
sation. Thus, the temporal correlation between
enoxaparin and thrombocytosis was clearly demon-
strated. To further verify our hypothesis and confirm the
possibility of drug-induced thrombocytosis, the Modified
Naranjo Scale with Thrombocytosis-Specific Criteria [6]
was used. Our patient’s score was 7, so we concluded
that the reactive thrombocytosis was most likely associ-
ated with enoxaparin.
Furthermore, previous reports of LMWH causing re-

active thrombocytosis have been published. Through re-
view of the literature, we found that patients developed
thrombocytosis 14 days on average (Range = 3–35 days)
after LMWH administration, which is consistent with
the findings observed in our case report. The mechanism
by which LMWH exposure leads to thrombocytosis has
not yet been elucidated [7]. In a mouse experiment, an
increase in murine platelet counts, immature megakar-
yocytes, and colony-forming unit megakaryocytes in the
bone marrow after intraperitoneal administration of 0.1–
25 IU of fraxiparin for 4 days was observed. The author
emitted the hypothesis that fraxiparin acted synergistic-
ally with heparin cofactor II and antithrombin III to pro-
mote megakaryocyte colony formation [8]. Another

report showed that heparin significantly potentiates the
megakaryocytopoietic activity of the C-Mpl ligand and
interleukin (1 L)-6, but not that of IL3, GM-CSF, SCF,
and Epo. Additionally, heparin was found to significantly
neutralize the inhibitory actions of platelet factor 4 (PF4)
and transforming growth factor β1 (TGFβ1) on mega-
karyocyte colony growth [9]. We hypothesized that
LMWH may stimulate hematopoiesis in the bone mar-
row, leading to an increase in platelets.

Conclusions
In conclusion, enoxaparin-induced reactive thrombocy-
tosis should be suspected in patients with thrombocyto-
sis following enoxaparin administration in order to
prevent further complications. It is generally believed
that reactive thrombocytosis does not represent a rele-
vant thrombotic risk [10], and patients rarely experience
symptoms or any clinical manifestation from reactive
thrombocytosis [11, 12]. Moreover, no conclusion was
reached on the use of low-dose aspirin as an antithrom-
botic agent to prevent thrombosis in this kind of pa-
tients. Thus, clinicians should evaluate the thrombotic
and bleeding risks on a case-by-case basis to come up
with the most appropriate management plan for each
patient.

Acknowledgements
The authors would like to thank the paramedical crews for the data.

Authors’ contributions
Tao Xiang treated the patient and wrote the manuscript. Ming Cheng
revised and edited the manuscript. All authors have read and approved the
final manuscript.

Funding
None.

Availability of data and materials
The datasets obtained and analyzed in the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
In China, a case report does not require ethics approval. Our study adhered
to the Ethical Guidelines for Medical and Health Research Involving Human
Subjects established by the government of China.

Consent for publication
Written informed consent was obtained from the patient’s legal guardians
for publication of this case report and any accompanying images.

Competing interests
The authors declare that they have no competing interests.

Received: 8 December 2020 Accepted: 14 May 2021

References
1. Noble S, Peters DH, Goa KL. Enoxaparin: A reappraisal of its pharmacology

and clinical applications in the prevention and treatment of
thromboembolic disease [J]. Drugs. 1995;49(3):388–410.

Xiang and Cheng Thrombosis Journal           (2021) 19:34 Page 3 of 4



2. Mousa SA. The Low Molecular Weight Heparin, Tinzaparin, in Thrombosis
and Beyond [J]. Cardiovasc Drug Rev. 2006;20(3):199–216.

3. Caprini JA, Arcelus J, Sehgal LR, Cohen EB, Reyna JJ. The use of low
molecular weight heparins for the prevention of postoperative venous
thromboembolism in general surgery [J]. Int Angiol. 2002;21(1):78–85.

4. Spivak JL, Silver RT. The revised World Health Organization diagnostic
criteria for polycythemia vera, essential thrombocytosis, and primary
myelofibrosis: an alternative proposal [J]. Blood. 2008;112(2):231–9.

5. Harrison CN, Bareford D, Butt N, Campbell P, Conneally E, Drummond M,
et al. Guideline for investigation and management of adults and children
presenting with a thrombocytosis [J]. Br J Haematol. 2010;149(3):352–75.
https://doi.org/10.1111/j.1365-2141.2010.08122.x.

6. Vo QT, Thompson DF. A review and assessment of drug-induced
thrombocytosis [J]. Ann Pharmacother. 2019;53(5):523–36. https://doi.org/1
0.1177/1060028018819450.

7. Hummel MC, Morse BC, Hayes LE. Reactive thrombocytosis associated with
enoxaparin [J]. Pharmacotherapy. 2006;26(11):1667–70. https://doi.org/10.1
592/phco.26.11.1667.

8. Shen ZX, Basara N, Xi XD, Caen J, Maffrand JP, Pascal M, et al. Fraxiparin, a
low-molecular-weight heparin, stimulates megakaryocytopoiesis in vitro and
in vivo in mice [J]. Br J Haematol. 1994;88(3):608–12. https://doi.org/10.1111/
j.1365-2141.1994.tb05080.x.

9. Han ZC, Bellucci S, Shen ZX, Maffrand JP, Pascal M, Petitou M, et al.
Glycosaminoglycans enhance megakaryocytopoiesis by modifying the
activities of hematopoietic growth regulators [J]. J Cell Physiol. 1996;168(1):
97–104.

10. Scharf RE. Do we need antiplatelet therapy in thrombocytosis? Contra [J].
Hämostaseologie. 2016;36(4):241–60.

11. Buss DH, Stuart JJ, Lipscomb GE. The incidence of thrombotic and
hemorrhagic disorders in association with extreme thrombocytosis: an
analysis of 129 cases [J]. Am J Hematol. 1985;20(4):365–72. https://doi.org/1
0.1002/ajh.2830200408.

12. Randi ML, Stocco F, Rossi C, Tison T, Girolami A. Thrombosis and
hemorrhage in thrombocytosis: evaluation of a large cohort of patients (357
cases) [J]. J Med. 1991;22(4–5):213–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Xiang and Cheng Thrombosis Journal           (2021) 19:34 Page 4 of 4

https://doi.org/10.1111/j.1365-2141.2010.08122.x
https://doi.org/10.1177/1060028018819450
https://doi.org/10.1177/1060028018819450
https://doi.org/10.1592/phco.26.11.1667
https://doi.org/10.1592/phco.26.11.1667
https://doi.org/10.1111/j.1365-2141.1994.tb05080.x
https://doi.org/10.1111/j.1365-2141.1994.tb05080.x
https://doi.org/10.1002/ajh.2830200408
https://doi.org/10.1002/ajh.2830200408

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Discussion
	Conclusions
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

