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A 42-year-old man presented to the emergency depart-
ment 2 hours after self-injecting 225 000 units of daltepa-
rin (15 prefilled 15 000-unit vials) with intent to self-harm. 

The patient’s medical history included depression, heterozygous 
factor V Leiden mutation and recurrent venous thromboembol-
ism (VTE). Previously, he had switched among several anti-
coagulants owing to intolerance or breakthrough thrombosis, 
including warfarin, various preparations of low-molecular-weight 
heparin (LMWH) and, most recently, rivaroxaban. The injected 
dalteparin was left over from a previous prescription for 
15 000  units daily. He had taken his last dose of rivaroxaban 
3 days before the current presentation.

The patient’s vital signs were stable, and we observed no 
evidence of bleeding other than bruising around multiple 
abdominal injection sites. Initial blood work results showed 
hemoglobin of 121 (normal 130–180) g/L, creatinine of 
99 (normal 60–110) μmol/L, estimated glomerular filtration 
rate (GFR) of 81 (normal > 60) mL/min, international normal-
ized ratio of 1.6 (normal 0.8–1.2), activated partial thrombo-
plastin time (aPTT) of > 150 (normal 22–35) seconds, and 
LMWH anti-Xa level of 8.94 (therapeutic range 0.5–1.0) U/mL. 
The patient’s rivaroxaban level, measured by a drug-specific 
anti-Xa assay (Diagnostica Stago, Asnières sur Seine, France), 
was 351 (expected therapeutic range 182–408) ng/mL. 

The internal medicine service admitted the patient, with sup-
port from the hematology and thrombosis service, and treated 
him with prophylactic intravenous protamine sulfate 50 mg 
every 6 hours and oral tranexamic acid 500 mg every 8 hours.

Eighteen hours after his overdose, the patient developed pro-
gressive left arm pain. He recalled no preceding trauma. Exam-
ination showed arm edema, antecubital fossa ecchymosis sur-
rounding a venipuncture site and a weak radial pulse. The 
plastic surgery service measured the pressure in his left anterior 
arm compartment, finding it to be elevated at 30 (normal 
0–8) mm  Hg, confirming a diagnosis of anterior compartment 
syndrome, which we attributed to a hematoma after veni-
puncture, and subsequently performed an urgent bedside 
fasciotomy.

Figure 1 shows a timeline of clinical events, coagulation blood 
tests and treatment. During the period before and after the 

fasciotomy, the patient received three 50 mg doses of protamine 
sulfate, with the third dose in response to bleeding from the sur-
gical site, after which hemostasis occurred. Two days after fasci-
otomy, we started the patient on VTE prophylaxis with dalteparin 
5000 units subcutaneous daily, given his high thrombotic risk. He 
underwent an uncomplicated wound closure 15 days later.

A family member returned unused LMWH vials for disposal. 
The patient described no further suicidal ideation and resumed 
rivaroxaban 20  mg daily for thromboprophylaxis. After liaison 
with the psychiatry team, he was discharged to a mental health 
facility and followed in the outpatient thrombosis clinic with no 
long-term complications. 

Discussion

Epidemiology
Although LMWH overdose is rare, heparin-associated bleeding is 
common. Our case illustrates an approach to managing LMWH 
overdose and provides practical lessons on the use of protamine 
sulfate to prevent and treat heparin-associated bleeding. Esti-
mates suggest that heparin reversal with protamine sulfate is 
used in at least 2 million patients annually.1

We identified 10 case reports describing 16 episodes of LMWH 
overdose in adult patients since 2009.2–8 Although most of these 
overdoses were intentional, 2 were accidental, caused by iatro-
genic miscalculation errors with multidose vials.2,3 We also iden-
tified a case series of 21 patients, but the authors reported little 
detail on management and included pediatric patients as well as 
patients with very mild overdoses.9
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Key points
• Bleeding in low-molecular-weight heparin (LMWH) overdose 

is unpredictable and may develop insidiously in deep tissues 
such as retroperitoneal and intramuscular spaces.

• Protamine sulfate partially reverses the anticoagulant effect 
of LMWH and may prevent bleeding from LMWH overdose.

• Serial monitoring of LMWH anti-Xa levels or activated partial 
thromboplastin time or both may help to guide therapy.
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Protamine sulfate treatment
Protamine sulfate forms a stable complex with heparin, neu-
tralizing its anticoagulant effect. American College of Chest 
Physicians guidelines suggest using protamine sulfate to neu-
tralize LMWH when necessary, although they give no specific 
recommendations on managing LMWH overdose.10 Among 
reported cases of LMWH overdose, protamine sulfate was 
administered prophylactically in 6 cases, therapeutically in 
2  cases, and both prophylactically and therapeutically in 
2  cases when bleeding developed during hospital stay, as 
occurred in our patient.

Our case illustrates 3 potential indications for protamine sul-
fate: to prevent bleeding after LMWH overdose, to treat intramus-
cular bleeding, and as prophylaxis before emergency fasciotomy. 

Because the half-life of protamine sulfate is 7 minutes, its effect 
is transient unless continuously infused. This is illustrated by our 
patient, in whom LMWH anti-Xa levels decreased from 3.08 U/mL 
(before protamine sulfate) to 1.79 U/mL (after the final dose of 
protamine sulfate), but rose again to 2.06 U/mL 4 hours later. 
 Second, given concerns regarding hypotension and anaphylaxis, 
the product monograph recommends a maximum single dose of 
50 mg infused over a minimum of 10 minutes and cautious use in 
patients with fish allergy.11 However, the dose required to treat 
LMWH overdose (1 mg per 100 anti-Xa units, with 1 mg of enoxapa-
rin equal to 100 anti-Xa units) often far exceeds this threshold. No 
adverse effects from protamine sulfate were reported among pre-
viously published cases of LMWH overdose, even with continuous 
infusions and cumulative doses up to 500 mg.3,6 Third, although 
protamine sulfate fully neutralizes anti-IIa activity attributable to 
LMWH, it neutralizes only 60%–74% of anti-Xa activity.3,6,7

Bleeding complications from LMWH overdose can be life 
threatening. Among 16 reported cases, 1 patient died after 
developing disseminated intravascular coagulation and multi-
organ failure,4 and 5 cases resulted in major bleeding, includ-
ing spontaneous retroperitoneal hematoma,5 hemothorax 
after cardiac surgery2 and traumatic compartment syndrome.6 
This raises a key clinical question: should protamine sulfate 
be administered prophylactically for LMWH overdose or only 
when bleeding occurs? Our experience suggests that either 
use is reasonable, as bleeding complications may evolve rap-
idly and unpredictably.

Therapeutic adjuncts including tranexamic acid,2,6 recom-
binant factor VIIa,5 or other coagulation factor concentrates 
can be considered if bleeding is not mitigated by protamine 
sulfate. These therapies should be used judiciously as they 
are off label and some are associated with an increased risk 
of thromboembolism.

Laboratory monitoring
Serial monitoring of LMWH anti-Xa levels can help guide man-
agement in several ways. A baseline measurement can estab-
lish the severity of the overdose, particularly when there is 
renal impairment or when the history is limited or unreliable.3 
Levels of LMWH anti-Xa activity can also help determine the 
efficacy of protamine sulfate if measured soon after adminis-
tration, and guide its dosing, especially when administered as 
an IV infusion.3,6

Clinical correlation is required to interpret anticoagulant drug 
levels. Our patient’s rivaroxaban level (measured by drug-
specific anti-Xa assay) was likely confounded by the anti-Xa 
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Figure 1: Clinical and biochemical timeline of overdose of low-molecular-weight heparin (LMWH). The orange line representing activated partial throm-
boplastin time (aPTT) is dashed at the beginning, as the first 3 aPTT values were reported as > 150 s (above the upper limit of measurement). Note: ED = 
emergency department, IV = intravenous, PO = orally.  
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effect of LMWH. Levels of LMWH anti-Xa activity can be falsely 
elevated by other Factor Xa inhibitors, including rivaroxaban. 
Our patient’s history, physical examination and response to 
 protamine sulfate strongly suggested a LMWH overdose rather 
than rivaroxaban overdose.

The feasibility of anti-Xa monitoring depends on test avail-
ability and turnaround time. At our institution, turnaround 
time for a LMWH anti-Xa level ranges between 3 and 18 hours, 
depending on when the test is ordered. Therefore, we used the 
aPTT as an additional real-time marker of LMWH toxicity. The 
aPTT is normal or minimally prolonged at therapeutic doses of 
LMWH. At supratherapeutic LMWH doses, larger chain molec-
ules within LMWH preparations potentiate thrombin inhibition, 
leading to marked aPTT prolongation.5 Our case mirrors previ-
ous observations that aPTT normalizes well before anti-Xa 
 levels in LMWH overdose.5 Thirty-six hours after overdose, our 
patient’s anti-Xa level remained substantially elevated 
(2.06 U/mL), whereas the aPTT was minimally prolonged (48 s).

Our case shows that if anti-Xa levels are unavailable, a pro-
longed aPTT may be used as a surrogate to detect severe LMWH 
toxicity. Prolongation of the aPTT can support the decision to 
continue administering protamine sulfate in the presence of 
bleeding, and normalization of the aPTT may be considered a 
threshold to discontinue prophylactic protamine sulfate in the 
absence of bleeding. Importantly, a normal aPTT cannot exclude 
the presence of LMWH, and anti-Xa levels remain the most useful 
measure. Tranexamic acid is an antifibrinolytic drug with no 
appreciable effect on aPTT or anti-Xa levels.

Other management principles
Box 1 summarizes key management principles. Patients with sub-
stantial overdose should be admitted to a monitored setting until 
aPTT or LMWH anti-Xa levels normalize. On admission, we sug-
gest carefully securing intravenous access, ordering a group and 
screen and confirming local availability of protamine sulfate and 
other adjunctive therapies in case of severe bleeding. Clinicians 
should monitor patients closely for insidious bleeding into deep 
tissues (e.g., retroperitoneal and intramuscular spaces), dropping 
hemoglobin levels or renal dysfunction. Where available, poison 
control and hematology or thrombosis specialists can be con-
sulted for further guidance, particularly for cases of massive over-
dose or severe bleeding. Clinicians should avoid excess vein 
trauma using measures similar to guideline recommendations for 
patients with hemophilia12 — for example, by selecting experi-
enced staff for venipuncture and using small-gauge needles.

The decision to resume anticoagulation after overdose should 
be individualized depending on medical and psychiatric comor-
bidities. If concerned about recurrent overdose, clinicians may 
consider switching from LMWH to an oral anticoagulant for 
which there is a specific reversal agent (e.g., warfarin or dabiga-
tran). Mental health support, supply limits on anticoagulant pre-
scriptions, supervised administration and close follow-up can 
increase treatment safety.7 For patients who experience acciden-
tal overdoses, substituting multidose vials with prefilled syringes 
may prevent dosing errors. Anticoagulants from previous treat-
ment courses should be returned for disposal.
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Box 1: Management principles for overdose of low-
molecular-weight heparin

Initial evaluation
• Ensure hemodynamic stability and obtain intravenous access.

• Maintain a high index of suspicion for insidious bleeding into 
deep tissues.

Management
• Admit the patient to a monitored setting until coagulation 

parameters stabilize.

• Administer intravenous protamine sulfate (up to 1 mg per 
100 anti-Xa units) in repeated 50 mg bolus doses or as an 
intravenous infusion to treat and possibly prevent bleeding.

• If bleeding occurs, address source control in addition to 
reversing low-molecular-weight heparin (LMWH).

• Contact Poison Control, particularly for cases of suspected or 
confirmed polysubstance overdose.

• Consider consulting the thrombosis or hematology service, 
particularly for cases involving massive overdose or severe 
bleeding.

Laboratory monitoring
• Order a complete blood count and serum creatinine with admission 

blood work to assess baseline hemoglobin and renal clearance.

• Serially monitor LMWH anti-Xa levels or activated partial 
thromboplastin time to assess response to protamine sulfate.
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