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Abstract
To evaluate the hypothesis that patients with a history of intravenous drug misuse (IVDM) initiated on weight-based heparin 
infusions require higher than expected infusion rates to achieve therapeutic activated partial thromboplastin time (aPTT). 
This study is a multicenter, retrospective chart review of patients with a history of IVDM who were admitted to an acute care 
site between 10/1/2015 and 9/30/2020 and treated with continuous heparin infusions. Patients were identified using ICD9 
and ICD10 codes and included if they had a documented history of IVDM within the past six months. Variables of particular 
interest included: median heparin infusion rates to maintain therapeutic aPTT, average time to reach therapeutic aPTT, and 
International Society of Thrombosis and Haemostasis Criteria for moderate to severe bleeding. Of the 41 patients who met 
the inclusion and exclusion criteria, 39 achieved therapeutic aPTT while on a weight-based heparin infusion. All heparin 
infusions were initiated at a rate of 18 units/kg/hr then titrated per institutional heparin infusion protocols. The mean time 
to therapeutic aPTT was 38.48 h ± 26.4 h with a mean infusion rate of 27.64 ± 7.14 units/kg/hr. To maintain therapeutic 
anticoagulation, infusion rates 150% higher than the initial rate were required. Of the 39 patients who achieved therapeutic 
aPTT, 85% (33) met criteria for heparin resistance, defined as greater than 35,000 units of heparin daily. No statistical sig-
nificance could be derived from this retrospective chart review as therapeutic heparin rates were evaluated in comparison to 
initial infusion rate, rather than a control group. The findings in this study demonstrate a possible clinical association of the 
reduced antithrombin activity previously described in opiate misusers. To efficiently achieve therapeutic anticoagulation, it 
may be appropriate to consider use of heparin antiXa monitoring in place of aPTT or utilization of increased initial heparin 
infusion rates.
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Highlights

• Implications of intravenous drug misuse (IVDM) on 
pharmacokinetic and pharmacodynamics properties of 
heparin are not well understood.

• The findings outlined in this study demonstrated 
increased heparin requirements in patients with a his-
tory of IVDM.

• Despite increased heparin dosing requirements, patients 
did not experience a clinically significant increase in 
moderate to severe bleeds as defined by the International 
Society of Thrombosis and Haemostasis (ISTH).

• Ideal future studies should include a larger sample size, 
compare findings to a control group, and be prospective 
in nature.
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Background

Unfractionated heparin is a parenteral anticoagulant that 
exerts its effects by inactivating thrombin and activated 
factor X within the coagulation cascade [1–3]. Through 
inactivation of thrombin, fibrin formation is inhibited, 
downstream platelets and clotting factors are not activated, 
and further clot formation is prevented. As such, heparin 
may be used to treat conditions such as pulmonary emboli 
(PE), deep vein thromboses (DVT), stroke, and other 
coagulopathies. To ensure therapeutic efficacy of hepa-
rin, aPTT is measured every six hours until two therapeu-
tic aPTTs are obtained, and then aPTT is measured daily. 
At the care sites included in this study, therapeutic aPTT 
is defined as 68–104 s. (Supplemental Table 1 describes 
institutional heparin protocol).

Heparin may also be monitored using anti-Xa assays, 
which measure the ability of heparin antithrombin com-
plex to inhibit activated coagulation factor X. Heparin 
anti-Xa is a more direct and less variable measure of 
heparin activity since it measures inhibition of only one 
enzyme. Additionally, heparin anti-Xa is less likely to be 
influenced by biologic factors. Despite these potential 
advantages, anti-Xa use may be limited by cost and labo-
ratory availability [4–6].

In February 2020, a patient with history of IVDM 
received a continuous heparin infusion for the treatment 
of PE. In order to maintain therapeutic aPTT, the patient 
required heparin infusion rates of 38–52 units/kg/hr total-
ing more than 100,000 units/day. This is notably higher 
than the threshold for heparin resistance, which is defined 
as requiring more than 35,000 units/day to reach thera-
peutic aPTT [6, 7].

Heparin resistance is most commonly caused by 
antithrombin deficiency but other causes may include 
congenital deficiencies, disseminated intravascular coag-
ulation (DIC), increased heparin clearance levels (such 
as splenomegaly in liver disease), use of high doses of 
heparin during extracorporeal circulation, or use of aspara-
ginase therapy. Heparin resistance has also been reported 

in critically ill patients with coronavirus disease 2019 
(Covid-19) [6–11].

To date, there is no literature that evaluates continuous 
heparin infusion rates in patients with a history of IVDM; 
however, Ceriello and colleagues compared antithrombin 
activity and concentrations among 19 intravenous heroin 
misusers and 20 otherwise healthy volunteers [12]. A sta-
tistically significant decrease in antithrombin activity was 
observed in patients who misused heroin compared to 
healthy volunteers [12]. Patients with a history of IVDM 
also experienced a poor correlation between antithrombin 
concentrations versus antithrombin activity [12]. Given 
that the most common pathology for heparin resistance is 
antithrombin deficiency, we hypothesized that the reduced 
antithrombin activity observed in the IVDM population 
would manifest clinically as heparin resistance and that 
patients with history of IVDM would require higher than 
expected infusion rates to achieve and maintain therapeutic 
aPTT.

Methods

Study design

This multi-center, retrospective chart review evaluated 
patients with a documented history of IVDM who received 
treatment with a continuous weight-based heparin infusion 
for more than 48 h.

All data was securely stored in REDCap (Research Elec-
tronic Data Capture) and subject to a second chart review to 
ensure data accuracy.

Study population

Subjects were identified using ICD9 (304.40, 304.50, 
305.50, 305.60) and ICD10 (F11.10, F14.10, F15.10, 
F16.10) codes at seven acute care facilities admitted between 
10/1/2015 and 9/30/2020. The study design flowchart and 
patient enrollment are shown in Fig. 1. A reproducible algo-
rithm for identifying patients was created by an assigned 

Fig. 1  Resultant sample popula-
tion based on inclusion/exclu-
sion criteria

Patients treated with continuous weight-based heparin 

infusions for >48 hours between 10/1/2015 – 9/30/2020 as 

identified by diagnosis codes

(n=101)

Patients with documented IVDM within the past six months

(n=63)

Study population included for analysis

(n=41)

Excluded patients without a documented history 

of IVDM within the past six months on an intake 

or discharge note

(n=38)

Excluded female patients of childbearing age 

without a negative pregnancy test

(n=22)
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informaticist. This algorithm identified 101 potential sub-
jects with at least one of the aforementioned diagnosis 
codes, age > 18 years, and weight-based heparin infusions 
continued for more than 48 h. Patients without a documented 
history of IVDM within the past six months in their admit-
ting or discharge progress notes were excluded (n = 38). Of 
the 63 potential subjects that remained, 22 patients were 
females of childbearing age without a negative pregnancy 
test on file. Once removed, this resulted in a sample size of 
41 patients.

Inclusion criteria

All patients age 18 years or older with a recent documented 
history (within the past six months) of IVDM who received 
treatment with a weight-based heparin infusion between 
10/1/2015 and 9/30/2020 were included in this study. For 
the purposes of streamlined data collection, only patients 
who presented to an acute care facility with an implemented, 
shared electronic medical record on or before 10/1/2015 
were included.

Exclusion criteria

Pregnant females and women of child-bearing age without a 
negative pregnancy test on file were excluded. Patients were 
also excluded if the heparin infusion was non-continuous 
(i.e., interrupted outside of what would have been required 
of the weight-based heparin infusion protocol) or if the hep-
arin infusion was not continued for at least 48 consecutive 
hours. Patients who were initiated on a heparin infusion at a 
facility outside of the seven identified acute care sites were 
excluded as the research team could not confirm that a simi-
lar weight-based heparin protocol was used.

Study outcomes

The primary outcome of this retrospective chart review was 
to describe therapeutic heparin infusion rates in patients 
with recent (within the past six months) documented his-
tory of IVDM for the treatment of all labeled indications. 
To describe this aim, the lowest, highest, and maintenance 
infusion rates were recorded for all patients who reached a 
therapeutic activated partial thromboplastin time (aPTT).

Secondary outcomes looked to determine the average 
time to reach therapeutic aPTT in this patient population 
and to identify patients who have suffered moderate to severe 
bleeds secondary to increased heparin infusion rates. To help 
define the secondary safety outcome, the International Soci-
ety of Thrombosis and Haemostasis (ISTH) criteria were 
utilized [13], which noted fatal bleeds, bleeds in a critical 
area, and bleeds that resulted in a decrease in hemoglobin by 
more than 2 g/dL and/or required blood transfusions.

Statistical analysis

All data was analyzed utilizing Excel and SPSS. This was 
a descriptive study; all variables were summarized utiliz-
ing appropriate descriptive statics. Continuous variables 
were summarized with means and standard deviations. 
Categorical variables were summarized with counts and 
percentages.

Results

Demographic outcomes

In total, 41 patients met the inclusion and exclusion crite-
ria previously described. All patient demographic informa-
tion is located in Table 1.

Clinical outcomes

Table 2 and Fig. 2 represent heparin infusion require-
ments among the 41 patients included in this study. As the 
table indicates, 39 of the 41 patients achieved therapeutic 
aPTT. Average time to therapeutic anticoagulation was 
35.5 (SD: ± 26.4) hours. To maintain therapeutic aPTT, 
an average infusion rate of 27.6 (SD: ± 7.1) units/kg/hr 
was required. Maintenance infusion rate, as defined by 
this study, is the heparin infusion rate for which patients 
maintained therapeutic aPTT for the longest duration. The 
mean maintenance infusion rate for patients in this study 
was 150%, or 9.6 units/kg/hr more than the initial heparin 
infusion rate. When median infusion rate was multiplied 
over a 24 h period, 85% of patients with therapeutic aPTT 
(33) met criteria for heparin resistance, defined as greater 
than 35,000 units of heparin daily.

Safety outcomes

The International Society on Thrombosis and Haemostasis 
(ISTH) defines major bleeding in non-surgical patients as 
symptomatic presentation coupled with one of the follow-
ing criteria: (1) fatal bleed, (2) symptomatic bleed in a 
critical area, and/or (3) bleed associated with a decrease in 
hemoglobin level of more than 2 g/dL or requiring blood 
transfusions of two or more units of whole blood/red blood 
cells [9]. Critical areas are defined as intracranial, intraspi-
nal, intraocular, retroperitoneal, intra-articular, intra-peri-
cardial, or intramuscular with compartment syndrome [9]. 
Of the 41 patients included in this study, none suffered 
a fatal bleed or a symptomatic bleed in a critical area. 
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One patient did experience a gastrointestinal bleed that 
resulted in a hemoglobin decrease of more than 2 g/dL, 
which qualified as a major bleeding event. This data is 
summarized in Table 3.

Discussion

Our study aimed to address a knowledge gap in the literature 
surrounding altered heparin pharmacokinetics in patients 
with history of IVDM. A prior study by Ceriello and col-
leagues found no difference in antithrombin plasma concen-
tration between heroin users and control group; however, 
antithrombin activity was demonstrated to be significantly 
decreased in heroin users. As of the date of publication, 
there are no studies that evaluate the impact of IVDM on 
heparin infusion requirements. As previously described, 
the IVDM patients in our study required heparin infusion 
rates over 150% of the initial recommended infusion rate. 
The increase in heparin dosing requirements is most likely 
explained by reduced antithrombin activity previously dem-
onstrated in IVDM [12].

Antithrombin is a serine protease inhibitor which serves 
as the primary inhibitor of thrombin, but also inactivates 
factors IXa, Xa, XIa, and XIIa of the coagulation cascade 
[9]. As heparin depends on presence of antithrombin to exert 
therapeutic effect, patients with antithrombin deficiency 
often require higher than expected heparin infusion rates to 
achieve therapeutic anticoagulation. Additionally, illicit drug 
users have demonstrated increased secretion of acute phase 
reactants such as C-reactive protein (CRP) and serum amy-
loid A (SAA) [14]. Since some of the heparin-binding pro-
teins are also acute-phase reactants, nonspecific binding to 
these proteins may contribute to variability of anticoagulant 
response and heparin resistance in patients with IVDM [15].

Laboratory monitoring of heparin may serve as another 
explanation for the increased heparin infusion rates observed 
in this study. A study by Levine et al. demonstrated superi-
ority of heparin anti-Xa assays in heparin resistant patients 
(requiring greater than 35,000 units of heparin daily) 
[16]. Levine et al. also demonstrated significantly reduced 
amounts of heparin in patients monitored by anti-Xa assays 
[16]. When heparin resistance is a concern, anti-Xa assays 
can be used to measure anticoagulation from heparin, with a 
target of 0.3 to 0.7 IU per milliliter [4–6]. As this study was 
retrospective, anti-Xa measurements were not available for 

Table 1  Summary of baseline patient demographics

Patient demographics Heparin infusion 
in IVDM (n = 41)

Age (years) ± SD 35 ± 9.4
Gender
 Male 18 (43.9%)
 Female 23 (56.1%)

Total body weight (kg) ± SD 74.2 ± 21.6
Body mass index (kg/m2)
  < 18.5 4 (9.8%)
 18.5–24.9 14 (34.1%)
 25–29.9 13 (31.7%)
 30–34.9 8 (19.5%)
 35–39.9 1 (2.4%)

  ≥ 40 1 (2.4%)
CrCl (mL/min)
  < 15 or Dialysis 0 (0%)
 15–29.9 3 (7.3%)
 30–59.9 1 (2.4%)
 60–89.9 6 (14.6%)

  ≥ 90 31 (75.6%)
Indication for heparin infusion
 Acute deep vein thrombosis (DVT) 20 (49%)
 Acute pulmonary embolism (PE) 14 (34%)
 History of DVT/PE 7 (17%)

Proximity of IVDM to hospital admission
  < 48 h 18 (43.9%)
  ≤ 1 week 11 (26.8%)
  > 1 week 6 (14.6%)
  < 1 month 6 (14.6%)
Urine toxicology results
 Positive 29 (70.7%)
  Opiates 14 (34%)
  Oxycodone 4 (9.8%)
  Cocaine 10 (24.4%)
  Amphetamines 12 (29.3%)
  Benzodiazepines 2 (4.9%)
  Barbituates 1 (2.4%)
  Tetrahydrocannabinol (THC) 5 (12.2%)
  Tricyclic antidepressants 1 (2.4%)
  Fentanyl 1 (2.4%)
  Methadone 1 (2.4%)

 Negative 4 (9.7%)
 Not obtained 8 (19.5%)

Table 2  Summary of heparin infusion rates in patients with history 
of IVDM

Heparin infusion rates in patients with history of IVDM (n = 41)

Number of patients who achieved therapeutic aPTT (%) 39 (95.1%)
Time to reach therapeutic aPTT, mean (hr) 38.5 ± 26.4
Initial infusion rate, mean (units/kg/hr) 18 ± 0
Lowest infusion rate when therapeutic, mean (units/kg/

hr)
25 ± 7.8

Highest infusion rate when therapeutic, mean (units/
kg/hr)

28.7 ± 6.6

Maintenance infusion rate, mean (units/kg/hr) 27.6 ± 7.1
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analysis, as aPTT is the standard laboratory utilized by our 
institution for heparin monitoring.

Previous literature has shown altered vancomycin and 
aminoglycoside pharmacokinetics in the IVDM population 
as well, where increased doses were required to reach thera-
peutic concentrations [17, 18]. These studies postulated that 
increased requirements may be secondary to enhanced clear-
ance via altered filtration and secretory clearance. Heparin 
is similar to aminoglycosides and vancomycin in that it is 
a large molecule; however, it is only partially eliminated 
through renal excretion, so alterations in renal function 
are likely not the sole contributor for the clinical findings 
observed in our study.

The retrospective design of our study limited our ability 
to control for external confounding factors. Also, heparin 
anti-Xa levels were unavailable for interpretation as aPTT 
is the standard heparin monitoring lab at our institution. 
Documentation of IVDM, and therefore patient inclusion, 
was dependent upon patient reporting in a population that 
may not be forthcoming about their illicit substance use. 
Generalizability of our study may be limited as although 
performed at multiple centers, each campus is within the 
same health system and primarily located within central 

Ohio. Furthermore, external validity may be limited by use 
of an institution specific dosing calculator for determination 
of heparin drip titration in accordance to aPTT. Lastly, our 
study lacked a non-intravenous drug misusing control group, 
opting to use the initial heparin rate as a comparator.

Given the continued opioid epidemic and growth of intra-
venous drug misuse in recent years, this study sought to 
address a lack of literature in the IVDM population. Current 
weight-based heparin infusion protocols do not differenti-
ate between intravenous drug misusers and their non-using 
counterparts. This lack of distinction can potentially lead 
to a delay in therapeutic anticoagulation. Future studies are 
required to validate the findings of our evaluation. Ideally, 
studies would include a larger sample size with a non-intra-
venous drug misusing control group. These studies should 
be prospective to prevent confounding factors, limit dis-
crepancies in documentation, and potentially differentiate 
between the substances that were misused. Prospective stud-
ies should rule out other causes of heparin resistance such as 
increased levels of factor VIII or fibrinogen, deficiencies of 
antithrombin, and binding of acute phase proteins to heparin. 
Additionally, further evaluation on effect of other factors 
such as route of drug administration and substance of abuse 
would further characterize heparin pharmacokinetic changes 
in this population.

Conclusion

The findings in this study demonstrate a possible clinical 
association of the reduced antithrombin activity previously 
described in opiate misusers. To efficiently achieve therapeu-
tic anticoagulation, it may be appropriate to consider use of 

Fig. 2  Heparin infusion rate 
and time to therapeutic aPTT 
for all patients who achieved 
therapeutic aPTT
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Table 3  Assessment of moderate to severe bleeds as defined by ISTH 
criteria

Assessment of ISTH criteria (n = 41)

Yes No

Fatal bleed 0 41
Symptomatic bleed in a critical area 0 41
Bleed associated with a decrease in Hgb > 2 g/dL 

and/or requiring blood transfusions
1 40
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heparin antiXa monitoring in place of aPTT or utilization of 
increased initial heparin infusion rates.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11239- 021- 02615-z.
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