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Abstract
Patients with COVID-19 have a coagulopathy and high thrombotic risk. In a cohort of 69 intensive care unit (ICU) patients we 
investigated for evidence of heparin resistance in those that have received therapeutic anticoagulation. 15 of the patients have 
received therapeutic anticoagulation with either unfractionated heparin (UFH) or low molecular weight heparin (LMWH), 
of which full information was available on 14 patients. Heparin resistance to UFH was documented in 8/10 (80%) patients 
and sub-optimal peak anti-Xa following therapeutic LMWH in 5/5 (100%) patients where this was measured (some patients 
received both anticoagulants sequentially). Spiking plasma from 12 COVID-19 ICU patient samples demonstrated decreased 
in-vitro recovery of anti-Xa compared to normal pooled plasma. In conclusion, we have found evidence of heparin resistance 
in critically unwell COVID-19 patients. Further studies investigating this are required to determine the optimal thrombo-
prophylaxis in COVID-19 and management of thrombotic episodes.

Keywords Thrombosis · Intensive care · COVID-19 · Heparin

Highlights

• Heparin resistance with unfractionated heparin or sub-
optimal anti-Xa peak with low molecular weight hepa-
rin appeared common in COVID-19 intensive care unit 
patients that received therapeutic anticoagulation.

• In-vitro spiking of COVID-19 samples from patients in 
intensive care unit with low molecular weight heparin 
failed to recover the anti-Xa level as would have been 
predicted.

• COVID-19 patients have high factor VIII and fibrinogen 
with low antithrombin which could contribute to the pic-
ture seen.

• Further studies are needed to confirm our findings and 
also describe the mechanism of heparin resistance in 

these patients as well as optimal management of throm-
bosis in COVID-19.

Introduction

COVID-19 has been associated with hyper-inflammation, 
coagulopathy and also a high thrombotic risk in critically 
unwell patients [1, 2]. Previously we have found a cumula-
tive incidence of 30% for arterial and venous thrombosis on 
the intensive care unit (ICU) at our hospital for COVID-19 
patients [3]. This figure is comparable to other published 
series of critically unwell patients [4–7]. In an autopsy 
series pulmonary embolism and microvascular thrombosis 
was described in patients that had died from COVID-19 [8]. 
There is a report from an intensive care unit (ICU) cohort of 
COVID-19 patients that has demonstrated that patients on 
a therapeutic dose of LMWH, as primary thromboprophy-
laxis, may develop thrombosis despite this escalated dose; 
the authors found a cumulative incidence for venous throm-
boembolism (VTE) of 56% in those patients [9]. There is 
therefore concern that thrombosis is a significant patho-
logical mechanism of COVID-19. In light of this we aimed 
to review the clinical and laboratory evidence for heparin 
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resistance in patients with COVID-19 at our intensive care 
unit.

Methods

This was a retrospective study of patients with COVID-19 
admitted to the ICU at Addenbrooke’s Hospital from 1st 
March 2020 until 21st April 2020 with COVID-19 con-
firmed by polymerase chain reaction swab of the respira-
tory tract. This study had full institutional approval from 
the Trust research and development department. The medi-
cal notes (Epic, WI, USA) were interrogated and statisti-
cal analysis was performed using Microsoft Excel 2010 
(Microsoft, Redmond, WA, USA). A p-value of 0.05 was 
considered significant. Clinical information and laboratory 
information was collected from the medical notes. Patient 
records were identified that had therapeutic anticoagulation 
with either subcutaneous LMWH (dalteparin, Pfizer, UK, 
was the only LMWH used) or intravenous unfractionated 
heparin (UFH) (Wockhardt UK, UK). Indications for anti-
coagulation included either radiologically proven venous 
thromboembolism or prophylaxis of filter thrombosis for 
patients receiving continuous haemodiafiltration. Heparin 
resistance was defined as requiring > 35,000 units of hepa-
rin per day for those on UFH [10]. For patients on LMWH 
expected anti-Xa was defined as a 2–4  h peak anti-Xa 
activity of 0.6–1.0 IU/mL for those on twice daily dosing 
and > 1.0 IU/mL for those on once daily dosing [11]. At our 
hospital an activated partial thromboplastin ratio (APTR, 
defined as the activated partial thromboplastin time (APTT) 
divided by the mean of the reference range) of 1.5–2.5 is 
used as a target for therapeutic UFH. Concordance of the 
APTR/anti-Xa (performed on the same sample) was defined 
as: (i) APTR 1.5–2.5 and paired anti-Xa 0.3–0.7 IU/mL (ii) 
APTR < 1.5 and anti-Xa < 0.3 IU/mL or (iii) APTR > 2.5 and 
anti-Xa > 0.7 IU/mL.

An in-vitro LMWH spiking study was conducted on a 
convenience sample of ICU COVID-19 confirmed patients, 
sampled from the patients on ICU that 1 day, by spik-
ing citrated plasma with 0.70  IU/mL dalteparin. Base-
line antithrombin (Stago, France), One-stage factor VIII 
(FVIII:C1), Clauss fibrinogen and anti-Xa (Werfen, UK) 
were assessed using the ACL TOP 750 (Werfen, UK) prior 
to spiking. Exogenous antithrombin is not added to this anti-
Xa assay. Once spiked, the anti-Xa was reassessed immedi-
ately post spiking then at hourly intervals for 3 h. In-vitro 
recovery of the anti-Xa was determined by spiking a com-
mercial pool of normal pooled plasma (Cryocheck, Precision 
Biologic, USA) to a target concentration of 0.70 IU/mL with 
dalteparin. The normal pooled plasma anti-Xa after spik-
ing, with the deduction of the baseline anti-Xa, was defined 
as a 100% recovery of anti-Xa activity. The process was 

repeated with 12 ICU COVID-19 positive patient samples. 
Patient recovery was reported relative to that of the reference 
recovery from the normal pooled plasma. In-vitro recov-
ery = (observed increase in anti-Xa activity of patient sam-
ple from baseline/observed increased in anti-Xa activity of 
normal pooled plasma from baseline) × 100.

Results

Clinical evaluation of ICU patients

In total 69 patients have been admitted with COVID-19 to 
the ICU in the study period and 15 patients were identified 
that had received therapeutic anticoagulation with either 
LMWH or UFH. The characteristics of these 15 patients 
are summarised in Table 1; one patient in the group received 
LMWH (and no UFH) and did not have peak anti-Xa levels 
performed. Of the 10 infusions of UFH, 8 (80%) patients 
had heparin resistance (> 35,000 units/day) and of these 8 
patients, 3 required > 50,000 units heparin per day to main-
tain the target APTR (not including the 5000 unit loading 
dose). In total 17 anti-Xa assays were performed as a pair 
with an APTR and the results from this are demonstrated in 
Fig. 1. All patients on UFH had the APTR prolonged to > 1.5 
in the first 24 h of starting the infusion. The APTR was 
concordant with the anti-Xa in 11/17 (73%) results. In total 
7 patients received therapeutic LMWH (dalteparin) for man-
agement of venous thromboembolism, of which 5 patients 
had peak anti-Xa performed (after at least 3 doses and whilst 
still on ICU). For the 3 patients on twice daily therapeutic 
LMWH regimens the peak was < 0.5 IU/mL in all cases and 
for the 2 patients on once daily LMWH regimens the peak 
levels were 0.82 and 0.46 IU/mL. There was no association 
of heparin resistance with smoking (p = 1.00, Fisher exact 
test) and no patients had COPD; both previously identified 
risk factors for heparin resistance [12]. We are not aware 
of any of these patients having had a further thrombosis on 
therapeutic anticoagulation however systematic investigation 
for this has not occurred.

Laboratory testing for heparin resistance

In-vitro spiking, of 12 plasma ICU samples (3 of which 
came from patients in the cohort that had received thera-
peutic anticoagulation described above) from 1 day, showed 
a statistically significant decreased recovery of anti-Xa 
within 12/12 of the COVID19 patients assessed, p < 0.05 (t 
test), with the maximum recovery being 82% and the mini-
mum recovery being 58% when compared with a calculated 
expected recovery. The results are displayed in Table 2. The 
anti-Xa remained stable in these patients post spiking for 
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at least 3 h (data not shown). No correlation was observed 
between baseline factor VIII, antithrombin or Clauss fibrino-
gen with the anti-Xa recovery (data not shown). It is nota-
ble that these patients have grossly raised fibrinogen and 
factor VIII levels with mild decreases in the antithrombin 
(Table 2).

Discussion

The rates of heparin resistance with intravenous UFH are 
high (80%) and are likely due to the effects of increased 
fibrinogen and factor VIII on the APTT, which has been 
described previously and acts to lower the APTT and as 
a risk factor for heparin resistance [12, 13]. Previously it 
has been recommended that the anti-Xa should be used for 

UFH monitoring and dosing however this was not proved 
to be beneficial over APTT monitoring when examined in a 
randomised control trial, though potentially lower doses of 
heparin would be needed [10, 14]. In this study monitoring 
the heparin effect with anti-Xa for patients on UFH did not 
appear to add benefit to monitoring via the APTR, which 
is not unexpected as both measure the effects of heparin 
in plasma. Given the reasonable performance of the APTR 
against the anti-Xa assay and concordance in 73% of the 
paired samples then this could also suggest that higher hepa-
rin doses are required to ensure the anti-Xa is 0.3–0.7 IU/
mL. In the small cohort of critically ill patients on LMWH 
with dose based on weight the anti-Xa levels indicate sub-
therapeutic levels per Garcia et al., 2012 [11]. We have dem-
onstrated that ICU patients with COVID-19 have a decreased 
in-vitro recovery of anti-Xa activity compared to normal 
control plasma when spiked to therapeutic concentrations of 
LMWH; this did not correlate to either factor VIII, fibrino-
gen or antithrombin levels (data not shown). Previously it 
has been shown that after 2500 units of dalteparin the anti-
Xa activity is in ICU patients is approximately half of the 
value of that in healthy volunteers, and our findings are in 
accordance with that data [15].

In-vitro spiking of COVID patients with LMWH dem-
onstrate a decreased recovery of anti-Xa; this further dem-
onstrates heparin resistance within this subset of patients. 
The difference in recovery by patients suggests there is not a 
linear response to dosing of LMWH in these patients, when 
LMWH is known to have a linear dose-dependent response 
[16]. No correlation was found between the anti-Xa in-vitro 
recovery and antithrombin, factor VIII and fibrinogen levels 
however a combination of these factors may contribute to 
heparin resistance [17].

Spiking of plasma was used to assess recovery of anti-Xa 
within COVID19 patients in comparison to a normal pool, 
to ensure commutability of the in-vitro spiking assessment. 
Dalteparin was used as it has been shown to be commutable 
to patient samples on comparison to UFH [18]. The ICU 
patients that had plasma samples spiked with heparin had 
elevated baseline anti-Xa as many are on UFH in haemodia-
filtration circuits and because we are using escalated doses 
of prophylactic LMWH [3].

This study has limitations. It is a single centre study 
on a relatively small collection of heterogeneous patients 
and clinical end points were not examined and laboratory 
results were not available for all patients. In addition, we 
have not systematically collected data for every day of a 
patient’s admission and there is a relatively limited number 
of laboratory data available. We also have not been able to 
as of yet define an exact mechanism of heparin resistance 
however as we did not observe a fall in anti-Xa activity 
over time this suggests there is not time dependant deg-
radation of heparin. Some patients may also be on UFH 

Table 1  Patient characteristics in the study

LMWH low molecular weight heparin, UFH unfractionated heparin
a Known atherosclerosis including cerebrovascular disease, peripheral 
arterial disease or cardiac atheroma
b 2 patients received therapeutic LMWH for thrombosis followed by 
UFH for haemofiltration circuit clotting

Number of patients (%)
 Male 11 (73)
 Female 4 (27)
 Total 15 (100)

Age (%)
 40–49 1 (7)
 50–59 5 (33)
 60–69 4 (28)
 70–79 5 (33)

Weight (%)
 50–99 kg 10 (66)
 100–139 kg 3 (20)

 > 140–179 kg 2 (13)
Co-morbidities
 Arterial  diseasea 3 (20)
 Diabetes mellitus 3 (20)
 Chronic respiratory disease 2 (13)
 Number of patients receiving haemofiltration (%) 11 (73)

Indications for anticoagulation (%)b

 UFH for recurrent haemofiltration circuit clotting 9
 UFH for pulmonary embolism 1
 LMWH for pulmonary embolism 6
 LMWH for line associated thrombosis 1

Number with risk factors for heparin resistance (%)
 Chronic obstructive pulmonary disease 0 (0)
 Current or ex-smoker 5 (33)
 Median maximum UFH dose/24 h in units (range) 38,400 

(22,800–
57,600)
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however we performed experiments on LMWH which may 
have differing properties in plasma. In addition the defini-
tion of UFH resistance as > 35,000 units per day is arbi-
trary though is widely quoted in the medical literature, and 
the evidence for the use of the anti-Xa to guide LMWH 
dosing limited. Whilst we cannot exclude an effect of the 
haemodiafiltration on removing heparin, this has not been 
previously described as a significant effect with negligible 
amounts of heparin found in ultrafiltrate [19].

Conclusion

Our data demonstrates that patients with COVID-19 in the 
ICU are heparin resistant that receive therapeutic antico-
agulation with UFH and may have decreased peak anti-Xa 
levels with therapeutic LMWH. The clinical significance 
of this requires further study, as do the biological mecha-
nisms. Given the resistance to heparin seen then this could 

Fig. 1  Relationship between the 
anti-Xa assay and APTR where 
paired testing was performed r = 0.64

R² = 0.42
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Table 2  Laboratory analysis of the recovery of anti-Xa levels in 12 patients from ICU with COVID-19. In-vitro recovery of 100% was defined as 
the increase in anti-Xa activity from baseline in the normal pooled plasma after the addition of the low-molecular weight heparin

Patient number Antithrombin activ-
ity (U/dL; reference 
range ≥ 79U/dL)

Factor VIII:C1 (IU/
mL; reference range 
0.52–1.43 IU/mL)

Clauss fibrinogen 
(g/L; reference 
range 1.46–
3.33 g/L)

Baseline 
anti-Xa (IU/
ML)

Anti-X after addi-
tion of LMWH (IU/
mL)

In-vitro percentage 
recovery of anti-Xa

Normal pooled 
plasma

120.0 0.88 2.85 0.05 0.76 100

1 60.8 1.19 3.63 0.00 0.52 73
2 71.2 3.34 7.39 0.56 0.99 61
3 69.6 4.17 8.20 0.11 0.61 70
4 78.3 2.71 5.52 0.36 0.77 58
5 108.0 2.04 6.52 0.11 0.69 82
6 48.6 2.84 4.67 0.19 0.70 72
7 57.9 2.59 4.69 0.09 0.58 69
8 71.5 3.34 5.52 0.16 0.64 68
9 62.2 4.80 6.54 0.21 0.80 83
10 73.7 2.59 6.54 0.35 0.93 82
11 59.5 3.01 8.50 0.42 0.93 72
12 62.9 2.24 4.31 0.05 0.61 79
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offer some insights into why high rates of thromboprophy-
laxis failure have been seen in COVID-19 when standard 
thromboprophylactic LMWH doses are used [3, 4, 6–8]. 
On the basis of our work we will measure anti-Xa levels 
for patients on therapeutic LMWH in the ICU to ensure 
adequate dosing and continue with careful monitoring for 
those on UFH. In the acute phase UFH may be desirable 
for thrombosis in the ICU in COVID-19 to ensure thera-
peutic anticoagulation, which can be closely monitored 
in this setting, however this could be inconvenient and 
resource intensive. Further clinical and laboratory stud-
ies are required to determine the optimal thromboprophy-
laxis and management of venous/arterial thrombosis in 
patients with COVID-19 as well as mechanism of heparin 
resistance.
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