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King's College Hospital hosts a busy anticoagulation clinic in south
London within the epicentre of the COVID-19 outbreak in the UK [1].
After the UK entered a period of ‘lockdown’ from 23/03/2020, the
Government advised shielding of elderly and vulnerable patients and
limiting hospital visits. UK guidance for anticoagulation services was
issued (Guidance for the safe switching of warfarin to direct oral
anticoagulants (DOACs) for patients with non-valvular AF and venous
thromboembolism (DVT / PE) during the coronavirus pandemic) with
recommendations around maintaining safe anticoagulation whilst
minimising exposure to COVID-19 infection [2]. These included
switching to direct oral anticoagulants (DOACs) where appropriate,
self-testing INRs, increasing the INR test interval for previously stable
patients, and temporarily suspending anticoagulation with VKA therapy
where this could no longer be safely continued. Despite implementation
of these recommendations, we noted frequent high INR readings in
clinical practice during this period. Routine practice at our institution is
to perform root cause analysis on all INR results above>8.0. We report
on the frequency of supra-therapeutic INR values during the COVID-19
pandemic compared to the previous year and during lockdown and
describe the findings of the root cause analysis.

Methods

All INR results taken within our hospital and community antic-
oagulation service during a 6-week period were identified (01/03/
2020–17/04/2020) centred around the lockdown date of 23/03/2020.
We then compared these to the results from the same period in 2019.
All cases with excessive elevation of the INR (> 8.0) were selected.
Data was collated from the anticoagulant clinic record and electronic
patient records, which included patient characteristics, INR test fre-
quency, drug compliance, co-medications, and changes in diet and al-
cohol intake as well as patient-reported events including bleeding.
Bleeding events were defined by ISTH criteria [3,4]. Odds ratios (OR)
with 95% confidence intervals (95% CI) were calculated to compare the
incidence of high INRs during each time period. Root cause analysis
was performed according to routine clinical practice, and the results
reviewed by a panel of three in-house anticoagulation specialists.
COVID-19 was defined as a risk factor for a high INR reading if the
disease was possible or confirmed [5].

Results

During the 2020 reporting period, 30/3214 (0.9%) INR samples
received were > 8.0 (n = 30 patients), compared to 6/4079 (0.1%)
(n = 6 patients) during the same period in the previous year (OR 6.3,
95% CI, 2.6–15.2; p < .001).

The time in therapeutic range during this period in 2020 was 69.6%
compared with 73.7% in 2019.

The characteristics of the patients with an INR > 8 are described in
Table 1.

During the pandemic, 22/30 (73%) high INRs occurred during the
3-week lockdown period (OR 3.43, 95% CI, 1.52–7.73; p < .003). Risk
factors for a high INR were identified during root cause analysis. These
included COVID-19 infection (10 confirmed, 6 possible, totaling 16/30,
53%), antibiotic therapy (17/30, 57%), inpatient admission (12/30,
40%), recent hospital discharge within the previous 4 weeks (5/30,
17%), missed test date (3/30, 10%), entering an end of life treatment
pathway (3/30, 10%), higher target INR (3/30, 10%), other interacting
drugs (2/30, 7%) and prolonged test interval (1/30, 3%). The majority
(13/16, 81%) of patients with possible or confirmed COVID-19 were
prescribed antibiotics. In (2/30, 7%) patients the elevated INR was
unexplained. (3/30, 10%) patients experienced bleeding: 2 minor
bleeding, and 1 major bleed (spontaneous retroperitoneal haemor-
rhage), with no recorded deaths due to bleeding.

Discussion

Our data reveals a significant increase in high INR results during the
COVID-19 pandemic, with the majority occurring after the introduction
of a lockdown. The reasons for this are likely multifactorial, however
more than half of our cases had COVID-19 (possible or confirmed) and/
or antibiotic use. The use of antibiotics in patients with COVID-19 ap-
pears to be common. Given the high prevalence of COVID-19 in the
community, it is important to reinforce the need for prescribers of an-
tibiotics and patients to maintain good channels of communication with
anticoagulation clinics regarding co-prescribing of interacting drugs.
Subclinical derangements of coagulation and liver impairment have
been reported in COVID-19 which might contribute to the problem
[6,7]. Reduced vitamin K status has also been reported in patients with
COVID-19 [8]; this could be associated with malabsorption due to small
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bowel COVID-19 involvement and/or reduced dietary intake. Other
potential contributory factors include decreased access to green leafy
vegetables due to stockpiling [9], increased alcohol consumption [10],
and increased paracetamol prescribing which may have increased
warfarin sensitivity during lockdown [11]. Furthermore, the psycho-
logical impact of social distancing and bereavement may have affected
adherence to regular medications during this period [12].

Prior to increasing INR test intervals or switching patients from
warfarin to a DOAC during the pandemic (in keeping with UK gui-
dance), the data highlights the importance of careful individual risk
assessment, given the high incidence of elevated INRs, frequent pre-
scribing of co-medications and unforeseen consequences of a lockdown.
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Table 1
Patient characteristics for those with an INR>8 in 2019 and 2020.

Patient characteristics 2020
n = 30

2019
n = 6

n % n %

Gender (male) 16 53 4 67
Age (years), mean [sd] 71 [14.5) – 70 [16.7] –

Ethnicity
White 16 53 4 67
Black 8 27 2 33
Hispanic 4 13 – –
Asian 2 7 – –
Care home resident 3 10 1 17

Indication for anticoagulation
AF 12 40 – –
APS 2 7 – –
VTE⁎ 8 27 6 100
LV Thrombus 2 7 – –
Aortic valve replacement 2 7 – –
Mitral valve replacement 1 3 – –
CVA embolic 2 7 – –

INR target range
2–3 26 87 3 50
2.5–3.5 2 7 3 50
3–4 2 7 – –

Abbreviations: AF, atrial fibrillation; APS, antiphospholipid syndrome; VTE,
venous thromboembolism; LV, left ventricular thrombus; CVA, cerebral vas-
cular accident; SD, standard deviation.

⁎ Included DVT, PE, renal vein thrombosis, cerebral sinus vein thrombosis,
portal vein thrombosis.

⁎ Corresponding author at: King's Thrombosis Centre, Department of Haematological Medicine, King's College Hospital, Denmark Hill, London, UK.
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