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Abstract

Background In older patients with nonvalvular atrial fibrillation, oral anticoagulation is challenging, especially among very
old patients. Even though positive effects of oral anticoagulation have been described in this age group (> 85 years), there
is still a high rate of inappropriate dosing.

Objective This study examines the quality of care for very old hospitalized patients. The aims of this study were to (1)
describe the percentage of patients receiving oral anticoagulation at discharge, (2) describe the quality of drug management
at discharge, regarding dosing and contraindications, and (3) provide additional data towards establishing a benchmark for
the quality of care in very old patients with atrial fibrillation.

Methods This study is a single-center descriptive observational study. The data from 407 patients aged > 85 years who were
hospitalized in 2018 with nonvalvular atrial fibrillation were collected retrospectively from the patient charts. The assessment
included specific geriatric aspects, such as falls, the Charlson Comorbidity Index, and nursing categorization.

Results During hospitalization, the proportion of anticoagulated patients increased from 57.5% (n = 234) to 67.3% (n =
274). We found an increasing trend in the use of direct oral anticoagulants, with an increase from 39.8% (n = 162) to 46.2%
(n = 188). Regarding the quality of drug management, 13.8% (n = 56) of the patients were not anticoagulated even in the
absence of a recognizable contraindication, whereas a contraindication was ignored in only 0.8% (n = 2 out of 188). Dosing
was appropriate among all patients taking rivaroxaban, edoxaban, and dabigatran. The dose of apixaban was not reduced in
23.6% (n =21 out of 89), although this dose reduction was necessary according to the dose adjustment criteria. An underdose
of a direct oral anticoagulant was found in 26.1% of the patients (n = 49 out of 188).

Conclusions Compared to the results reported in the literature, the percentage of very old patients with atrial fibrillation
receiving anticoagulants was high. During hospitalization, the proportion of patients receiving a direct oral anticoagulant
increased, which was in contrast to the trend in the proportion of patients taking phenprocoumon. Our results could help to
find a benchmark for anticoagulation management among hospitalized very old patients.

There is an increasing trend in the administration of
direct oral anticoagulants in hospitalized very old
patients.

There is potential for improvement in drug management
with regard to dosage.
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1 Background

The prevalence of atrial fibrillation (AF) increases with
age, reaching 15% in the group aged older than 85 years
[1]. For this reason, oral anticoagulation (OAC) is of par-
ticular importance for the prevention of stroke and sys-
temic thromboembolism [2-5]. For a long time, vitamin
K antagonists, such as phenprocoumon and warfarin, were
the only available OACs. Only approximately half of the
patients received this drug therapy, which shows clear
drug undertreatment [6]. Withholding OACs increases the
risk of stroke, particularly in very old patients. Currently,
direct oral anticoagulants (DOACs) are the first choice
for patients with newly diagnosed AF because they have
a more favorable risk-benefit profile. For example, intrac-
ranial hemorrhage, which is a serious complication of
treatment with OACs, occurs significantly less frequently
when patients are treated with DOACs than when they are
treated with vitamin K antagonists [7]. Regarding the pri-
mary efficacy endpoint, DOACs were at least not inferior
to warfarin [8—12].

Therefore, especially in old age, many people benefit
from OACs [2]. There are over 2 million patients diag-
nosed with AF in the USA, and an equally large number
of undiagnosed cases is thought to exist. The prevalence of
AF is estimated to double by 2050 [3]. In North America,
Australia, and Western Europe, approximately 70% of all
patients with AF are over 65 years of age [13, 14].

According to the European Society of Cardiology
guidelines for the management of AF, the essential param-
eters used to adjust the dose are age, body weight, and
renal function. In particular, with regard to renal insuf-
ficiency, these parameters can ultimately lead to contrain-
dications [15, 16]. It is important to administer an appro-
priate dose because a DOAC dose that is too low does not
reduce the risk of stroke [2, 17]. With this in mind, the aim
of this study was to determine the quality of care of very
old patients with AF in a geriatric department.

Because of the very limited data available on very old
patients (> 85 years) with AF and OAC, we wanted to
supplement the data for this patient group with our study
to be able to guarantee the best possible care. The data
from the present study on anticoagulation in very old
patients with AF (AVOPA) could help to find a benchmark
for comparing the quality of OACs in a very old group
patients with comorbities. First, the percentage of very
old, hospitalized patients with AF who received OACs
was calculated. Second, the drug that was most commonly
prescribed by geritricians was determined. The quality of
the medication was then examined and the proportions of
patients who received the appropriate dose and whom the
contraindications were correctly taken into account were
calculated. Finally, we assessed the extent to which our
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data with regard to the parameters of the CHADS, score
were comparable to data from randomized controlled trials
(RCTs) of DOAC:s.

2 Patients and Methods
2.1 Study Design and Population

In the present, single-center descriptive observational study,
all patients aged > 85 years with nonvalvular AF, who were
admitted to a geriatric department in 2018, were included. A
very old patient group was generated. Patients who died dur-
ing hospitalization were excluded to create a common start-
ing and ending point and thus the opportunity to investigate
changes in OACs during hospitalization. Only the data from
hospitalized patients were collected because the aim was to
investigate hospital care. Outpatients were excluded. In total,
the data from 407 patients were collected retrospectively.
The information was collected from medical histories and
patient charts. Because of the comprehensive documenta-
tion and the standardized process, there were no missing
data for the parameters collected. The data were anonymized
and evaluated. All patient characteristics can be seen in the
Electronic Supplementary Material.

Weight, height, body mass index, systolic blood pres-
sure, diastolic blood pressure, urea, serum creatinine, esti-
mated glomerular filtration rate, and activities of daily liv-
ing were measured immediately before discharge. Because
of the lack of the measurement of creatinine clearance, the
estimated glomerular filtration rate was used as a substi-
tute in this study. The need for nursing care was assessed
by using a score from 1 (independent) to 4 (completely
dependent). The level of nursing care included the fol-
lowing service areas: self-care, nutrition, toileting, motor
skills, safety, and communication. In grade 1, no nursing
assistance is necessary. In grade 2, help is required with
the preparation and follow-up of activities, but the patient
can mostly be left alone. In grade 3, it is necessary for
the staff to take charge of the activities, and the nurse
must always be present when the patient is performing
the activities. In grade 4, full support is required during
the activity.

Furthermore, the Barthel Index was used, which measures
the likelihood of being able to live at home with a degree of
independence following discharge from hospital [18]. Modi-
fied by Granger, Dewis, Peters, Sherwood, and Barrett and
refined by Shah, Vanclay, and Cooper, the index includes
ten basic activities of daily living: bowels, bladder, groom-
ing, toilet use, feeding, transfers, walking, dressing, climbing
stairs, and bathing. Every item is scored 0—10 points, with a
total score of 0—-100 [19, 20].
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In addition, the CHADS, score, the CHA,DS,-VASc
score, and the HAS-BLED score were calculated based
on information obtained from the patient charts [21-23].
The CHADS, score and the CHA,DS,-VASc score indi-
cate the clinical risk of stroke, and the HAS-BLED score
shows the clinical risk of bleeding.

The Charlson Comorbidity Index (CCI) was used to
measure the burden of disease. The index was devel-
oped to measure 1-year mortality based on 19 different
comorbidities. Higher scores indicate higher burdens of
comorbidities with a maximum of 85% with > 5 points
[24]. The process of camparing the groups is shown in
the flowchart (Fig. 1).

First, we compared patient characteristics between the
group taking OACs and those not taking anticoagulants.
Second, we analyzed the group of patients receiving an
inappropriately low dose of a DOAC and checked all
patients for contraindications. Third, we compared the
data from our study population with the data from the
DOAC RCTs using the CHADS, score.

2.2 Statistics

The data analysis was carried out with SPSS Statistics 22,
Version 22.0.0.0 (IBM, Ehningen, Baden-Wiirttemberg,
Germany). Descriptive data are shown as numbers, per-
centages, mean values, and standard deviations.

The Mann—Whitney U test for independent samples
was selected to check the significance of the differences
in mean values for continuous variables. Furthermore, we
calculated the median and the interquartile range to ena-
ble a better comparison. A p value <0.05 indicated sig-
nificance, and 95% confidence intervals were calculated.
Chi-square tests were used to determine significance.

2.3 Ethics Consideration

This was a retrospective study with anonymized data, and
approval was given by the institutional review board of the
hospital.

3 Results
3.1 Main Outcome

During hospitalization, the proportion of patients receiv-
ing OACs increased from 55.3 to 59.4%. In total, 67.3% of
the patients were receiving anticoagulants at hospital dis-
charge. We found that the proportion of patients receiving
DOAC:S increased from 39.8 to 46.2%, while the proportion
of patients treated with phenprocoumon decreased from 15.5
to 13.2%.

3.2 Secondary Outcomes

Apixaban was the most common drug used for anticoagu-
lation (26.5%). A total of 13.8% of the study population
with missing or unrecognizable contraindications did not
receive any anticoagulation. We compared this group with
the 59.4% of patients receiving OACs. The Barthel Index
and the CHA,DS,-VASc score were higher in the group
receiving OACs.

A reduced dose was prescribed to 31.0% of the patients
(n = 49 out of 158 patients with a reduced DOAC dose),
although the criteria for a reduced dose were not met. This
patient group was underdosed. A comparison of this group
of patients with the group with the correct dosage showed
that the former patients were on average older, had higher
serum creatinine levels, were significantly more likely to

Fig.1 Flowchart. AF atrial
fibrillation, AVOPA anticoagula-

AVOPA study population: Patients with non-valvular AF > 85 years
admitted to the geriatric department at the Nuremberg Clinic in 2018

tion in very old patients with (n=407)
atrial fibrillation, DOAC direct l
oral anticoagulant, OAC oral v ¥ 7 V
anticoagulation
Patients without anticoagulation: . . . .
Patients with heparin Patients with OAC Missing or unrecognizable PaneEr:(tiZtmmS::]‘?gitrll%?:agl?;z“on‘
(n=32) (n=242) contraindication 9 —
(n=56) (hn=77)
Patients with DOAC pr:; ar:;)e}gtcso‘fjvi::)n
(n=188) (e 54)
Correct dose Too low a dose
(n=188) (n=49)
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have fallen in the last 8 weeks, and had a higher CCI score.
A further comparison of our data with the data from the
DOAC RCT showed similar values for the CHADS, score
in both populations.

3.3 Type of Anticoagulation

At the time of hospital admission, 57.5% (n = 234) of the
patients were already receiving an anticoagulant. A total of
55.3% (n = 225) were taking an OAC at hospital admission.
By discharge, the proportion of patients taking an antico-
agulant had increased to 67.3% (n = 274), and the propor-
tion of patients taking OACs had risen to 59.4% (n = 242).
There was a relative increase of 17.1% (n = 40 out of 234)
in patients receiving anticoagulants and a relative increase of
7.6% (n = 17 out of 225) in patients taking OACs (Table 1).

In 46.2% (n = 188) of the cases, a DOAC was prescribed.
Apixaban was the most commonly prescribed drug in 26.5%
of the patients (n = 108), followed by rivaroxaban in 10.6%
(n = 43) and edoxaban in 7.4% (n = 30). Dabigatran was
only used in 1.7% of the patients (n = 7). Phenprocoumon

Table 1 Type of anticoagulant

was the next most common drug after DOACS and was pre-
scribed to 13.2% of the patients (n = 54). Heparin and low-
molecular-weight heparin were used in 7.9% of the patients
(n = 32), usually in connection with bridging, during inter-
ventions or in the case of severe renal failure (Figs. 2, 3).
The patients who were discharged with heparin were recom-
mended to switch to another drug as an outpatient. Patients
were also transferred to other departments on heparin.
Detailed data were not collected. However, this group was
by definition excluded from the group of patients with OACs
to avoid affecting the results.

During hospitalization, we found an increase in the pro-
portion of patients on DOACs from 39.8% (n = 162) to
46.2% (n = 188), which was a relative increase of 16.0%
(n = 26). Accordingly, we observed a relative decrease of
14.3% (n = 9) in the proportion of patients treated with
phenprocoumon, which decreased from 15.5% (n = 63) to
13.2% (n = 54). The most clinically relevant change, which
was a relative increase of 36.7% (n = 29), was found in
the group of patients taking apixaban. The proportion rose

Anticoagulant treatment at hospital admission?, no./total (%)

Anticoagulant treatment at discharge?®, no./total (%)

No anticoagulant treatment at discharge, no./currently not taking an anticoagulant (%)
Existing contraindication, no./currently not taking an anticoagulant (%)

Missing or unrecognizable contraindication, no./currently not taking an anticoagulant (%)

OAC at hospital admission, no./total (%)
DOAC, no./total (%)
Phenprocoumon, no./total (%)

Other substances at hospital admission
Antiplatelet agent, no./total (%)
Heparin, no./total (%)

OAC at discharge, no./total (%)
DOAC, no./total (%)
Phenprocoumon, no./total (%)

Other substances at discharge
Antiplatelet agent, no./total (%)
Heparin, no./total (%)

DOAC at discharge
Apixaban, no./total (%)

Reduced dose, no./apixaban (%)
Rivaroxaban, no./total (%)

Reduced dose, no./rivaroxaban (%)
Edoxaban, no./total (%)

Reduced dose, no./edoxaban (%)
Dabigatran, no./total (%)

Reduced dose, no./dabigatran (%)

234/407 (57.5)
274/407 (67.3)
133/407 (32.7)
77/133 (57.9)
56/133 (42.1)
225/407 (55.3)
162/407 (39.8)
63/407 (15.5)

50/407 (12.3)
9/407 (2.2)
242/407 (59.4)
188/407 (46.2)
54/407 (13.2)

52/407 (12.7)
32/407 (7.9)

108/407 (26.5)
85/108 (78.7)
43/407 (10.6)
40/43 (93.0)
30/407 (7.4)
26/30 (86.7)
7/407 (1.7)
7/7 (100)

DOAC direct oral anticoagulant, OAC oral anticoagulant
*Including DOACs, phenprocoumon and heparin
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Fig.2 Anticoagulation therapy
at discharge

81
19.9%

Fig.3 Direct oral anticoagu-
lants (DOAC:s) at discharge

from 19.4% (n = 79) to 26.5% (n = 108). Figure 4 shows the
changes in absolute numbers.

3.4 Comparison of Patients with OACs
and without Anticoagulants

Only 0.8% of the patients (n = 2 out of 188) were receiv-
ing an OAC despite a contraindication. In total, 32.7% (n
= 133) of the patients were not receiving an oral antico-
agulant or heparin. In this group of 133 patients who were
not undergoing anticoagulation at discharge, a contrain-
dication was found in 57.9% (n = 77 out of 133). Accord-
ingly, 42.1% (n = 56 out of 133) had missing or unrec-
ognizable contraindications. This accounted for 13.8%
(n = 56) of the total study population of 407 patients.
To identify the reasons for withholding anticoagulation
from these 56 patients with missing or unrecognizable

u Direct oral anticoagulants (DOAC)

Without anticoagulants or antiplatelet drugs

= Phenprocoumon

= Antiplatelet drug

Heparin

u Apixaban

Rivaroxaban

= Edoxaban

® Dabigatran

contraindications, these patients were compared with the
group of 242 patients receiving OACs (Table 2).

The Barthel Index differed between the two groups by
19.4 points, with the higher value of 57.4 points in the
group taking OACs and the lower value of 38.0 points in
the group not undergoing anticoagulation. The difference
was statistically significant, with a p value of <0.001. The
CHA,DS,-VASc score of 4.4 points in the group not under-
going anticoagulation was 0.4 points lower than the 4.8
points in the group taking OACs. The difference was not
statistically significant, with a p value of 0.114.

3.5 Comparison of Patients with Correct DOAC
Doses and Inappropriately Low Doses

With regard to the recommended dose adjustment criteria,
the dose was reduced in 84.0% (n = 158 out of 188) of the
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Anticoagulant at hospital admission -13 25 - 63 9
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= Apixaban

Fig.4 Substance at hospital admission and anticoagulant at discharge
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Heparin
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Table 2 Differences between the patient groups: patients with OACs and those not undergoing anticoagulation with missing or unrecognizable

contraindications

With OAC No anticoagulation® p value

Median IR Median IR

Age, years 90.3 +3.1 90.0 4.0 91.0+32 91.0 6.0 0.115
Weight®, kg 67.5+ 142 65.8 19.3 72.6 +10.7 71.1 13.3 0.026
Number of drugs®, no. 9.0+34 9.0 4.0 72+2.8 7.0 4.0 0.001
Serum creatinine®, mg/dL 12+04 1.1 0.5 1.0+0.3 1.0 0.5 0.006
eGFR > 60°, no./total (%) 80/242 (33.1) - - 25/56 (44.6) - - 0.102
eGFR <60° mL/min 42.8 +10.6 43.0 17.0 482+95 52.0 16.0 0.011
Barthel Index on the day of discharge, points 574 +26.3 60.0 30.0 38.0+294 35.0 55.0 <0.001
Level of basic care®, level 24 +0.8 2.0 1.0 3.1+1.0 3.0 1.8 <0.001
CHA,DS, VASc score, points 48+ 15 5.0 2.0 44+ 15 4.0 3.0 0.114
HAS-BLED score, points 21+0.7 2.0 1.0 22406 2.0 1.0 0.476
Charlson Comorbidity Index, points 27+1.8 3.0 3.0 25+2.0 2.0 2.0 0.208

CHA,DS,-VASc score: clinical risk factor for stroke, transient ischemic attack, and systemic embolism; higher scores indicate a greater risk;
congestive heart failure, hypertension, diabetes mellitus, vascular disease, an age from 65 to 74 years and female sex (1 point each), an age of 75

years or older, prior stroke or transient ischemic attack (2 points each)

HAS-BLED score: clinical risk factor for bleeding; higher scores indicate a greater risk; hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile INR, elderly status (age > 65 years), drugs/alcohol concomitantly (1 point each)

Charlson Comorbidity Index; 1-year risk of mortality for a patient who may have a range of comorbid conditions; higher scores indicate a higher

risk of mortality

Level of basic care: the need for basic care was assessed by using a score from 1 (independent) to 4 (completely dependent). The level of nursing

care included the following service areas: self-care, nutrition, toileting, motor skills, safety, and communication

Plus-minus values are means + standard deviation; determination of the p value for nominal variables was made with the chi-square test and for
continuous variables with the Mann—Whitney U test

eGFR estimated glomerular filtration rate, IR interquartile range, OAC oral anticoagulation

#No anticoagulation with missing or unrecognizable contraindication

Last measured value
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DOAC group. Apixaban was used in 78.7% (n = 85 out of
108) of the patients, and rivaroxaban was used in 93.0%
(n = 40 out of 43) of the patients. Considering the dose
adjustment criteria for rivaroxaban, apixaban, edoxaban, and
dabigatran, the required adjustments were made in 100% (n
=40 out of 40), 76.5% (n = 65 out of 85), 100% (n =26 out
of 26), and 100% (n = 7 out of 7) of the patients taking those
drugs, respectively.

A reduced dose was prescribed to 31.0% of the patients
(n = 49 out of 158), although the adjustment criteria for a
reduced dose were not met. A comparison of this group of
patients (inappropriately low DOAC dose) with the group
of patients with a correct DOAC dose showed that the for-
mer patients were on average 1.1 years older (p = 0.045).
Patients with the correct DOAC doses were 90.1 years old
on average, and patients with too low a dose were 91.2
years old on average. The group with too low a dose had
a serum creatinine level that was 0.2 mg/dL higher than
that in the group with correct doses (p = 0.009). Patients
with a correct DOAC dose had, on average, a serum cre-
atinine level of 1.1 mg/dL, and patients with too low a
dose had a value of 1.3 mg/dL. In addition, 59.2% (n =

29 out of 49) of the patients who received a dose that was
too low had fallen in the past 8 weeks, which was a higher
proportion than in the comparison group with the cor-
rect doses (41.7%; n = 58 out of 139). The difference was
significant (p = 0.035). The CCI score was 3.2 points in
the group with inappropriately low doses, which was 0.6
points higher (p = 0.034) than in the group with correct
doses. The patients with correct doses had, on average,
a CClI score of 2.6 points. The difference was significant
(p = 0.034). No significant differences were seen in the
CHA,D4-VASc and the HAS-BLED scores (Table 3).

3.6 Comparison of the AVOPA Study
with the Randomized Controlled Trials of DOACs

We compared our study population with those of the
DOAC RCTs using the CHADS,-Score (Table 4). The
score for patients with warfarin or phenprocoumon was
2.4 in the AVOPA study and 2.1 in the ARISTOLE study,
and similar scores were obtained by the patients with nor-
mal doses of DOAC:S in this study and those in ENGAGE

Table 3 Differences between
the patient groups with DOACs:
correct dose or inappropriately

Correct dose Too low a dose p value

Median IR Median IR

low dose
Age, years

Weight?, kg

Serum creatinine®, mg/dL
eGFR > 60%, no./total (%)
eGFR <60% mL/min

90.1+3.1 90.0 50 91.2+33 910 5.0 0.045
65.0+13.5 615 17.4 70.0+13.7 70.1 17.8 0.025
1.1+03 1.1 05 1.3+05 1.3 0.8 0.009
51/109 (46.8)  — - 15/49 30.6) - - 0.005
445+83 43.0 120 403 +13.6 36.0 28.0 0.063

Fall in last 8 weeks, no./total (%) 58/139 (41.7) - — 29/49 (59.2) - - 0.035
Level of basic care?, level 25+0.8 3.0 1.0 24 +0.8 2.0 1.0 0.334
CHA,DS,-VASc score, points 49+ 1.5 5.0 20 4717 5.0 3.0 0451
HAS-BLED score, points 2.1+0.7 2.0 1.0 22+0.7 2.0 1.0 0.598
Charlson Comorbidity Index, points 2.6 + 1.7 3.0 20 32+19 3.0 2.0 0.034

Plus-minus values are means =+ standard deviation; determination of the p value for nominal variables was
made using the chi-square test and for continuous variables using the Mann—Whitney U test

CHA,DS,-VASc Score: clinical risk factor for stroke, transient ischemic attack and systemic embolism;
higher scores indicate a greater risk; congestive heart failure, hypertension, diabetes mellitus, vascular dis-
ease, an age from 65 to 74 years and female sex (1 point each), an age of 75 years or older, prior stroke or
transient ischemic attack (2 points each)

HAS-BLED score: clinical risk factor for bleeding; higher scores indicate a greater risk; hypertension,
abnormal renal/liver function, stroke, bleeding history or predisposition, labile INR, elderly status (age
> 65 years), drugs/alcohol concomitantly (1 point each)

Charlson Comorbidity Index: 1-year risk of mortality for a patient who may have a range of comorbid con-
ditions; higher scores indicate a higher risk of mortality

Level of basic care: the need for basic care was assessed by using a score from 1 (independent) to 4 (com-
pletely dependent). The level of nursing care included the following service areas: self-care, nutrition, toi-
leting, motor skills, safety, and communication

eGFR estimated glomerular filtration rate, IR interquartile range, OAC oral anticoagulation

“Last measured value
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Table 4 Comparison of the
AVOPA study population with
the patient groups in the DOAC
RCTs based on the CHADS,
score

CHADS, score of the All patients ~ Patients taking warfa- DOAC Normal dose Reduced
study population, points rin or phenprocoumon of DOAC dose of
DOAC
AVOPA 24+ 1.1 24+ 1.1 25+1.1 26%1.1 25+1.2
RE-LY - 21+1.1 - 22+1.2 21+1.1
ROCKET-AF - 35+09 35+09
ARISTOLE - 21+1.1 21+11 - -
ENGAGE AF-TIMI 48 - 28+ 1.0 - 28+ 1.0 28+ 1.0

Plus-minus values are means + standard deviation

AVOPA Anticoagulation in Very Old Patients with Atrial Fibrillation: this study, DOAC direct oral antico-
agulant, RCTs randomized controlled trials

CHADS, score: clinical risk factor for stroke; higher scores indicate a greater risk; congestive heart fail-
ure, hypertension, an age over 75 years, diabetes mellitus (1 point each), prior stroke or transient ischemic
attack (2 points each)

DOAC RCTs: RE-LY = Randomized Evaluation of Long-term anticoagulation therapY; dabigatran;
ROCKET-AF = Rivaroxaban Once daily oral direct factor Xa inhibition Compared with vitamin K antago-
nism for prevention of stroke and Embolism Trial in Atrial Fibrillation; rivaroxaban; ARISTOLE = Apixa-
ban fiir Reduction In Stroke and other ThromboembOlic Events in atrial fibrillation; apixaban; ENGAGE
AF-TIMI 48 = Effective ANticoaGulation with Factor XAnext Generation in Atrial Fibrillation-Throm-

bolysiis in Myocardial Infarction 48; edoxaban

AF-TIMI 48. The patients in this AVOPA study scored 2.6
and those in ENGAGE AF-TIMI 48 scored 2.8.

4 Discussion

Because of very limited data available on very old patients
(aged > 85 years) with AF and OAC, we wanted to sup-
plement the data for this patient group with our study. The
result should be an improvement in the supply of this patient
group to be able to guarantee the best possible care. The
data from the AVOPA study could help to find a benchmark
for comparing the quality of OACs in very old patients. At
the time of hospital discharge, 67.3% of the patients were
receiving anticoagulants. A total of 46.2% of those were
treated with DOACs. According to the dose adjustment cri-
teria, the dose was reduced in 84.0% of the patients taking
DOACs (n = 158 out of 188). The dose was adjusted in
31.0% of those patients (n = 49 out of 158) despite the fact
that those patients did not meet the criteria for a reduction
in their dose. This indicated that those patients were under-
dosed. This high proportion of very old patients represents
a particular problem with regard to contraindications and,
in particular, the fear of bleeding.

Our data are comparable to those of Kirchhof et al. [25].
In their results, they showed a proportion of 68.8% patients
receiving anticoagulants in the setting of a maximum care
hospital. In a further comparison of our data with those in
the study by Barnes et al. [26] in 2014, the latter reported
that 66.9% of the patients were receiving anticoagulants. In
our study, the proportion was higher (67.3%) [26] (Table 5).
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Regarding the proportion of patients receiving antico-
agulants, our value was in the upper portion of the range,
even though we included only patients aged > 85 years. In
particular, the 17.1% relative increase in the proportion of
patients receiving DOACs and the 14.3% relative decrease in
the proportion of patients treated with phenprocoumon dur-
ing hospitalization shows that the slightly better risk-benefit
profile of DOACs was being taken into account [8—11].

The inclusion criteria of the AVOPA study included the
diagnosis of AF. Furthermore, the CHA,DS,-VASc score
was calculated to verify the indication for anticoagulation.
In addition, the correct assessment of contraindications was
determined. Contraindications were ignored in only 2 out of
407 patients (0.05%). For these reasons, the data collected
are highly accurate and could serve as a benchmark for the
quality of treatment with OACs in a very old (aged > 85
years) population in routine clinical practice.

The CHADS, score was similar between this study and
the RCTs of DOACSs. Therefore, our results can be used to
supplement the data available for very old patients [8—11].

A comparison of the data between the current study and
that by Barnes et al. [26] showed that although there were
similar total numbers of patients with AF and undergoing
anticoagulation, there were differences in the treatments
selected. For example, in Barnes et al. [26], approximately
half of the patients were treated with warfarin, and the other
half were treated with a DOAC. In the AVOPA study, how-
ever, a DOAC was administered to 68.6% of the patients
undergoing anticoagulation. This reflects the recommenda-
tions of the European Society of Cardiology regarding AF
from 2016 [16]. The European Society of Cardiology recom-
mends that OACs should be considered for patients with AF
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Table 5 Comparison of different patient cohorts

Age, years Antico- DOAC, no/DOAC  DOAC (reduced DOAC (inappro- Without anticoagula-
agulation, (%) dose), no./DOAC  priately low dose),  tion (with existing
no./total (%) n0./DOAC reduced contraindication), no./
(%) dose (%) without anticoagula-

tion (%)
AVOPA 90.6 +3.3 67.3 Apixaban 57.4 84.0 31.0 57.9
Rivaroxaban 22.9
Edoxaban 13.0
Dabigatran 3.7
Kirchhof et al. [25] 68.4 + 11.0 68.8 - - - -
(clinic
of maxi-
mum
care)
Barnes et al. [26] - 66.9 Apixaban 26.4 - - -
Rivaroxaban 48.2
Dabigatran: 25.4
Lee et al. [2] 66.8 +11.7 100 - 41.6 20.3 -
Ekerstad et al. [27] 86.1 + 5.1 (patients  62.6 Apixaban 84.2 - - 56.3
with AF) Rivaroxaban 10.5
Dabigatran 5.3
Lefebvre et al. [28] 87.4 + 4.96 (no 70.0 - - - -
anticoagulation)
85.3 + 3.94 (antico-
agulation)

Plus-minus values are means =+ standard deviation

DOAC direct oral anticoagulant

and a CHA,DS,-VASc score of 1 and are indicated in those
with a score of 2 or more points. Because of the slightly
better risk-benefit profile, DOACs should be preferentially
selected [8—11]. In the study by Barnes et al. [26], rivar-
oxaban was the most common DOAC, and it accounted for
48.2%, followed by apixaban, which accounted for 26.4%. In
the AVOPA study, however, apixaban accounted for 57.4%
of the DOACSs, and rivaroxaban accounted for 22.9%. The
reason for the high proportion of patients who were treated
with apixaban may be the consistent use of the OAC-FORTA
2016 guidelines at the Nuremberg Clinic. The FORTA clas-
sification system is a means of assessing the suitability of
drugs in patients of different ages. Apixaban was convinc-
ingly ranked first, with evidence in old patients, and was
the only substance in the best category, A. The remaining
DOAC:s were assigned to the second group, category B [29].
This also included the vitamin K antagonist warfarin. The
application of the FORTA system showed a clearly positive
effect in an intervention study [30].

In the AVOPA study, 84.0% (n = 158 out of 188) of
patients treated with a DOAC took a reduced dose. When
comparing the data with those from Lee et al. [2], who
examined the “Effectiveness and Safety of Off-label Dos-
ing of Nonvitamin K Antagonist Anticoagulant for Atrial
Fibrillation in Asian Patients” and reported that 41.6% of the
patients took a reduced dose, the proportion in the current

study was significantly higher. The reason for this significant
difference is the very old population in the AVOPA study
and the numerous comorbidities associated with old age.
For example, the mean age of patients in the AVOPA study
was 90.6 years, compared to 66.8 years in the study by Lee
et al. [2]. With regard to the dose adjustment criteria, it was
found that in 31.0% (rn = 49 out of 158) of the patients tak-
ing a reduced dose, the criteria for a dose reduction were not
met. These patients received a dose that was inappropriately
low. A comparison of our data with those from Lee et al. [2]
showed very similar values. Lee et al. [2] reported a value
of 20.3%.

In addition, it is clear that in 23.6% (n = 21 out of 89) of
patients, the dose of apixaban was not reduced, although a
reduction was indicated by the adjustment criteria. These
patients received an inappropriately high dose. A possible
reason for this is the way data were collected for the AVOPA
study. For example, for the serum creatinine and creatinine
clearance values, only the last measured value was taken into
account. Only a point value was used, and fluctuations in
and the trajectories of these parameters were not considered.

Low creatinine clearance and high serum creatinine lev-
els are fixed contraindication criteria for treatment with
DOACS. Therefore, 32.7% (n = 133) of the patients in the
AVOPA study were not receiving anticoagulants at hospital
discharge. Of this group, 57.9% (n = 77 out of 133) had
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an existing contraindication, such as a creatinine clearance
value lower than 30 mL/min. We compared these data with
the results of Ekerstad et al. [27]. This is comparable to
the 56.3% reported by Ekerstad et al. [27]. The comparison
of the two studies is useful because the patient populations
were similar in several essential aspects. Ekerstad et al.’s
study also had a very old patient population aged > 75 years.
That study included 190 patients with AF. Similar to the
AVOPA study, Ekerstad et al. [27] compared patients with
AF who were and were not undergoing anticoagulation. One
slight difference was the inclusion of patients with heparin in
the anticoagulated group in the study by Ekerstad et al. [27].
In the present study, in contrast, a comparison was made
with patients treated with OACs, and heparinized patients
were excluded from this group. However, the percentage
of heparinized patients in the study by Ekerstad et al. [27]
was relatively low (4.2%). The CHA,DS,-VASc score was
higher in patients undergoing anticoagulation than in those
not undergoing anticoagulation in both studies. Similarly,
the CCI scores were slightly lower in patients not undergo-
ing anticoagulation in both studies [27].

Because of the similarity of our study with the FRAIL-
AF study by Lefebvre et al. [28], we compared the data
between the two studies. Both studies again included very
old patients. In the study by Lefebvre et al. [28], a mean
age of 87.4 years was observed in the group of patients not
undergoing anticoagulation. Patients undergoing anticoagu-
lation had a mean age of 85.3 years. The patient population
in the study by Lefebvre et al. [28] was somewhat younger
than in the present study, in which the average age was 90.6
years and patients treated with OACs tended to be younger
than the patients who were not undergoing anticoagulation.
Lefebvre et al. [28] reported that 70.0% of the patients were
undergoing anticoagulation, and the corresponding propor-
tion was 67.3% in the AVOPA study. Furthermore, it was
shown that the proportion of patients undergoing antico-
agulation increased with an increasing CHADS, score and
decreased with an increasing HAS-BLED score. This was
also observed in our group comparison of patients taking
and not taking OACs. Accordingly, patients taking OACs
had a relatively higher CHA,DS,-VASc score and a lower
HAS-BLED score [28].

5 Limitations

Regarding the limitations of the AVOPA study, it should
be noted that this was a retrospective study. The individ-
ual parameters were determined by reviewing the patient
charts. Thus, it was not possible to ask for specific criteria.
However, the retrospective study design allowed a more
objective evaluation of the data than a similarly designed
prospective study. Furthermore, the present study was a
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single-center study that included data from the Geriatric
Department of the Nuremberg Clinic. However, with an n
of 407, the number of patients included in the study was
sufficiently large. Because of the inclusion criterion of an
age > 85 years, the present study included a very specific
patient population. Especially with regard to the older age
and the numerous comorbidities in the study population,
the results cannot be applied to the general population.
However, it was our intention to investigate this specific,
very old patient population to supplement the limited data
available. Another limitation of the study is that no data
were collected on the persistence of treatment with OACs
after hospitalization; therefore, no statement about prog-
nosis can be made. However, this was necessary to create
a common starting and ending point for the study and to
be able to make a statement about the choice of drug. As
this was a retrospective study, data on when AF was diag-
nosed were not always available. However, patients were
included only if they had AF diagnosed based on an exist-
ing electrocardiogram.

6 Conclusions

Because the international literature on the use of OACs in
very old patients is limited, we chose the inclusion crite-
rion of age > 85 years to select exactly this age group of
patients. Data from the AVOPA study show that 67.3% of
the patients were undergoing anticoagulation. At the same
time, the percentage of patients with DOACs increased,
and the percentage of patients with phenprocoumon
decreased during hospitalization. Apixaban was the most
common DOAC. This shows the special importance of
guidelines such as the OAC-FORTA 2016 for the best pos-
sible drug care of these very old patients.

Dose adjustment criteria are also an important issue
in the very old patient group. In our study population,
there was an alarming proportion of the patients who
received an inappropriately low dose. There is potential
for improvement with regard to dosage.

The AVOPA study could help to find a benchmark in
the international comparison of the use of OACs in very
old patients and the assessment of the quality of treatment
with OAC:s at different hospitals. The proportion of very old
patients with too low a dose is an important sub-area that
should be examined more closely in further studies. In addi-
tion, there is a considerable proportion with a dose that is
too high, this sub-area is also an important aspect for future
studies. Furthermore, there is a particular complexity with
regard to very old patients (age > 85 years), especially with
regard to the numerous comorbidities and the special effects
of the frequently restricted kidney function on the DOAC,
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and therefore requires a precise future investigation to enable
the best possible care for this group of patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40801-021-00263-6.
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