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Aims: Patients with chronic heart failure (CHF) require polypharmacy and are at increased
risk for drug-related problems. Interdisciplinary physician-pharmacist medication review
may improve drug treatment. Our goal was to analyze the changes from the physiciandocumented medication plan (MP) and patient-stated medication to an interdisciplinary
consolidated MP (CMP).
Methods: This pre-speciﬁed subanalysis of the PHARM-CHF randomized controlled trial
analyzed the medication review of CHF patients in the pharmacy care group. Community
pharmacists compared the MP with the drug regimen stated by the patient and consulted
with physicians on identiﬁed discrepancies and other medication-related problems
resulting in a CMP.
Results: We analyzed 93 patients (mean 74.0 ± 6.6 years, 37.6% female), taking a median
of ten (IQR 8–13) drugs. 80.6% of patients had at least one change from MP to CMP. We
identiﬁed changes in 32.7% (303/926) of drugs. The most common correction was the
addition of a drug not documented in the MP to the CMP (43.2%). We also determined
frequent modiﬁcations in the dosing regimens (37.6%). The omission of a drug
documented in the MP but left out of the CMP accounted for 19.1%. Comparing
patient-stated medication to CMP, the current drug regimen of patients was changed
in 22.4% of drugs.
Conclusion: The medication review resulted in changes of medication between MP
and CMP in most of the patients and affected one-third of drugs. Structured
Abbreviations: CHF, chronic heart failure; CMP, interdisciplinary consolidated medication plan; DRP, drug-related problem;
GP, general practitioner; HF, heart failure; HF-DMP, heart failure disease management program; IQR, interquartile range; MP,
physician-documented medication plan; MRA, mineralocorticoid receptor antagonists; RAAS, agents acting on the reninangiotensin-aldosterone system.

Frontiers in Pharmacology | www.frontiersin.org

1

September 2021 | Volume 12 | Article 712490

Schumacher et al.

Interdisciplinary Review of CHF Medication

physician-pharmacist interdisciplinary care is able to harmonize and optimize the drug
treatment of CHF patients.
Keywords: heart failure, medication discrepancy, medication reconciliation, interdisciplinary care, community
pharmacy service, medication plan

INTRODUCTION

attending physician based on the DRP identiﬁed in a
medication review is an essential process to determine an
optimal and safe medication scheme (Yates et al., 2020).
Technical solutions such as electronic prescribing systems
could not thus far eliminate the variations between the
different documentations of medications (van Stiphout et al.,
2018; Ernst et al., 2001).
Previous trials focused on identifying and deﬁning the
discrepancies
in
medication,
comparing
physician’s
documentation with patient-stated medication or electronic
pharmacy records (Bedell et al., 2000; Bikowski et al., 2001;
Ekedahl et al., 2011; Waltering et al., 2015; Rose et al., 2018).
Data on the agreed changes that result from performing a
medication review followed by a consolidation of the MP by
the physician and the pharmacist in the outpatient setting is
scarce. Thus, we aimed to identify the impact of an
interdisciplinary consolidation on the drug regimens of CHF
outpatients.

Chronic heart failure (CHF) affects approximately 1–2% of the
population in the developed countries and is highly morbid and
costly with a growing impact on public health (Groenewegen
et al., 2020). Patients with CHF beneﬁt from several drug classes
and the complexity of the pharmacotherapy increases with
disease progression. Additionally, numerous comorbidities add
to the complexity of the HF syndrome. This situation increases
the risk of adverse outcomes due to polymedication,
inappropriate prescribing (Goyal et al., 2020), medication
errors, medication non-adherence (Schulz et al., 2019), and
other drug-related problems (DRP) that can potentially
exacerbate HF (Tsuyuki et al., 2001).
To support outpatients in their complex daily therapy
regimen, general practitioners (GPs) or specialists provide
medication schedules or medication plans (MP). International
studies have shown that not all the patient’s current medication is
recorded and thus the physician-documented medication is often
incomplete (Bedell et al., 2000; Bikowski et al., 2001; Schnipper
et al., 2018). In Germany, over 90% of the MP did not comply
with the medication actually being taken by the patient
(Waltering et al., 2015; Rose et al., 2018). Incomplete MP
results from missing documentation in the patient ﬁle,
incorrect transfer into the MP, insufﬁcient communication
between GPs, specialists and pharmacists, as well as
undocumented use of non-prescription drugs (Schmiemann
et al., 2012). This is a major challenge as the medications
stated by the patient, but not documented by the physician,
were often associated with a high risk for falls, hospitalization,
or drug-drug interactions (Rose et al., 2018). In particular, drugs
acting on the cardiovascular system are prone for deviations;
therefore, CHF patients are commonly affected by drug
discrepancies (Ekedahl et al., 2011; Rose et al., 2018; Giannini
et al., 2019; Imfeld-Isenegger et al., 2020). Additionally, the
frequency of discrepancies increased with patient age, the
involvement of a specialist, and the patient’s unfamiliarity with
the medication (Bedell et al., 2000).
Different types of medication discrepancies have been
classiﬁed: drug omission and drug addition, as well as
deviations in strength, frequency, number of units, or daily
dosage (Almanasreh et al., 2019). The potential to harm the
patient is clinically relevant (Imfeld-Isenegger et al., 2020).
The pharmacist-led medication reconciliation is a strategy for
more accurate medication lists, but there are still frequently
discrepancies (Stewart und Lynch 2014). The interdisciplinary
collaboration of physicians and pharmacists is a successful
intervention to reduce these discrepancies (Arnold et al., 2015;
Elliott et al., 2019; Holland, 2015). The interdisciplinary
consolidation between the dispensing pharmacist and the
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MATERIALS AND METHODS
Study Design
The current analysis is based on data collected in the PHARMCHF randomized controlled trial. The study design and
intervention have been described in detail in previous
publications (Schulz et al., 2019; Laufs et al., 2018; Schulz
et al., 2020). To summarize, PHARM-CHF was an
investigator-initiated, prospective multicenter randomized
controlled trial in Germany with blinded adjudication of
hospitalization events. The recruited patients aged 60 years
and older had an established diagnosis of CHF, stable CHF
medication including a diuretic, and HF hospitalization within
the last 12 months or increased B-type natriuretic peptide or
N-terminal pro-B-type natriuretic peptide concentrations.
Randomization to the pharmacy care group or usual care
group occurred via a secure web interface tool. One hundred
and ten patients were assigned to the pharmacy care group and
127 patients to the usual care group (Figure 1) (Schulz et al.,
2020). Patients allocated to the pharmacy care group received a
comprehensive medication review (type 2a according to the
Pharmaceutical Care Network Europe classiﬁcation (GrieseMammen et al., 2018)) performed by community pharmacists.
This procedure aims at generating a complete and optimal
physician-pharmacist consolidated MP (CMP). It is a
structured compilation and comparison of the patient’s entire
current medication, that is, physician’s documentation,
pharmacy records, and a patient interview about the
medication used at home, performed by a pharmacist (Laufs
et al., 2018). The physicians provided the pharmacists their
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FIGURE 1 | Subanalysis ﬂowchart.

medication documentation via a secure online tool (electronic
Case Report Form [eCRF]). The pharmacists invited the
participating patients to an interview and asked them to bring
their current medication from home. Additionally, the
pharmacists provided the pharmacy records of the patient, if
available. During the patient interview, medication recorded in
the eCRF was compared with the patient-stated medication/
pharmacy records. The patient was also asked about the
current dosing regimens and the reasons for missing or
additional drugs (Supplementary Material S1). The identiﬁed
DRP were discussed with the physician if necessary to optimize
and harmonize the drug regimen (Figure 2). The pharmacist then
entered the CMP into the eCRF and the physician approved the
consolidated adjustments digitally. Based on the CMP, the
patients received the ﬁlled dosing aids at their (bi-)weekly
visits to the pharmacy. They also received a printout of the
CMP for their own documentation. The patients allocated to
the usual care group did not get this intervention and ﬁlled the
prescriptions in pharmacies of their choice as usual.
PHARM-CHF (ClinicalTrials.gov identiﬁer: NCT01692119)
was conducted according to the principles stated in the current
version of the Declaration of Helsinki, International Conference
on Harmonization Good Clinical Practice, and according to the
local and national regulations. The documented approvals from
the independent ethics committees were obtained for all
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participating centers and written informed consent was
obtained from all patients (Laufs et al., 2018).
The aim of the PHARM-CHF main study was to investigate
whether regular contact with the local pharmacy and (bi-)weekly
dosing aids based on a physician-pharmacist CMP improve
medication adherence (primary efﬁcacy endpoint) and reduce
hospitalization and mortality (primary safety endpoint) in elderly
CHF patients compared to usual care (Schulz et al., 2019).
In this subanalysis, we analyzed the agreed changes of
medication after interdisciplinary consolidation of the
medication of patients receiving pharmacy care. Thus, we
aimed at identifying the changes from MP to CMP and
whether those changes were based on information stated by
the patient (“Analysis I”). In addition, we analyzed the
changes from the patient-stated drug regimen to the CMP
(“Analysis II”) (Figure 1).

Analysis I: Changes in the
Physician-Documented Medication After
Interdisciplinary Consolidation
We compared the physician-documented MP with the CMP to
identify agreed changes based on the interdisciplinary
consolidation such as omissions and additions as well as
modiﬁcations of a drug (Figure 2). For instance, a drug
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FIGURE 2 | Development of an interdisciplinary consolidated medication plan after comparing the drug information in the medication plan documented by the study
physician with the results of the interview between the pharmacist and the patient in a medication review. CMP, consolidated medication plan; MP, medication plan.

identiﬁed in the CMP but not in the MP was categorized as “drug
addition.” A drug not identiﬁed in the CMP but documented in
the MP was categorized as “drug omission.” The category “drug
modiﬁed” summarized the changes in the strength, frequency,
number of units, and/or daily dosage. In this case, the drug’s
active ingredients were identical on both plans but had one or
more modiﬁcations between the MP and the CMP. Any
difference between the information in the MP and the CMP
was deﬁned as an agreed change. In case the CMP was different
from the initial MP, we compared the patient’s current drug
regimen with the information in the CMP.

compared the entire medication stated by the patient during the
medication review with the CMP. The changes were classiﬁed similar
to the terminology described above: a drug identiﬁed in the interview
but not in the CMP was counted as “omission,” a drug identiﬁed in
the CMP but not in the patient interview was counted as “addition,”
and “modiﬁcations” were changes in the strength, frequency, number
of units, and/or daily dosage.

Statistical Analyses
We used IBM SPSS (version 25) to uncover any predictors of
medication changes between the physician-documented MP and
CMP. The Shapiro-Wilk test was applied to check the distribution
of variables. Association between the age, number of drugs, care
level, or NYHA class and medication changes was tested with
Spearman’s correlation. We applied the Mann-Whitney U test to
compare the values of the changes depending on the physician’s
profession (GP, cardiologist), sex, or participation in an HF
disease management program (HF-DMP). The statistical
signiﬁcance was determined with an alpha value of 0.05.

Analysis II: Changes in the Patient-Stated
Drug Regimen After Interdisciplinary
Consolidation
As a secondary aspect, we analyzed the impact of the interdisciplinary
consolidation on the patient-stated medication to identify
modiﬁcations and optimizations of the current regimen. We
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3A,B. Additionally, we present an overview on examples of
identiﬁed changes in Table 2.
Of the 926 drugs identiﬁed in the MP and/or in the CMP,
32.7% (n  303) were altered between the MP and the CMP
(Figure 3A). These changes were an omission of drugs in 19.1%
(n  58), meaning a drug stated in the original MP was not
adopted in the CMP (Figure 3B). In contrast, 43.2% (n  131) of
identiﬁed drugs were added to the CMP as they were not
documented originally in the physician’s MP (Figure 3B). In
another 37.6% (n  114) of drugs, the consolidation resulted in a
modiﬁcation of a drug (Figure 3B; Table 2).
Approximately 68% (n  207) of the changes matched the
current drug regimen stated in the patient interview (Figure 3B,
blue bars). The omitted drugs were not identiﬁed in the
medication review (13.2%, n  40) and thus not adopted into
the CMP. In 26.4% (n  80), the changes were modiﬁcations
according to the ﬁndings in the medication review, such as the
method of intake or the drug strength. The drug additions to the
CMP were based on the ﬁndings in the medication review in
28.7% (n  87) of the changes (Figure 3B). In 31.7% (n  96), the
changes were based on the agreements within the process of
consolidation between physicians and pharmacists (Figure 3B,
grey bars). Of those changes, 21.9% (n  21) resulted from the
relevant DRP that were identiﬁed by the pharmacist in the
medication review.
Of the above-mentioned drugs identiﬁed (n  985), 307
(31.2%) were HF medications. Of those, 304 (99.0%) were
identiﬁed in the MP and/or in the CMP. This included 26.3%
(n  80) agents acting on the renin-angiotensin system, 29.6%
(n  90) beta-blockers, 13.2% (n  40) mineralocorticoid
receptor antagonists (MRA), and 30.9% (n  94) diuretics.
The changes in the HF medication occurred in 30.3% (n  92)
of drugs (Figure 4A). Diuretics accounted for 37.0% (n  34)
and beta-blockers for 30.4% (n  28) of the changes and were,
thus, especially affected by the consolidation process
(Figure 4B). Most frequently, the modiﬁcations in the
number of units such as the increase or decrease of the
number of tablets per day were identiﬁed for diuretics and
beta-blockers, respectively (Figure 5). Additionally, 10.0%
(n  8) of agents acting on the renin-angiotensin system
were missing in the MP and added to the CMP. The
majority of changes in HF medication (71.7%, n  66)
concurred with the information from the patient interview
which was then adopted into the CMP.
The number of drugs correlated signiﬁcantly with the number
of changes (rs  0.611; p < 0.001) in the CMP. We observed that
for the MP documented by the cardiologists (n  36), a
signiﬁcantly higher number of changes were made in the CMP
compared to those documented by the GPs (n  57) (median: 4.5
[IQR 1.5–6.0] vs 2.0 [IQR 0.0–4.0], Mann-Whitney test, U 
556.0, p < 0.001). For the patients taking part in an HF-DMP (n 
27), a signiﬁcantly lower number of changes in the CMP were
observed compared to the patients who did not participate in
such a DMP (n  66) (median: 1.0 [IQR 0.0–2.5] vs 3.0 [IQR
1.0–5.0], Mann-Whitney test, U  550.0, p  0.004). We found no
association between age, NYHA class, or care level and the
number of changes.

TABLE 1 | Baseline characteristics of the analyzed patients (n  93).
Characteristic
Age, mean ± SD, years
Median (IQR)
≥75 years, n (%)
Female sex, n (%)
BMIa, mean ± SD, kg/m2
LVEF <40%, n (%)
LVEF 40–49%, n (%)
LVEF ≥50%, n (%)
NYHA classes I/II, n (%)
NYHA classes III/IV, n (%)
Time since last hospitalization for HF, mean ± SD, years
Different co-morbidities, mean ± SD
Hypertension, n (%)
Hyperlipidemia, n (%)
Coronary heart disease, n (%)
Diabetes
Atrial ﬁbrillation, n (%)
Chronic kidney disease, n (%)
Medication, n (%)
Per patient, median (IQR)
No. of drug packages, mean ± SD
No. of single doses/day, mean ± SD
No. of drug intakes/day, median (IQR)
HF medication, n (% of medication)
ACEi/ARB, n (% of HF medication)
Beta-blockers, n (% of HF medication)
MRA, n (% of HF medication)
Diureticsb, n (% of HF medication)

74.0 ± 6.6
75.0 (69–79)
50 (53.8)
35 (37.6)
29.1 ± 5.3
21 (22.6)
35 (37.6)
37 (39.8)
38 (40.9)
55 (59.1)
0.35 ± 0.73
7.4 ± 2.5
90 (96.8)
79 (84.9)
66 (71.0)
54 (58.1)
52 (55.9)
40 (43.0)
985 (100)
10 (8–13)
8.7 ± 3.1
10.5 ± 3.9
3.0 (2–3)
304 (30.9)
80 (26.3)
90 (29.6)
40 (13.2)
94 (30.9)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BMI,
body mass index; HF, heart failure; IQR, interquartile range; LVEF, left ventricular ejection
fraction; MRA, mineralocorticoid receptor antagonists; NYHA, New York Heart
Association (functional class); SD, standard deviation.
a
The body mass index (BMI) is the weight in kilograms divided by the square of the height
in meters.
b
All patients received a diuretic.

RESULTS
For the analysis of changes after interdisciplinary consolidation,
complete medication data sets were available for 93/110 (84.5%)
patients (74.0 ± 6.6 years, 37.6% female) of the pharmacy care
group (Table 1). The patients had an overall median of ten (IQR
8–13) drugs, considering all the sources of information (MP,
patient interview, and CMP). Examining the MP, the patient
interview, and the CMP, we identiﬁed a total of 985 drugs in at
least one of these sources.

Analysis I: Changes in the
Physician-Documented Medication After
Interdisciplinary Consolidation
Of the 985 drugs identiﬁed, 926 (94.0%) were identiﬁed in the MP
and/or in the CMP. At least one change in the medication
between the MP and the CMP was identiﬁed in 80.6% (n 
75) of the patients. Overall, the number of medication changes
ranged from 0 to 20 per patient and we observed a median of 2
(IQR 1–4) without signiﬁcant sex-speciﬁc differences. The impact
of the physician-pharmacist consolidation is shown in Figures
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FIGURE 3 | (A) Impact of interdisciplinary consolidation on the physician-documented drug regimen of heart failure patients (n  926 drugs*). *Fifty-nine drugs
identiﬁed only in the patient interview were not included in Analysis I. CMP, consolidated medication plan; MP, medication plan. (B) Changes in the drug regimen resulting
from the medication review (n  303 drugs). Variations in the percentages or from 100% are due to rounding deviations in values.

TABLE 2 | Examples of the medication reviews resulting in omissions, additions, or modiﬁcations of the medication plan.
Type of change

Omission (n = 58, 19.1%)
Drug stated in MP not identiﬁed in CMP

Addition (n = 131, 43.2%)
Drug not stated in MP but identiﬁed in CMP

Modiﬁcation (n = 114, 37.6%)
Drug stated in MP and CMP but changed in
strength, frequency, number of units, and/or daily
dosage

Results of the
interdisciplinary consolidation

Examples

Drug documented by physician and stated by patient but
not adopted into CMP
Drug documented by physician but discontinued by patient
and also not adopted into CMP

Discontinuation of potassium capsules while taking
spironolactone
Discontinuation of amiodarone after adverse drug effects
(nausea, circulation problems, dizziness, and rashes)
Discontinuation of temporarily used enoxaparin

Drug not documented by physician but adopted into CMP
as stated by the patient
Drug not documented by physician but identiﬁed in CMP:
switch of the active ingredient that was stated by the patient

Inclusion of buprenorphine, PRN nitroglycerin spray, or
insulin into the CMP for completeness
Adoption of atorvastatin instead of simvastatin into the
CMP for improved effectiveness

Modiﬁcation of MP dosing regimen due to underdosing

Increased dose of metoprolol succinate 23.75 mg 1 - 0 - 0
to 1 - 0 - 1 for improved effectiveness
Change of furosemide 20 mg 0.5 - 0 - 0.5 to 1 - 0 - 0, to
avoid tablet splitting and exposure to light and humidity
outside original packaging
Change of metoprolol 100 mg 0.5 - 0 - 0.5 to metoprolol
50 mg 1 - 0 - 0 to avoid tablet splitting
Shifting time of intake, e.g., aspirin 100 mg from noon to
morning, to support medication adherence
Change of furosemide 20 mg 1 - 1 - 0 to 40 mg 1 - 0 - 0 to
avoid urinary urgency in the evening/at night

Modiﬁcation of MP dosing regimen to avoid tablet splitting
(e.g., because of loss of drug substance, stability problems,
incorrect dosing, and handling problems)

Modiﬁcation of MP dosing regimen to facilitate intake
Modiﬁcation of MP dosing regimen to avoid adverse drug
events

MP, physician-documented medication plan; CMP, interdisciplinary consolidated medication plan; PRN, pro re nata: as needed.
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FIGURE 4 | (A) Impact of the interdisciplinary consolidation on the heart failure medication (n  304 drugs). (B) Changes in the heart failure medication (n  92
drugs). Variations in the percentages are due to rounding deviations in values.

FIGURE 5 | Modiﬁcations in the heart failure medication comparing the physician’s medication plan (MP) and the consolidated medication plan (CMP).
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Analysis II: Changes in the Patient-Stated
Drug Regimen After Interdisciplinary
Consolidation

deviations between the MP or the patient-stated medication
and the CMP were interpreted as agreed changes based on the
decisions of the healthcare professionals and in agreement with
the patient. Thus, we focused on the interdisciplinary care after
the discrepancies had been identiﬁed in a medication review,
aiming to improve patient safety and medication effectiveness.
In PHARM-CHF, this was especially important as the patients
in the pharmacy care group received their medication in weekly
dosing aids according to the interdisciplinary CMP. By relying
solely on the initial physician-documented MP, there would have
been unintended additions, omissions, and modiﬁcations in the
drug regimen of CHF patients.
As the results in this CHF cohort show, diuretics, betablockers, and agents acting on the renin-angiotensinaldosterone system (RAAS) were largely affected by the
changes between the MP and the CMP. Thus, physicians and
pharmacists frequently saw the need for the modiﬁcation of the
drug regimen, especially in this HF-related medication.

We identiﬁed 945 drugs (95.9%) that were stated in the patient
interview and/or the CMP. A further 40 drugs (4.1%) were only
identiﬁed in the MP. We found that 212 (22.4%) drugs changed
between the patient-stated medication and the CMP. After the
interdisciplinary consolidation, 74.2% (n  69) of patients had at
least one change in their current medication therapy (median 3,
IQR 1–4). The drugs identiﬁed in the patient interview but not
adopted into the CMP accounted for 36.3% (n  77) of the
changes. The omissions belonged mostly to anti-inﬂammatory
and anti-rheumatic substances, mineral supplements, and
diuretics, including MRA.
We identiﬁed additions in 22.2% (n  47) of the drugs and
modiﬁcations in 41.5% (n  88). Medications added to the CMP
were mainly drugs for obstructive airway diseases, lipid
modifying agents, and diuretics/MRA. The drugs for
obstructive airway diseases and for diabetes as well as
diuretics/MRA were modiﬁed frequently by altering the units
and the timing or increasing the dose or the strength. In 26.9%
(n  57) of the changes, the physician-pharmacist consolidation
resulted in the adoption of the physician-documented therapy
regimen into the CMP instead of the patient’s current regimen.
The reasons for changing the current patient regimen were, for
example, improving patient safety (Table 2).

Interdisciplinary Approach Leads to
Changes in the Drug Regimen
Other studies analyzing the discrepancies between the drugs
documented by the physicians and the actually used
medication stated by the patients, found substantial
disagreements between both lists (Bedell et al., 2000; Bikowski
et al., 2001; Schnipper et al., 2018). However, the strategies for
improving the accuracy in the outpatient setting were not
investigated.
Van Stiphout et al. conducted a non-interdisciplinary
approach where the physicians received intensive education
and an e-learning training (van Stiphout et al., 2018).
However, this training had no effect on decreasing the number
of discrepancies (van Stiphout et al., 2018).
The interdisciplinary pharmacist-physician collaboration is
able to improve the accuracy of medication lists (Arnold et al.,
2015; Holland, 2015). Numerous studies have shown that the
pharmacist recommendations for the changes based on a
medication review had a positive impact on the patient’s
pharmacotherapy. These studies also determined high
acceptance rates of 64% to over 90% by the physicians for the
changes proposed by the pharmacists (Krska et al., 2001; Kiel and
Phillips, 2018).
We tested community pharmacists performing a medication
review and subsequently collaborating with the physician to
develop an interdisciplinary CMP. The medication review
entails patient interviews, which is crucial, as this has been
shown to be a successful strategy to optimize and complete
the information about the current drug regimen (Tulner et al.,
2009).
The drug information stated by the patient had a considerable
impact on the CMP, as approximately 68% of the changes were
based on the patient’s reporting during the medication review.
Therefore, this interdisciplinary approach also involving patients,
harmonized and optimized the drug regimen as patient safety
relies on a correct medication plan.

DISCUSSION
We assessed patient-physician-pharmacist collaborations with
regard to a consolidated medication plan (CMP). This
approach considered the physician-documented medication
plans (MP) and the patient-stated medication taken at home
in a cohort of CHF outpatients. To the best of our knowledge, this
is the ﬁrst analysis of the extent of the agreed changes after the
interdisciplinary consolidation in the outpatient setting.
The assessment detected a high proportion (80.6%) of patients
with at least one change between the physician-documented MP
and the CMP. In total, one-third of all drugs were changed.
Accordingly, the cardiovascular medication was changed in a
comparable proportion (30.3%). Analyzing the impact of the
interdisciplinary consolidation on the patient’s current drug
regimen, 74.2% of patients had at least one change, affecting
about one-quarter of their drugs.
Our approach varies from other studies analyzing the
variations in the drug regimens. The studies so far usually
report on the discrepancies between the physician-documented
and patient-stated medications, for example, in the outpatient
setting (Bedell et al., 2000; Bikowski et al., 2001; Waltering et al.,
2015; Rose et al., 2018). From these ﬁndings, the authors derive or
measure the clinical risks these discrepancies might lead to
(Waltering et al., 2015; Rose et al., 2018). We extended these
important ﬁndings by comparing the physician-documented MP
with the interdisciplinary CMP. In addition, we compared the
patient-stated medication with the CMP. The identiﬁed
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Frequencies of Medication Changes and
Discrepancies in Literature

may be due to the variety of caregivers involved in treating these
patients and the high number of drugs used to treat the HF signs
and symptoms, as well as the frequent comorbidities. The main
reason for hospitalizations is the HF decompensation, often
resulting from medication non-adherence (Kobayashi et al.,
2020). One of the reasons for non-adherence in CHF patients
is, among others, the complexity of the drug regimen (Forsyth
et al., 2019). Thus, it is important to harmonize the physiciandocumented and patient-stated drug regimens to support CHF
patients in their pharmacotherapy.
Common deviations in cardiovascular medication are
omissions and differing doses of antihypertensives, for
example, RAAS inhibitors and beta-blockers (Waltering et al.,
2015; Rose et al., 2018). These deviations held the risk of
undetected causes for hospitalizations, medication errors,
inappropriate prescribing, and other DRP (Rose et al., 2018;
Goyal et al., 2020).
A pharmacist-led medication review as in our study is able to
identify these problems and leads to discussions with the
physicians about the necessary adjustments (Waltering et al.,
2015; Rose et al., 2018; Sell and Schaefer, 2020). This process led
to changes in 30.3% of the HF medication between the MP and
the CMP. In 71.7%, the changes were based on the information
stated by the patient. Additionally, the patient-stated drug
regimens were adjusted to minimize the risk of DRP. This
shows that various changes of the physician-documented MP
and patient-stated medication are needed to optimize and
harmonize the HF drug regimen, potentially increasing the
patient safety.

We detected 80.6% of patients with at least one medication
change between the physician-documented MP and the CMP.
A comparison of these ﬁndings with previous studies is difﬁcult,
as most of the trials analyzed the discrepancies between the MP
and the patient-stated medication or the electronic pharmacy
records. Discrepancies between patient-stated medication and
physician-documented MP were observed in 76% to 96% of
patients (Bedell et al., 2000; Waltering et al., 2015; Rose et al.,
2018; van Stiphout et al., 2018). In contrast to the reported
discrepancies, which may be unintended due to missing
communication or lack of knowledge by the physicians, the
changes between the MP/patient-stated medication and the
CMP in our study are an agreed result of the interdisciplinary
consolidation.

Predictors for Medication Changes
We determined no association between the patient’s age, sex, care
level, NYHA class, and the number of medication changes. We
observed, however, that the number of drugs as well as the
specialty of the physician affected the number of changes. For
the discrepancies, Bedell and others reported that the patient age
and the number of drugs were signiﬁcant predictors (Bedell et al.,
2000). However, we did not ﬁnd age-speciﬁc differences in the
number of changes. This could be due to a high mean and a
narrow distribution of age in our cohort and the general drug
burden of CHF patients.
Comparable to our ﬁndings, other studies reported that age
and sex were predominantly no predictors for the discrepancies
(Hias et al., 2017; Giannini et al., 2019). In addition, other studies
showed that more discrepancies happened when the
documenting physician was a specialist (Bedell et al., 2000;
Waltering et al., 2015). This could explain why more changes
occurred in the CMP if a cardiologist documented medications,
as these MP were less accurate and thus had to be revised more
extensively.
In addition, we observed fewer changes for the patients taking
part in an HF-DMP. The primary goal of this DMP for the
patients with HF is to prevent hospitalizations and improve the
patient’s quality of life (Poelzl et al., 2020). Common to all DMP is
comprehensive patient education, monitoring of symptoms, and
optimization of treatment based on established guidelines
(Moertl et al., 2017; Poelzl et al., 2020). The latter could
explain the lower number of changes observed for the patients
participating in an HF-DMP. According to the European Society
of Cardiology, the DMPs for the patients with HF are strongly
recommended (recommendation class 1, level of evidence A)
(Ponikowski et al., 2016). Thus, we assume that particularly the
patients with a high number of drugs medically attended by
specialists and not included in an HF-DMP may beneﬁt the most
from this physician-pharmacist collaboration.

Strengths and Limitations

Strengths
This study adds to the existing analyses on the discrepancies
between the physician-documented and patient-stated
medications by further investigating the changes in medication
which result from identifying these discrepancies. Thus, it enables
an insight into the collaboration of physicians and pharmacists
optimizing and harmonizing the medication of HF patients,
which is scarce in the available literature. Another strength is
the consideration of a vulnerable and multimorbid group of
patients relying on polypharmacy for treatment and it is
especially prone to drug discrepancies. This required the
analysis of complex drug regimens and added to the challenge
of interdisciplinary cooperation, which was successfully managed
in an outpatient setting. Finally, due to thorough documentation,
the data revealed the enormous impact of the patient’s role in the
changes made by the healthcare professionals.
Limitations
We analyzed the changes between physician-documented MP
and patient-stated drug regimen and interdisciplinary CMP
based on the medication documentation in PHARM-CHF.
Statements the interdisciplinary team explaining the performed
changes were not collected by default. Thus, we were often limited
in interpreting the reasons for the necessary adjustments.
However, because most of the changes were omissions,
additions, and modiﬁcations according to the patient-stated

Cardiovascular Medication
Patients with CHF are prone to discrepancies in the different
documenting of their drug regimen (Ekedahl et al., 2011). This
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medication in the review, the explanation of harmonization and
optimization is plausible.
Different pharmacists performed the medication review and
the consolidation was performed in various interdisciplinary
teams. Therefore, a personal bias in the estimation of
necessary adjustments cannot be excluded. To standardize
these processes, we provided an online tool for the
communication of medication lists and of the identiﬁed
discrepancies and DRP between the professions. Additionally,
the study pharmacists were trained consistently by the
investigators in the performance of the medication review.
The sample size and power computations of the study were
performed on the primary efﬁcacy outcome of PHARM-CHF
that was not the number of changes but adherence to HF
medications (Schulz et al., 2019). Therefore, our statistics on
the predictors of changes have to be interpreted with care.
However, our results correlate with the ﬁndings in the current
literature. In addition, we could not check for an association
between the patient’s level of education or the patient’s
income and the number of changes, because these data
were not collected in PHARM-CHF. We also did not
analyze whether the observed changes affected the primary
endpoint of the PHARM-CHF randomized controlled trial.
This study only examined the process of a one-time
medication review followed by an interdisciplinary
consolidation of the MP. The subsequent interdisciplinary
adjustments in the medication were not analyzed and should
be considered in future studies.
A narrow age distribution was caused by the inclusion criteria
of the PHARM-CHF study in which patients had to be 60 years
and older. However, patients with HF are generally older so the
study group is an accurate sample.

documented medication lists and the current drug regimen stated
by the patient, should be considered for an optimal CMP. To
assure the effectiveness of the medication and patient safety, a
regularly updated CMP should be easily accessible to all
individuals involved in the pharmacotherapy, ideally in an
electronic format.
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CONCLUSION
Interdisciplinary consolidation of MP led to frequent and
potentially clinically relevant changes in the medication for
elderly CHF patients. Nearly one-third of drugs in the initially
physician-documented MP varied from the CMP. The need for
changes increased with the number of medications identifying a
subgroup with high risk which can beneﬁt from speciﬁc support.
In addition, the initial MP from cardiologists required more
adjustments compared to those documented by GPs. Patients
not participating in an HF-DMP were mainly affected by
medication adjustments. A pharmacist-led medication review
allowed the involvement of patient’s current pharmacotherapy
in the process of developing a coherent CMP. This harmonized
and optimized the drug regimen. Both sources, the physician-
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