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Introduction

The introduction of home-based therapy controlled by a
medical doctor, which allowed the implementation of satisfac-
tory prophylactic treatment regimens, led to significant
improvements in haemophilia care over the past 30 years,

foremost in the western countries. One of the most significant
advances is the decreased risk of death from bleeding and its
complications1,2 as well as the improvement in the quality of
life for peoplewithhaemophilia (PwH) —such asprevention of
bleeds, reduction of joint damage3 andminimization of hospi-
tal stay.4 In general, home-based therapy grants autonomyand
flexibility inpatients’daily life.However, thedocumentationof
concentrate infusions and home therapy tracking remains an
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Abstract Background Record keeping is integral to home treatment for haemophilia. Issues
with paper diaries include questionable compliance, data validity and quality. Imple-
mentation of electronic diaries (e-diaries) in haemophilia patients could improve
documentation of home treatment.
Aim This article evaluates the effects of an e-diary, Haemoassist, on recording and
patient compliance with therapy.
Patients and Methods An explorative study was used to assess the sequential use of
paper diaries and e-diaries by 99 patients with severe haemophilia A or B and 1 with severe
factor VII deficiency. Median age was 41 years. Information was obtained from paper
records for 3 years preceding the introduction of an electronic record systemand the first 6
to 12months of Haemoassist use. Data from the 3-year periodwere averaged.Missing data
for rounded 12 months of e-diary use were extrapolated to correspond to a full year.
Results Enhancement of 23% in record delivery was observed for the period of
Haemoassist use (p ¼ 0.013). Twenty-one percent increase in patients’ compliance for
data reporting (from 65% 35 to 86% 22, p ¼ 0.003) and 16% increase for documenta-
tion of bleedings (from 68 to 84% of patients, p ¼ 0.01) were detected. Compliance to
prescribed therapy of patients for the whole studied period improved by 6% (from
82% � 29 to 88% � 25, p ¼ 0.05). Major advances were demonstrated predominantly
in the age groups of between 13 and 20 and 21 and 40 years.
Conclusion e-Diaries’ use enables improved recording of information about patients’
home treatment and bleeding episodes. Enhanced compliance with therapy may be a
further benefit.
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open issue, as the majority of patients present themselves in
comprehensive care centres (CCCs) only a few times a year and
most of their factor infusions take place in the absence of a
treating physician. Therefore, the accurate documentation is of
great importance for medical professionals to monitor the
incidence of bleeding episodes, factor usage and compliance
with treatment regimens. According to the current regulations
in Germany (Transfusion Law),5 each applied infusion, its
indication, the amount of infused factor concentrate along
with brand name and batch number of the utilized product
must be documented into the so-called ‘protocols of therapy’
and lateronsubmitted to the treatmentcenter.6Patients’paper
diary is a widely accepted means of record documentation.
Although easily assessable, paper diaries harbour numerous
drawbacks. They only allow retrospective tracking of the
applied treatment regimen. Sometimes, patients complete
them shortly before the upcoming visit which makes the
collection of accurate and meaningful data on bleeding epi-
sodes, treatment regimen, factor usage and compliance to
therapy difficult.7 Many patients forget to bring their diaries
during visits to the treatment centre or enterdata in the diaries
with unclear handwriting. Consequently, neglected reporting
may lead to inappropriate medical care.4 Interestingly, studies
show that patients find paper diaries cumbersome and incon-
venient.8 Furthermore, statistical analysis of data exported
from paper diaries is time-consuming as they must be manu-
ally transferred to the corresponding electronic database.9

Due to the technological development and introduction of
telemedicine,10 besides paper diaries, an evolving option for
CCC becomes the use of electronic diaries (e-diaries).11

Studies conducted among patients with chronic pain12 prove
that its implementation led to increased patients’ compli-
ance with data entry. Other publications suggest that digital
diaries increase the amount of reported information, allow-
ing real-time entries and clotting factor trafficking.8 Direct
data analysis is seen as a further advantage of e-diaries.
Questionnaire-based studies showed high patients’ satisfac-
tion with e-diary use.8

We conducted a study aiming at evaluating the effects of
an electronic smartphone application/online diary named
‘Haemoassist’ (developed and introduced by ‘Pfizer’), on
quality of data documentation and patients’ compliance to
prescribed home therapy.

Patients

A total of 100 patients with severe coagulation factor defi-
ciencies who had been using the respective e-diary for a
period of 6 to 12 months were recruited to the study. All of
them had been followed for at least 3.5 years at our treat-
ment centre. Ninety-nine patients had severe haemophilia A
or B, and 1 had severe factor VII deficiency. By the time of
evaluation, the mean age of patients was 41 years (range: 4–
78 years), 7 of themwere below 13 years, 4 patients between
13 and 20 years, 38 patients between 21 and 40 years, 35
patients between 40 and 60 years and 16 were older than
60 years. For young children in our group, the parents
documented the treatment in the e-diary.

Study Design and Methods

In this explorative single-centre study,we analysed the effect
of an e-diary on the treatment of PwH, based on two
consecutive periods of reporting—3 years before and 6 to
12 months after the introduction of e-diary. All recruited
patients agreed on using the e-diary. After the switch from
paper diary, the use of Haemoassist remained the onlyoption
for record keeping.

Data Collection
Data on the 3-year period before the introduction of Hae-
moassist were derived from the electronic database of
Haemophilia Centre in Bonn, Germany. This electronic sys-
tem holds data from historical paper records transferred
manually by the treatment centre staff into the electronic
files of eachpatient. Data collection comprised the number of
paper entries per month returned to the centre (so-called
‘protocols of clotting factor tracking’ required by the German
Transfusion Law), the day, the amount and the indication/
reason for clotting factor application (prophylaxis and/or
bleeding events) over a period of 3 years before the introduc-
tion of Haemoassist. The 3-year period data were averaged.

Comparable information was derived from the e-diary
server, regarding the first 6 to 12months of Haemoassist use
for the same patients. For patients who have been using the
application for less than rounded 12 months, missing infor-
mation was extrapolated to correspond to a full year to
ensure comparability of data from both analysed periods.

Age Groups
By means of statistical analysis, all patients were allocated to
five age groups (below 13 years of age, 13–20 years, 21–40
years, 41–60 years, older than 60 years) based on age-depen-
dent differences in the lifestyles and mode of treatment.

Assessments
The following parameters were evaluated within our study:

1. Assessment of the impact of the switch to e-diary on data
delivery for clotting factor application. Evaluated was the
number of patientswith fully filled-inmonthly ‘protocols’
returned to the centre by the time of paper diary use.
Additionally, the number of patients with present or
missing reports for clotting factor application since the
beginning of Haemoassist use was assessed.

2. Assessment of the impact of the switch to e-diary on
completeness of data reporting. This parameter is pre-
sented in percentages obtained from the actual number
of clotting factor infusions, reported monthly by the
patient, divided by the definite number of expected
monthly infusions according to the prescribed regimen.
Completeness of data reporting was considered 0% in case
information for clotting factor application was missing
from both types of diaries (patient had either not been
returning any paper diaries [protocols] to the centre or
had not been entering any data into the Haemoassist
system). Data from the 3-year paper diary use are
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presented as means and corresponding standard devia-
tions (SDs) of the averaged values for completeness for
each of the 3 years of observation. Data from the period of
e-diary use are presented as means and SD.

3. Assessment of the impact of the switch to e-diary on
compliance with the prescribed regimen. Compliance to the
prescribed treatment regimen was assessed only for those
patients who have reported throughout the studied period
(patients with missing information for any of the analysed
months of the observational periodwere excluded from the
analysis). Thus, the avoidanceofpossible confounding in the
assessedparameterduetothelackofpatients’ reportingwas
ensured. The parameter is expressed in percentages, where
0% was considered in case the patient was infusing clotting
factor, but never according to the physician’s prescription.
Value of 100% corresponds to infusions applied in full
concordance with the weekly factor application regimen
prescribed by the physician. Data for both periods of com-
parison are presented as means and SD.

4. Assessment of the impact of the switch to e-diary on
reporting of bleeding episodes is evaluated by analysing the
number of patients who were reporting on bleeding
events by the time of paper diary use, compared with
the number of patients entering data about bleeds into the
e-diary system after its implementation. The presence of
bleeding episodes, their absence or lack of reporting was
validated after a parallel check-up of patients’ files in the
haemophilia centre and clotting factor consumption log.
The 3-year period data were averaged.

All home applications of clotting factor were validated by
verification of the amount of clotting factor concentrate,
dispensed by the treatment centre to the patient for the
same period.

The study did not take into consideration prior computer
experience of patients enrolled, as they were randomly
switched to the use of e-diary. On the day of the switch to
digital diary, each subject (irrespective of age and social
status) was briefly instructed about the use of the Haemoas-
sist application/online version by one of the CCC physicians.

Statistical analysis, figures and diagrams were processed
using Excel 2016 and R-commander in Excel. As the distribu-
tion of data proved to be skewed, non-parametric Wilcoxon
signed-rank test was used to prove the significance of the
difference for the compared results. p-Values of < 0.05 were
considered significant.

‘Pfizer’, the supplier of ‘Haemoassist’ did not provide
financial support for the study and had no influence on its
design. All patients included in the analysis were coded by
means of ensuring confidentiality.

Results

Assessment of the Impact on Data Delivery
Analysis ofdata delivery to site showed that before the use ofe-
diary 23 of 100 patients were not delivering any information
about hometherapyduring the observed3 years of paper diary
use,5of100wereproviding full information foronly1 yearand

5 of 100 were providing full data for 2 years of the studied
period (►Figs. 1 and2). After the implementation ofHaemoas-
sist, only 10 of 100 patients were not entering any treatment
data into the system. The distribution according to age groups
as a cross-section for both periods is presented in percentages
in►Fig. 3.Major improvement (34%morepatients)wasseen in
thegroupof21 to40years, contrary to thegroupofadolescents
(13–20 years) which remainedwithout any assessed progress.
Overall enhancement in data delivery of 23% (p ¼ 0.013) was
observed among the whole cohort.

Fig. 1 Percentage of patients, delivering records on infusions during
the time of paper diary use.

Fig. 2 Percentage of patients, delivering records on infusions during
the time of e-diary use.
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Assessment of the Impact on Completeness of Data
Reporting
Highest increase intheassessedcompletenessofdatareporting
was registered in the age group of 13 to 20 years, followed by
the group of patients aged21 to 40,where 22% (from38% � 11
to 60% � 7, p ¼ 0.000) and 21% (from 52% � 7 to 73% � 5,
p ¼ 0.000)more infusionswere recordedby thetimeofe-diary
use, respectively. Patients in the age groups of 41 to 60 years
(from 74% � 9 to 87% � 4, p ¼ 0.001) and > 60 years (from
80% � 6 to 90% � 3, p ¼ 0.002) showed moderate improve-
mentof 13and10%, correspondingly,while an improvement of
only 2% (from 65% � 2 to 67% � 2, p ¼ 0.05) was seen in the
age group of < 13 years. An overall increase in the complete-
ness of data reporting of 21% (from 65% � 35 to 86% � 22,
p ¼ 0.003) was registered within the entire cohort.

Assessment of the Impact on Compliance to the
Prescribed Treatment Regimen
Slight overall enhancement of 6% (from 82% � 29 to
88% � 25, p ¼ 0.05) was also assessed in patients’ compli-
ancewith the prescribed treatment regimen.Major improve-
ment of 24% was scored in the group of patients between 13
and 20 years, where the parameter showed an increase from
76% � 10 to 100%, p ¼ 0.05. Only minor improvement
(between 2 and 7%) was observed in the other 4 groups,
where 7% increase was registered in the group of patients
older than 60 years (from 92% � 5 to 99% � 2, p ¼ 0.05) and
5% in the group aged 41 to 60 years (from 84% � 8 to
89% � 12, p ¼ 0.06). Improvement of 2% was registered in
two of the groups—the one below the age of 13 years and the
one between 21 and 40 years (from 98% � 2 to 100% � 0,
p ¼ 0.04 and from 74% � 4 to 76% � 6, p ¼ 0.06, respec-
tively). However, none of the assessed differences in the
parameter proved to be statistically significant.

Assessment of the Impact on Bleeding Episodes
Reporting
Before the introduction of Haemoassist, 32 of 100 patients in
the cohort did not report on any bleeding episode. By the

time of Haemoassist’s use, 16 of those 32 started to report on
bleedings (50% increase in reporting for the group,
p ¼ 0.012). Overview of the whole cohort shows that 68 of
100 patients were reporting by the time of paper diary use,
while the number of patients reporting increased to 84 of
100 during the Haemoassist use (16% increase in the cohort,
p ¼ 0.01). Bleeding episode reporting according to patient’s
age is shown in ►Fig. 4.

In summary, significant differences could be assessed for
record delivery, completeness of records and bleeding epi-
sodes reporting. Borderline level of significance could be
assessed for compliance with the prescribed treatment regi-
men for the whole studied period.

Discussion

In our analysis, we have studied the impact of the introduc-
tion of an e-diary, ‘Haemoassist’, in patients with severe
coagulopathies on the record delivery, the validity of records
on compliance to therapy and bleeding events reporting.
These parameters were compared with data obtained from
the same patients’ records collected retrospectively for an
antecedent period of paper diary use.

Our study demonstrated an increased number of record
deliveries registered in theperiodofe-diary use in comparison
to the period of paper diary use. These findings are consistent
with other studies.6,8However, this advantage of Haemoassist
use was expected, as the design of the software allows real-
time delivery of the entered information to the database
system of our treatment centre. In contrast, record deliveries
with paper diary used to rely on the patients’ visits to the
haemophilia care centre. In terms of real-time data transfer,
clotting factor tracking as well as therapy follow-up, the on-
time data transmission is of utmost importance.13 The highest
increase in recorddelivery (34%)was reported in theagegroup
of 21 to 40 years, whichmight be related to the convenience of
the ubiquitous access to the e-diary via application/webpage,
that may be considered as important in the context of pre-
sumably active lifestyle of the respective age group.

Fig. 3 Age distribution and comparison of record delivery for the period of paper diary use and e-diary use.
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Moreover, significant improvements attributed to the use
ofe-diarywereobserved in the completeness ofdata reporting
amongour cohort. A possible explanationmayagain be seen in
the accessibility of e-diary use. The observed improvements in
the completeness of data reporting in the teenage group of
patients (13–20 years) and the group of young adults (21–40
years) are deemed as highly relevant, as in our experience
therapy tracking in both the age groups is the most cumber-
some.Althoughnooronlyslight advancementwasexpected in
both the oldest groups (41–60 and over 60 years of age), 10%
increase in the completeness of data reporting was registered,
clearly demonstrating that even the older generation of
patients is coping with the Internet or application-based
diaries and does not consider them demanding.

Furthermore, similar progresswas seen in the registration
and reporting of bleeding events which again confirmed the
suitability and advantages of e-diary use regarding patient’s
clinical management.

Despite that, the initial compliance with the prescribed
treatment regimen in our group of patients proved to be
relatively high (73–98%), improvement in compliance could
still be achieved by the switch to e-diary. We could speculate
that the calculated difference in compliance of the patients
assesses the actual increase in compliance to therapy attrib-
uted to the use of ‘Haemoassist’. Major progress in the com-
plianceto therapyhasbeennoted in thegroupof teenagersand
young adults, which might be of significance for the joint
health preservation in future.14 An explanation for the
assessed positive effect on the compliance in these two groups
may lie in the Haemoassist’s reminder function, which assists
patients not to forget to apply the prophylactic infusion on the
right time and date. To our knowledge, this study was thefirst
to assess the impact of e-diaries on compliance with home
treatment in patients with severe bleeding disorders.

Furthermore, the e-diary proves to be an advantageous
method for data analysis, as information delivered digitally
can be directly integrated into the database of our treatment
centre, while the data from paper records must be entered
manually into the computer system before processing.5 In
the past, this process of human transfer of informationmight

have led to entry errors and lack of precision in record
transmission, additionally contributing as a confounding
factor, generating a deterioration of the assessed results
for the evaluated period of paper diary use.

The interpretation of the data is limited by the two
different study designs and the different follow-up periods
(retrospective data of 3-year period of paper-based diary vs.
prospective data of 6–12 months of e-diary use). Further-
more, a part of the results in the prospective arm of the study
was obtained by extrapolation, suggesting that the mathe-
matically derived data may differ from the real-life entries
and thus could bias the outcome. It also cannot be excluded
that certain improvements may be related to the initial
attraction of the patients towards the new reporting tool.
Nevertheless, the results of this study point to a promising
preference of our patients to an electronic transfer of treat-
ment data and the described effectswill be re-assessed in the
near future with comparable time periods (3 years after the
introduction of the device) for both documentation tools.
Parallel prospective assessment of both record-keeping tools
(paper diaries and e-diaries) could be of further benefit to
stress the advantages of e-diaries.

Conclusion

This study aimed to highlight the benefits attributed to the
implementation of the e-diary system ‘Haemoassist’ in hae-
mophilia care. We demonstrated that Haemoassist yields a
significant advantage in terms of data recording and tracking
of home therapy in haemophilia patients in comparison to
paper diaries. Improvement in compliance to prescribed
treatment regimen owed to the introduction of the system
in the everyday routine of patients and seems to be an
additional positive effect.
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