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The importance of ambulatory blood pressure monitoring (ABPM) is emphasized in
the 2013 European Society of Hypertension (ESH)/European Society of Cardiology
(ESC) guidelines for the management of arterial hypertension.1 Furthermore, the ESH
recently published a position paper on ABPM,2 reinforcing the need for proper validation of BP-measuring devices according to the revised ESH International Protocol
(IP) 2010 criteria.3 Surprisingly, no reports on ABPM devices that have successfully
passed the 2010 version of the ESH-IP have been published to date.4
The custo screen 400 (custo med, Ottobrunn, Germany) is a newly developed
ABPM device for 24-hour BP measurement. An important feature is the option to
use it as a Holter ABPM recorder for the synchronous recording of ABPM and Holter
electrocardiograms (ECGs). The custo screen 300 is identical to the custo screen 400,
but without an ECG-recording facility. Both systems are intended for use by trained
specialist staff or physicians in clinics and offices. The aim of the present study was
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Objective: The aim of the present study was to validate the custo screen 400 ambulatory blood
pressure-monitoring (ABPM) device according to the 2010 International Protocol revision of
the European Society of Hypertension (ESH-IP). The device can be used for ABPM for up to
72 hours.
Materials and methods: Systolic and diastolic blood pressure (SBP and DBP, respectively)
were sequentially measured in 33 adult subjects (13 males and 20 females) and compared with
a standard mercury sphygmomanometer (two observers). A total of 99 comparison pairs were
obtained.
Results: The custo screen 400 met the requirements of parts 1 and 2 of the ESH-IP revision
2010. The mean difference between the device and reference sphygmomanometer readings was
−0.5±4.5 mmHg for SBP and −0.1±3.3 mmHg for DBP. All but one measurement were within
the absolute difference of 10 mmHg between the device and the observers for SBP and DBP.
The number of absolute differences between the device and the observers within a range of
5 mmHg was 84 of 99 readings for SBP, and 93 of 99 readings for DBP.
Conclusion: The custo screen 400 ABPM device met the requirements of the 2010 ESH-IP
revision, and hence can be recommended for ABPM in adults. To our knowledge, the custo
screen 400 is the first device to pass the revised ESH-IP 2010.
Keywords: validation, ambulatory blood pressure monitoring, ESH
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to evaluate the accuracy of BP measurements obtained with
the custo screen 400, as assessed according to the criteria of
the ESH-IP revision 2010.3
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Device details
The custo screen 400 is an ABPM device that is used for
recording and evaluating a subject’s BP (Figure 1). As a special
feature, it can be used in combination with custo guard 3 (a
three-channel ECG transmitter) for synchronized ABPM and
Holter ECG recordings. The custo screen 400 is an oscillometric measuring device with automatic zero balancing. The
maximum recording time is 72 hours for ABPM recordings
alone and 24 hours for synchronous Holter ABPM recordings.
The cuff pressure ranges from 0 to 300 mmHg. The standard
adult cuff can be used for arm circumferences of 24–32 cm.
Further cuff sizes are available for arm circumferences of
20–24 cm (small), 32–40 cm (XL), and 38–50 cm (XXL).
To initiate ABPM, the custo screen infrared interface must
be connected to the computer and be ready for operation.
After selecting a subject, different parameters have to be set,
including measuring intervals (standard or customized), time
for day and night phases or additional phases, the option for
repeated measurements, signal before measurement (beep),
display results, and print diary. The display of the device
indicates systolic and diastolic BP (SBP and DBP, respectively) values together with heart rate and an error code in
case of failure. When the measurements are complete, data
are downloaded via an infrared interface. The quality of the
recording, including invalid measurements and their underlying causes, can be checked.

Figure 1 Custo screen 400 test device.
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Materials and methods
Familiarization
Prior to the validation procedure, the validation team participated in a familiarization session, and a series of BP
measurements were taken using the test device. The custo
screen 400 was determined to function correctly, with no
abnormalities identified.

Recruitment
Subjects were recruited at the Institut für Pharmakologie und
Präventive Medizin in Cloppenburg, Germany. Subjects were
not eligible for the study if they had arrhythmia, Korotkoff
sounds of poor quality, or an arm circumference outside the
cuff range. A total of 37 subjects aged at least 25 years were
screened, and 33 subjects were enrolled. Written informed
consent was obtained from each of the subjects.

Procedure
The test strictly followed the recommendations of the ESH-IP
revision 2010 for the validation of ABPM devices in adults.3
Measurements were performed by two experienced, trained
observers and a supervisor. The observers were instructed in
the use of the custo screen 400.
Each subject was seen individually in a quiet,
temperature-controlled room. Measurements were performed in a sitting position with the arm supported at heart
level after resting for 10–15 minutes, in accordance with
the ESH-IP guidelines. The upper-arm circumference was
measured to ensure that the cuff was of adequate size, but
selection of the subjects was not made on the basis of their
arm circumference. For reference measurements, standard BP auscultation with a mercury sphygmomanometer
(ERKAmeter 3000; ERKA, Bad Tölz, Germany) and an
appropriate reference cuff was used. The standard sphygmomanometer was checked and calibrated using a KAL 100
(Halstrup-Walcher, Kirchzarten, Germany). Reference
measurements were performed by two experienced and
trained observers, who determined the auscultation readings
simultaneously in a blinded manner with a dual-earpiece
teaching stethoscope.
Nine BP measurements were taken with the reference standard sphygmomanometer and the custo screen 400 for each
subject. Baseline BP values were measured by the observers
(BPA), and used to categorize the subjects within the following BP ranges: 90–129, 130–160, and 161–180 mmHg for
SBP, and 40–79, 80–100, and 101–130 mmHg for DBP. After
measurement of device-detection BP (BPB), seven alternate measurements with the standard sphygmomanometer
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(BP1, BP3, BP5, and BP7) and the test device (BP2, BP4,
and BP6) were performed for analysis.
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Statistical analysis
Analysis was performed using SAS version 9.3 (SAS
I nstitute, Cary, NC, USA) and Microsoft Excel 2010
(Microsoft, Redmond, WA, USA). SBP and DBP were
analyzed separately. The mean of each pair of observer
measurements was calculated as a reference value. The differences between the mean observer value and the device
values were calculated according to ESH-IP 2010 and were
displayed in Bland–Altman plots against the difference
between the two values.

Table 2 Subject characteristics at baseline
Sex
Male:female
 Age (years)
 Arm circumference (cm)
Cuff size for test device
 Standard (24–32 cm), n (%)
 Large (32–40 cm), n (%)
SBP (mmHg)
DBP (mmHg)

Mean

SD

Min

Max

13:20
57.4
28.9

13
2.9

25
24

87
36

31 (93.9)
2 (6.1)
143.9
87.9

28.1
17.9

106
49

218
123

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure;
SD, standard deviation.

A total of 37 subjects were screened, and 33 subjects were
enrolled (Table 1). Four subjects were excluded: one had a
BP range for a group that was fully enrolled, one had been
assigned to the wrong BP range, and two were disregarded
to achieve the proper BP distribution with respect to DBPrange criteria.

The remaining 33 subjects (13 males and 20 females) had
a mean age of 57.4±13 years (range 25–87 years) (Table 2).
Mean arm circumference was 28.9±2.9 cm (range 24–36 cm).
With the exception of two subjects who required a larger
cuff size, all subjects had an arm circumference that was
suitable for the standard cuff. At baseline, mean SBP was
143.9±28.1 mmHg (range 106–218 mmHg), and mean DBP
was 87.9±17.9 mmHg (range 49–123 mmHg). For each subject, three valid BP measurements were taken with the custo
screen 400, resulting in 99 valid measurements for analysis.

Table 1 Screening and recruitment details

Blood pressure measurements

Results
Subjects

Screening and recruitment (n=37)
Total screened
Total excluded
Ranges complete
0
Range adjustment
2
Arrhythmias
0
Device failure
0
Poor-quality sounds
0
Cuff size unavailable
0
Observer disagreement
0
Distribution
2
Other reasons
0
Total recruited

37
4

33

mmHg

All

,90
90–129
130–160
161–180
.180

0
11
10
11
1

,40
40–79
80–100
101–130
.130

0
11
11
11
0

On Rx

Recruitment ranges (n=33)
SBP
 Low
Medium
High

4
5
8

DBP
 Low
Medium
High

5
5
7

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure;
Rx, antihypertensive drug prescription.
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Table 3 demonstrates that all mean observer test measurements were within the range of 25–43, as specified by ESH-IP
2010. In addition, the maximum difference between categories for SBP and DBP was below the specified limit of 19.
The range of observer measurements was 100–220 mmHg
for SBP, and 49–123 mmHg for DBP. Overall mean observer
differences were 0.4±1.4 and −0.4±1.5 mmHg for SBP and
DBP, respectively (Table 4).
The mean difference (± standard deviation) between
measurements obtained with the custo screen 400 and the
reference sphygmomanometer was −0.5±4.5 mmHg for
SBP and −0.1±3.3 mmHg for DBP (Table 5). Based on the
ESH-IP 2010 criteria, the device met the pass requirements
for SBP and DBP in parts 1 and 2.

Table 3 Observer measurements for subjects within each
BP range
Overall range (low–high)
Low (SBP ,130, DBP ,80)
Medium (SBP 130–160, DBP 80–100)
High (SBP .160, DBP .100)
Maximum difference

SBP (mmHg)

DBP (mmHg)

100–220
43
30
26
17

49–123
40
34
25
15

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 4 Observer differences
SBP
(mmHg)
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Observer 2 – Observer 1
Range
-2 to 4
Mean (SD)
0.4 (1.4)

DBP
(mmHg)

Repeated
measurements

-4 to 4
-0.4 (1.5)

NA
NA

2010 criteria were stricter, especially with respect to the passlevel criteria,3 and would noticeably increase the failure rate of
devices being validated.
A recent systematic review5 on the accuracy of ABPMs
confirmed the search results outlined earlier of no published validations as to ESH-IP 2010,3 and also considered
further validation protocols, such as those of the British
H ypertension Society (BHS), 6 the Association for the
Advancement of Medical Instrumentation (AAMI), 7 and
the International Organization for Standardization.8 They
identified a total of 38 studies, of which 28 assessed a monitor
in the general population. Of these, protocols were passed in
24 of 28 studies, but 12 of 24 (50%) found a difference of at
least 5 mmHg SBP between the test device and the reference
standard for 30% or more of the readings.
The authors also assessed the effect of the introduction of
ESH-IP 2010 on ABPM-validation studies in a retrospective
comparison of included studies, and estimated the proportion passing or failing each protocol, based on testing the
device accuracy per measurement alone.5 The analyses demonstrated that eight studies – of which four passed original
validation using ESH-IP1 (2002)9–12 and four using the BHS
protocol13–16 – would have passed IP1 but failed the more rigorous criteria of IP2 (2010). Overall, the pass rate in studies
using the ESH-IP protocol would have dropped from 83%
(ten of 12) to 50% (six of 12) if the IP2 criteria had been used
instead, a finding that has been previously reported.4 A further
five studies17–21 that passed monitors using the BHS criteria
would have failed using either ESH-IP grading.
Putting our results into perspective with the results
obtained by evaluating clinical studies as to the ESH-IP2
criteria, we obtained excellent results for both SBP (84 of
99 or 85% were #5 mmHg) and DBP readings (93 of 99 or

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure;
SD, standard deviation; NA, not applicable.

Bland–Altman plots of the differences between BP measurements obtained with the custo screen 400 and the standard
reference sphygmomanometer (Figures 2 and 3) demonstrated
an equal distribution of BP differences around 0 mmHg, with
only one outlier beyond 10 mmHg. The majority of values were
within a range of 5 mmHg for both SBP and DBP.

Discussion
To our knowledge, the custo screen 400 device is the first to
pass the ESH-IP 2010 revision.3 A PubMed search (http://www.
pubmed.org), which was conducted on February 28, 2014 using
the search string “ESH International Protocol 2010”, resulted in
20 publications on the validation of BP-measuring devices. Of
those, 13 reported the outcomes of validation studies for a total
of 19 devices; however, none of these publications reported the
outcomes of a device intended for ABPM use. Using the dabl®
Educational Trust website (http://www.dableducational.org) on
February 28, 2014, a search for ABPM devices undergoing validation according to the ESH-IP resulted in 21 studies in which
37 devices were tested. Among these studies, 21 devices were
“recommended”, seven were considered to be “questionable”,
and nine were “not recommended”. All these devices were
validated according to ESH-IP 2002, but not ESH-IP 2010.
As outlined in a recent overview comparing 2002 with the
2010 version of ESH-IP, Stergiou et al4 concluded that the
Table 5 Validation results
Part 1
Pass requirements
Two of
 All of
Achieved
 SBP
DBP
Part 2
Pass requirements
Achieved
 SBP
DBP
Part 3

#5 mmHg

#10 mmHg

#15 mmHg

73
65

87
81

96
93

84
93

98
99

99
99

2/3#5 mmHg

0/3#5 mmHg

$24

#3

30
32

0
1

Grade 1

Mean (mmHg)

SD (mmHg)

Passed
Passed
Grade 2

-0.5
-0.1

4.5
3.3
Grade 3

Passed
Passed
Result
Passed

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation.
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Figure 2 Bland–Altman plots demonstrating the systolic blood pressure (SBP) differences between the custo screen 400 device and reference sphygmomanometer and the
average of device and observer pressure values.

94% #5 mmHg). Comparable results were only obtained
by six of 28 previous studies in the general population using
IP1, AAMI or BHS, being evaluated post hoc using the IP2
criteria,22–27 with comparatively better results for the SBP
than the DBP reading.

Noteworthy are limitations of current protocols and
the low adherence of investigators to these. This has been
previously acknowledged,5 with pledges for simple and
straightforward instructions, such as in the most recent
ESH-IP2. On the other hand, these protocols do not cover

30

Device – observer measurement – DBP (mmHg)

Vascular Health and Risk Management downloaded from https://www.dovepress.com/ by 3.83.236.51 on 26-Jun-2019
For personal use only.

30

25
20
15
10
5
0
−5
−10
−15
−20
−25
−30
40

50

60

70

80

90

100

110

120

130

Mean device and observer measurement – DBP (mmHg)
Figure 3 Bland–Altman plots demonstrating the diastolic blood pressure (DBP) differences between the custo screen 400 device and reference sphygmomanometer and
the average of device and observer pressure values.
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typical clinical situations, such as patients lying during
sleep. This has been fostered by the BHS 1993 protocol
revision, where a second part of ABPM validation is recommended during exercise and different postures.6 Current
protocols therefore need to balance the request for more
elaborate validations on the one hand, and the obvious difficulties in adhering to even simpler protocols, as is evident
from prior research. As Hodgkinson et al concluded from
their analyses, ESH-IP2 appears without compromise with
respect to the integrity of the validation procedure, though
simpler than prior protocol versions.5

Perspectives
A new feature of the custo screen 400 is the possibility to use
it in combination with a Holter ECG device for synchronous
recording of ABPM and Holter ECG for up to 24 hours. This
may be an advantage for a considerable subgroup of patients
with suspected rhythm disorders, in whom BP measurements
tend to be inaccurate or lead to errors of the test device.
Further studies are needed to explore fully the potential of
this device combination.

Conclusion
The custo screen 400 ABPM device passed the ESH-IP 2010
revision requirements, and hence can be recommended for
ABPM in adults. To our knowledge, the custo screen 400
device is the first to pass the revised ESH-IP 2010.
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