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1  |  INTRODUC TION

Blood pressure (BP) measured in the doctor's office is closely as-
sociated with cardiovascular prognosis.1 However, out-of-office 

BP (eg, 24-h ambulatory BP monitoring [ABPM]) is an even bet-
ter predictor of cardiovascular morbidity and mortality2,3 as well 
as hypertension-mediated organ damage.4 For this reason, cuff-
based 24-h ABPM is recommended in guidelines for hypertension 

Received: 17 August 2020  | Revised: 9 October 2020  | Accepted: 9 October 2020

DOI: 10.1111/jch.14135  

O R I G I N A L  P A P E R

The cuffless SOMNOtouch NIBP device shows poor agreement 
with a validated oscillometric device during 24-h ambulatory 
blood pressure monitoring

Jakob Nyvad MD1  |   Kent L. Christensen MD, DMSc2 |    
Niels Henrik Buus MD, PhD, DMSc1 |   Mark Reinhard MD, PhD1

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2020 The Authors. The Journal of Clinical Hypertension published by Wiley Periodicals LLC

Clinical trials registration: NCT04278001. 

1Department of Renal Medicine and 
Clinic of Hypertension, Aarhus University 
Hospital, Aarhus, Denmark
2Department of Cardiology and Clinic of 
Hypertension, Aarhus University Hospital, 
Aarhus, Denmark

Correspondence
Jakob Nyvad, Department of Renal 
Medicine, Aarhus University Hospital, 
Palle Juul-Jensens Boulevard 100, 8200, 
Aarhus N, Denmark.
Email: jaknyv@rm.dk

Funding information
This study was fully funded by the 
Department of Renal Medicine, Aarhus 
University Hospital

Abstract
Repeated cuff-based blood pressure (BP) measurements may cause discomfort result-
ing in stress and erroneous recording values. SOMNOtouch NIBP is an alternative 
cuff-less BP measurement device that calculates changes in BP based on changes in 
pulse transit time (PTT) and a software algorithm. The device is calibrated with a sin-
gle upper arm cuff-based BP measurement. We tested the device against a validated 
24-h ambulatory BP monitoring (ABPM) device using both the previous (SomBP1) and 
the current software algorithm (SomBP2). In this study, 51 patients (mean age ± SD 
61.5 ± 13.0 years) with essential hypertension underwent simultaneous 24-h ABPM 
with the SOMNOtouch NIBP on the left arm and a standard cuff-based oscillometric 
device on the right arm (OscBP). We found that mean daytime systolic BP (SBP) with 
OscBP was 140.8 ± 19.7 compared to 148.0 ± 25.2 (P = .008) and 146.9 ± 26.0 mmHg 
(P = .034) for SomBP1 and SomBP2, respectively. Nighttime SBP with OscBP was 
129.5 ± 21.1 compared with 146.1 ± 25.8 (P < .0001) and 141.1 ± 27.4 mmHg (P = .001) 
for SomBP1 and SomBP2, respectively. Ninety-five% limits of agreement between 
OscBP and SomBP1 were ± 36.6 mmHg for daytime and ± 42.6 mmHg for nighttime 
SBP, respectively. Agreements were not improved with SomBP2. For SBP, a nocturnal 
dipping pattern was found in 33% of the study patients when measured with OscBP 
but only in 2% and 20% with SomBP1 and -2, respectively. This study demonstrates 
that BP values obtained with the cuff-less PTT-based SOMNOtouch device should 
be interpreted with caution as these may differ substantially from what would be 
obtained from a validated cuff-based BP device.
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stage classification as an 1A recommendation.5,6 However, cuff-
based ABPM has several limitations as measurements are dis-
continuous, uncomfortable to many patients7-9 and impacted by 
positional changes.10 For decades, it has been known that pulse 
transit time (PTT), that is, the time it takes for the pulse wave to 
travel through the length of the arterial tree, covaries with BP.11,12 
Recently, cuff-less devices designed to estimate BP based on 
changes in PTT have been released by a range of manufacturers 
with the aim of overcoming the limitations of cuff-based BP de-
vices. These include the Biobeat Watch (Biobeat Technologies, 
Petah Tikva, Israel), the Maisense Freescan (Maisense Inc Zhubei 
City, Taiwan) as well as the SOMNOtouch NIBP (Somnomedics 
GmbH, Randersacker, Germany). Most commonly, the devices 
measure PTT as the interval between the R-wave of the electro-
cardiogram (ECG) and the arrival of the corresponding pulse wave 
at the index finger or at the wrist. Changes in PTT is then used to 
calculate changes in systolic and diastolic BP using an algorithm 
based on the non-linear association between BP and PTT. As PTT 
can only be used for estimating changes in BP, PTT devices require 
an initial calibration BP with a cuff-based BP device. The Biobeat 
Watch was recently approved by the United States Food and Drug 
Administration (FDA) for home BP measurement as the first cuff-
less device ever. A concern has been raised that this approval 
would make future FDA-approval of other PTT-based BP devices 
easier to attain, which could lead to a wave of approved BP de-
vices, including smartwatches and smartphones, utilizing PTT.13 
PTT-based estimation of BP changes may therefore in the near 
future be quite commonplace. Some PTT-based devices, including 
the SOMNOtouch NIBP™, have undergone successful validation 
according to European Society of Hypertension (ESH) proto-
cols.14,15 However, this validation requires only 30 min of measure-
ment after the initial calibration and, as stated in a recent position 
paper by the Lancet Commission on Hypertension Group, current 
ESH- and American Society of Hypertension validation protocols 
for BP devices may be insufficient to properly test the novel cuff-
less devices.16 The commission therefore recommends the use of 
a recent draft ISO guideline when validating cuff-less BP measure-
ment devices.17 We do not know if the SOMNOtouch device would 
pass the new ISO protocol. At present, to the best of our knowl-
edge, the only published study comparing the PTT method with an 
oscillometric device for use in 24-h ABPM in adults was conducted 
using the CE (Conformité Européenne) marked SOMNOtouch 
NIBP device. This study found both systolic and diastolic BP to be 
substantially higher using the PTT device compared with a stan-
dard upper arm cuff-based oscillometric BP device.18 Since then, 
a new software version (Domino Light v. 1.5.0) with an adjusted 
algorithm has been released for the SOMNOtouch device, with 
the aim of improving the accuracy of measurement during night-
time. No published studies have assessed the accuracy of mea-
surements with the PTT device using the Domino Light software 
version 1.5.0 (SomBP2) compared to the previous and still widely 
used edition (Domino Light v. 1.4.0, SomBP1) and standard oscil-
lometric BP measurement. We initiated this study to investigate 

the clinical usefulness of the SOMNOtouch device by comparing 
the BP measurements of the device with the measurements of a 
standard cuff-based oscillometric device during 24-h ABPM.

2  |  METHODS

2.1  |  Recruitment of study participants

A total of 60 adult patients with essential hypertension and an indi-
cation for 24-h ABPM were recruited from The Hypertension Clinic 
at Aarhus University Hospital. Exclusion criteria were as follows: 
Known significant arterial abnormalities in the upper extremities, 
known cardiac arrhythmia, upper arm circumference below 15 cm 
or above 42 cm, or possible extreme uncontrolled hypertension 
(ie, resting office BP > 250/140 mmHg). To enable testing of the 
device at both normal and elevated BP levels, we aimed at includ-
ing at least 15 patients in each of the following three categories: 
Normal BP, stage 1 hypertension, and stage ≥ 2 hypertension, based 
on the guidelines of the UK National Institute for Health and Care 
Excellence (NICE) for ABPM.19 Informed consent was obtained 
from all patients. At inclusion, a simultaneous bilateral BP measure-
ment was performed with three consecutive measurements using 
an automated oscillometric device (WatchBP Office®, Microlife, 
Corporation, Teipei, Taiwan)20 after 5 min of rest. If the difference in 
systolic blood pressure (SBP) between the arms was ≥10 mmHg, the 
patient was not included in the study.

2.2  |  ABPM measurements

All staff members involved in the project were familiar with the 
SOMNOtouch NIBP device (SomBP), which has been used in our 
clinic since 2015, mainly for selected patients with high cuff-based 
BP and at the same time symptoms of orthostatic hypotension. 
Mounting and calibration of the device were conducted according 
to the manufacturers’ instructions. With the patient sitting in an 
upright position with back support, a conventional oscillometric BP 
device (OscBP, Spacelabs 90 217, Spacelabs Healthcare, Hawthorne, 
USA)21 was fitted on the right arm, while the SomBP was fitted on 
the left arm. The SomBP was calibrated with a single BP measure-
ment with a cuff-based sphygmomanometer (Big Ben® Square, 
Riester, Jungingen, Germany) as per manufacturer instructions. The 
Spacelabs devices as well as the Riester sphygmomanometer were 
maintained and regularly calibrated as recommended by the manu-
facturers. The OscBP recorded BP three times every hour during 
daytime and twice every hour during nighttime, while the SomBP 
measured BP continuously. The patients were instructed to engage 
in normal activities but refrain from strenuous exercise and, at the 
time of cuff inflation, to stop moving and talking, while keeping the 
arm still with the cuff at heart level.

As per ESH guidelines, a minimum of 20 completed daytime 
and 7 completed nighttime measurements during the ABPM were 
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required for the 24-h ABPM to be valid.22 If this criterium was not 
met for one or both of the devices, data from both devices were 
excluded from the study. In these instances, patients were asked to 
repeat examination with both devices. SomBP1 data was extracted 
ad hoc using Domino Light 1.4.0 software. Reanalysis of SomBP-
data was performed post hoc with the Domino Light 1.5.0 software, 
and data were thereafter extracted locally by the primary investi-
gator. This reanalysis was performed by a SOMNOmedics program-
mer blinded to the corresponding OscBP measurements. From the 
SomBP measurements, we used instantaneous BP measured four 
times every hour for our analysis as BP is reported at this interval 
in the blood pressure report of the device. A small questionnaire on 
device-related pain and/or discomfort as well as sleeping habits was 
given to all participants.

2.3  |  Estimation of markers of arterial stiffness

To study the potential impact of aortic stiffness as well as pe-
ripheral wave reflection on the measurement of the PTT device, 
carotid-femoral pulse wave velocity (cfPWV) as well as radially 
obtained pulse wave analysis (PWA) was performed in duplicate 
with the SphygmoCor system (version 8.2, Atcor Medical, Sydney, 
Australia).23 A research nurse with more than a decade of experi-
ence using the Spygmocor device was responsible for these meas-
urements. cfPWV and aortic augmentation index adjusted for heart 
rate (AIx@HR75) are presented as the mean of two measurements. 
Measurements were only included in the analysis if they were 
deemed to be of acceptable quality. cfPWV was chosen, as this is 
considered the gold standard of arterial stiffness estimation in clini-
cal practice.24

2.4  |  Statistical analysis

The study was conducted to test the null hypothesis that there is 
no difference between the BP measurements of the two ABPM de-
vices. The study was designed to have at least 80% power to detect 
a 5-mmHg systolic BP difference between the devices. Assuming a 
standard deviation of 10 mmHg at least 34 patients thus had to be 
included. We decided to include at least 50 patients to attain accept-
able limits of agreement.25 All statistical analyses were performed 
using STATA software (v. 16.0, Statacorp, Texas, USA). A P value 
of .05 was prespecified as statistically significant. Variables were 
checked for distribution through histograms and QQ-plots. Data 
on continuous variables are presented as means ± SD unless stated 
otherwise. Means were compared using paired t test. Pearson's cor-
relation was performed to test for association between different 
BP measurement modalities. Regression analysis was used to test 
association between BP measurements and potential covariates. 
Multivariate regression analysis was carried out to adjust associa-
tions for interaction. Linear regression models were checked by di-
agnostic plots of residuals. Categorical variables were compared 

using chi-squared tests. For some dichotomous variables, Cohens 
kappa was used to test for agreement between devices.

3  |  RESULTS

3.1  |  General characteristics

A total of 60 patients were enrolled in the study. Nine (18%) of these 
were excluded after enrollment for the reasons outlined in Figure 1, 
leaving 51 patients in the current analysis. Patient baseline char-
acteristics are shown in Table 1. Average age was 61.5 years and 
59% were women. Average between-arms difference was insignifi-
cant for both SBP and diastolic BP (DBP). Based on NICE guidelines 
for ABPM, 17 patients (33%) had a normal SBP, that is, BP below 

F I G U R E  1  Study flow chart

Invited to participate
in study (n=75)

Not enrolled in study
(n=15)

Included in current
analysis (n=51)

Excluded after enrollment (n=9):

Insufficient recording quality
with SomBP (n=5)
Insufficient recording quality
with OscBP (n=2)
Unable to participate in BP
measurements due to health
emergency (n=1)
Technical issues (n=1)

Enrolled in study
(n=60)

TA B L E  1  Characteristics of included patients

Age, years 61.5 ± 13.0

Sex, female 30 (58.8)

BMI, kg/m2 28.7 ± 4.9

Difference in systolic BP, left minus right arm, mmHg 0.25 ± 3.6

Difference in diastolic BP, left minus right arm, 
mmHg

−0.39 ± 3.3

Mean valid 24-h cuff-based BP readings 55.5 ± 9.2

Percentage valid cuff-based BP readings compared 
to expected number of readings during 
measurement, %

89.7 ± 8.9

Mean number of prescribed antihypertensive 
medications

2.98 ± 1.4

Note: Data are mean ± SD or number (%) as appropriate.
Abbreviation: BMI, Body mass index.
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135 mmHg, 18 patients (35%) had stage 1 systolic hypertension, 
that is, SBP ≥ 135 mmHg and <150 mmHg and 16 patients (31%) 
had stage ≥2 systolic hypertension, that is, SBP ≥ 150 mmHg as-
sessed from the oscillometric awake mean BP.19 Average heart rate 
(HR) over the full measurement was 68.3 ± 11.1 beats/min as meas-
ured with OscBP and 69.8 ± 10.4 beats/min with SomBP1 (P < .05). 
Curiously, 24-h average HR was slightly lower with the SomBP2 
(69.1 ± 10.3 beats/min) as compared with SomBP1 (P < .01). From 
the questionnaire, it was ascertained, that 3 patients (6%) found the 
PTT device to cause significant discomfort while 27 patients (53%) 
found the OscBP device to cause significant discomfort.

3.2  |  Comparison between OscBP and SomBP1

Mean daytime, nighttime, and 24-h SBP were significantly higher for 
SomBP1 than for OscBP. The difference was most pronounced dur-
ing nighttime, where SBP was 16.6 ± 21.8 mmHg lower with OscBP 
(Table 2). Comparing mean daytime SBP between OscBP and SomBP1, 
the agreements ≤2, ≤5, ≤10, ≤15, and ≤20 mmHg were 6 (12%), 12 
(24%), 22 (43%), 31 (61%), and 35 (69%), respectively. For nighttime 
SBP, the agreements were 2 (4%), 5 (10%), 15 (29%), 22 (43%), and 29 
(57%), respectively. Agreements tended to be poorer for nighttime 
averages than for daytime and 24-h averages. A nocturnal BP dip-
ping pattern with a drop from daytime SBP of ≥10% was seen in 17 
patients (33%) with OscBP and 1 patient (2%) with SomBP1. The lone 
SomBP1 dipper was also found to be a dipper with OscBP.

DBP was significantly different between SomBP1 and OscBP 
during both daytime and nighttime. Overall, the agreement between 
the means of SomBP1 and OscBP was better for DBP than for SBP. 
For daytime DBP, the agreements ≤2, ≤5, ≤10, ≤15, and ≤20 mmHg 
were 13 (25%), 22 (43%), 37 (73%), 47 (92%), and 51 (100%), respec-
tively. Again, agreements were poorer for nighttime averages at 5 
(10%), 11 (22%), 24 (47%), 32 (63%), and 41 (80%), respectively. For 
DBP, a nocturnal dipping pattern was found in 34 patients (67%) 
with OscBP, while no patients were dippers with SomBP1.

Pearson correlation (r) between daytime, nighttime, and 24-h av-
erages for OscBP and SomBP1 are presented in Figure 2. Comparison 
of mean daytime, nighttime, and 24-h SBP and DBP is presented in 
Bland–Altman plots (Figure 3). The plots reveal large differences in 
day and night BP averages with SomBP1 and OscBP in the individual 
patient. The 95% limits of agreement for mean daytime SBP with 
SomBP1 were ±36.6 mmHg compared to the corresponding OscBP. 
For nighttime SBP, the equivalent 95% limits of agreement were 
even wider at ±42.6 mmHg. The 95% limits of agreement for DBP 
can be seen in Table 2. The Bland–Altman plots revealed a slight ten-
dency toward a gradual increase in the daytime and 24-h SomBP1 
compared to OscBP with increasing BP level. The Pearson coeffi-
cient for the association was small but significantly positive for day-
time and 24-h SBP and DBP (Figure 3). For nighttime SBP and DBP, 
the association was not significant (P = .08 and P = .10, respectively).

3.3  |  Comparison of OscBP and SomBP2

Overall, both SBP and DBP were lower for SomBP2 compared to 
SomBP1 and thereby closer to the mean SBP and DBP of OscBP. This 
difference was most pronounced for mean nighttime SBP. However, 
agreements in mean daytime, nighttime, and 24-h SBP with OscBP 
were not improved with SomBP2 compared to SomBP1. Comparing 
mean daytime SBP between OscBP and SomBP2, the agreements 
≤2, ≤5, ≤10, ≤15, and ≤20 mmHg were 5 (10%), 11 (21%), 21 (41%), 30 
(59%), and 35 (69%), respectively. For nighttime SBP, the agreements 
were 4 (8%), 6 (12%), 16 (31%), 24 (47%), and 29 (57%), respectively. 
The number of patients displaying a nocturnal dipping pattern in 
SBP was 10 (20%) with SomBP2. Seven of these patients were non-
dippers with OscBP.

For daytime DBP, the agreements ≤2, ≤5, ≤10, ≤15, and 
≤20 mmHg between OscBP and SomBP2 were 14 (27%), 21 (41%), 
36 (71%), 48 (94%), and 51 (100%), respectively. For nighttime DBP, 
the agreements were 8 (16%), 15 (29%), 25 (49%), 36 (71%), and 
45 (88%), respectively. In 7 patients (16%), DBP fell ≥10% during 

TA B L E  2  Comparison of mean daytime, nighttime, and 24-h blood pressure (BP) with the oscillometric Spacelabs device as well as the 
cuffless SOMNOtouch NIBP™ with the Domino Light v. 1.4.0 and v. 1.5.0 software

BP, mmHg P-values
95% limits of agreement, 
mmHg

OscBP SomBP1 SomBP2
OscBP vs. 
SomBP1

OscBP vs. 
SomBP2

SomBP1 vs. 
SomBP2

OscBP vs. 
SomBP1

OscBP vs. 
SomBP2

Systolic

Daytime 140.8 ± 19.7 148.0 ± 25.2 146.9 ± 26.0 .008 0.034 0.042 ±36.6 ±38.9

Nighttime 129.5 ± 21.1 146.1 ± 25.8 141.1 ± 27.4 <.0001 0.001 <0.0001 ±42.6 ±47.1

Total 136.9 ± 19.3 147.5 ± 25.2 145.3 ± 26.4 .0002 0.005 0.0004 ±36.7 ±39.8

Diastolic

Daytime 82.3 ± 10.2 85.1 ± 12.8 84.8 ± 13.4 .020 0.045 0.195 ±16.3 ±16.6

Nighttime 72.2 ± 10.7 84.4 ± 12.9 81.2 ± 14.2 <.0001 <0.0001 <0.0001 ±20.6 ±22.0

Total 78.9 ± 9.8 84.9 ± 12.9 83.9 ± 13.5 <.0001 0.0002 0.001 ±16.8 ±17.3
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nighttime with SomBP2. Five of these patients were non-dippers 
with OscBP.

Correlation coefficients for daytime, nighttime, and 24-h SBP 
and DBP averages for OscBP and SomBP2 were largely the same 
as for SomBP1 (Figure 4). The 95% limits of agreement for daytime 
and nighttime SBP compared with OscBP were not improved for 
SomBP2 as compared to SomBP1 at ±38.9 and ±47.1 mmHg, re-
spectively. For DBP, the 95% limits of agreement for both daytime 
and nighttime SomBP2 were similar to what was found for SomBP1 
(Table 2). Once again, Bland–Altman plots of SomBP2 and OscBP 
revealed a slight association between the BP level and the difference 
in OscBP and SomBP2 for both mean SBP and DBP during daytime 
and 24-h measurement while the association was also significant for 
both nighttime SBP and DBP (Figure 5).

3.4  |  Diagnosing controlled/uncontrolled 
hypertension with the SOMNOtouch NIBP device

With daytime and nighttime hypertension defined as a 
BP > 135/85 mmHg and >120/70 mmHg, respectively,5 and with 
OscBP as the reference, positive- and negative predictive values 
(PPV and NPV, respectively) as well as Cohens kappa (κ) for diagnos-
ing hypertension with SomBP1 and -2 can be seen in Table 3. PPV 

and NPV for the diagnosis of daytime hypertension were similar for 
SomBP1 and SomBP2.

κ-values for the diagnosis of daytime and nighttime hypertension 
with SomBP1 and -2 ranged from none to fair agreement.26

3.5  |  Arterial stiffness and PTT-based BP 
measurements

Carotid-femoral PWV (cfPWV) was available in 41 patients (80%) 
and AIx@HR75 measurements were available in 39 patients (76%). 
AIx@HR75, cfPWV, age, gender, BMI, height, weight, and oscillo-
metric BP level were all tested with simple- as well as multiple lin-
ear regression analysis for association with BP measurements with 
SomBP1 and SomBP2. Of the investigated variables, cfPWV, oscillo-
metric BP level and AIx@HR75 showed a significant association with 
PTT-based SBP measurements.

Simple linear regression coefficients for AIx@HR75 with daytime, 
nighttime, and 24-h mean SBP for SomBP1 were 1.04, 0.93 and 1.01 
(all P < .05), respectively, and for SomBP2 1.11, 1.07, and 1.09 (all 
P < .05), respectively. Simple linear regression coefficients for AIx@
HR75 and the difference in mean SBP between SomBP1 and OscBP 
for daytime, nighttime, and 24-h were 0.82, 0.78, and 0.80 (P = .053 
for nighttime SBP, otherwise P < .05 ), respectively, and between 

F I G U R E  2  Scatter diagram of SomBP1 and OscBP mean blood pressure values. (A) Daytime systolic. (B) Nighttime systolic. (C) Daytime 
diastolic. (D) Nighttime diastolic. r indicates Pearson's correlation coefficients. *** indicates P < .0001

(A) (B)

(C) (D)
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SomBP2 and OscBP 0.89, 0.92, and 0.89 (all P < .05), respectively. All 
significant associations remained statistically significant in multiple 
regression analysis adjusting for the above-mentioned covariates. 
Furthermore, in the multivariate analysis, the association between 
AIx@HR75 and the difference in nighttime SBP between SomBP1 
and OscBP became statistically significant (P = .017).

For cfPWV, simple linear regression coefficients for the associa-
tion with daytime, nighttime and 24-h mean SBP for SomBP1 were 
6.30, 6.58, and 6.37 (all P < .01), respectively, and for SomBP2 6.72, 
6.95, and 6.75 (all P < .01), respectively. However, when adjusted 
for covariates in the multivariate analysis, all associations became 
insignificant. Furthermore, in both simple and multiple regression 
analysis, cfPWV was unassociated with the differences in mean SBP 
between OscBP and the PTT device.

All of the above-described analyses were also carried out for 
DBP. In the multivariate analysis, DBPs measured with the PTT de-
vice were not associated with any of the covariates besides oscillo-
metric BP level. Furthermore, differences in DBP between the PTT 
device and OscBP were not associated with any of the covariates in 
the multivariate analysis.

4  |  DISCUSSION

In this study, the cuffless SOMNOtouch NIBP device gener-
ally estimated daytime, nighttime, and 24-h ambulatory BP to be 

considerably higher than measured with a thoroughly validated 
cuff-based oscillometric ABPM-device. This was the case for both 
the widely used Domino Light 1.4.0-software and for the updated 
1.5.0-software. While the BP of patient group as a whole dropped 
considerably during ABPM with the OscBP device, this was not the 
case for SomBP1 where BP was largely the same during both day-
time and nighttime. With SomBP2 nighttime and 24-h means were 
lower and thereby closer to the means of OscBP. Despite the signifi-
cantly lowered nighttime and 24-h means with SomBP2, our data do 
not suggest that accordance with OscBP on the patient level was 
better for SomBP2 than SomBP1 as the 95% limits of agreement for 
SBP were more than 35 mm Hg using both the original and adjusted 
software. Furthermore, the weak association between BP level and 
the difference in OscBP minus SomBP revealed in the Bland–Altman 
plots suggests that the accuracy of the PTT device compared to 
OscBP may be lower at very high and very low values. The device 
might therefore be most accurate at intermediate BP levels. In this 
study, however, we did not have enough patients at either BP ex-
treme to test this hypothesis properly.

Our findings with regards to SomBP1 are in accordance with the 
findings of the only previous study comparing the PTT device with 
an oscillometric device in adults for 24-h ABPM, by Krisai and col-
leagues.18 In their study, as in ours, daytime, nighttime, and 24-h BP 
were all significantly higher with SomBP1 compared with OscBP.18 
This previous study did, however, not include data on SomBP2 and 
no prior paper has been published on the accuracy of the Domino 

F I G U R E  3  Bland–Altman plots comparing mean BP values of SomBP1 and OscBP. (A) Daytime systolic. (B) Nighttime systolic. (C) 
Daytime diastolic. (D) Nighttime diastolic. r indicates Pearson's correlation coefficients. SD, Standard deviation. * indicates P < .05

(A) (B)

(C) (D)
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Light 1.5.0-software as compared to oscillometric measurement in 
24-h ABPM, despite the fact that this is currently the standard soft-
ware to be used with the SOMNOtouch NIBP device.

It has been found, that a nocturnal drop in BP as compared with 
daytime BP, that is, “BP dipping,” significantly reduces the risk of 
cerebrovascular27 and cardiovascular events.28-30 In the manufac-
turer's clinical compendium for the SOMNOtouch NIBP, it is stated 
that nocturnal BP dipping can be determined more reliably with the 
PTT device compared with an oscillometric device.31 The findings of 
our study do not support use of the PTT device for this purpose, as 
most dippers on the OscBP were non-dippers on both the SomBP1 
and SomBP2. The SomBP2 identified seven patients to be nocturnal 
dippers that were non-dippers on the OscBP. However, as all major 
studies on the prognostic importance of nocturnal BP dipping have 
been based on oscillometric BP measurements, the clinical and prog-
nostic importance of establishing a dipping pattern in patients who 
are non-dippers with an oscillometric device is unclear and is most 
likely not outweighed by the apparent underdiagnosing of nocturnal 
dipping in the patient group as a whole.

PTT is dependent on the pulse wave velocity in arteries which in 
turn, is dependent on the elasticity and the diameter of the arterial 
vessel as described by the Moens-Korteweg equation. The SomBP 
device uses a modified version of the Moens-Korteweg equation to 
calculate BP indirectly by a non-linear correlation between BP and 
PTT.31,32 Arterial elasticity may, however, be significantly affected 
by changes in sympathetic tone.33-35 Furthermore, changes in PTT 

may have a poorer correlation with BP in younger subjects than in 
older individuals because the arteries in young individuals are more 
flexible.36 As a consequence, the intra- and interindividual relation-
ship between PTT and BP may change over time depending on the 
activity level, sympathetic tone, and age of the individual. As the 
SomBP device is calibrated with a single resting BP, changes in phys-
iological conditions after calibration, for example, physical activity 
and sleep, may change the relationship between PTT and BP and 
thereby cause the estimation of the BP based on PTT to become 
less precise. Interestingly, neither age nor cfPWV, as markers of ar-
terial stiffness, were associated with SBP means gathered from the 
SomBP device in the multivariate analysis. The SOMNOtouch device 
measures PTT over only a small part of the aorta, that is, from the 
aortic valve to the origin of the subclavian artery, while the majority 
of the travel of the pulse wave from the heart to the finger is through 
muscular peripheral arteries. Any impact of aortic stiffness on the 
pulse wave may therefore be far outweighed by the PWV in the 
arteries of the upper extremities being different from cfPWV. This 
could explain why the SBP means on the SomBP was unassociated 
with cfPWV, in our adjusted model, but significantly associated with 
AIx@HR75 which is influenced by peripheral wave reflection.

Previous studies have found ABPM to cause significant discom-
fort37 and cuff inflation itself has been found to cause a significant re-
active increase in BP.38,39 As the results of our questionnaire showed, 
24-h ABPM using the PTT device is significantly more comfortable 
for the patient than the oscillometric device. As measurements were 

F I G U R E  4  Scatter diagram of SomBP2 and OscBP mean blood pressure values. (A) Daytime systolic. (B) Nighttime systolic. (C) Daytime 
diastolic. (D) Nighttime diastolic. r indicates Pearson's correlation coefficients. *** indicates P < .0001

(A) (B)

(C) (D)
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carried out with both devices mounted at the same time, we cannot 
on the basis of our findings clearly state whether patient sleep and 
nocturnal dipping would be significantly better if measurements were 
carried out with just SomBP. It does, however, not seem unreasonable 
to assume, as more than 50% of all patients found the OscBP device 
to cause significant discomfort. Despite the apparent shortcoming in 
BP measurement accuracy, the potential of the PTT device to limit the 
impact of the discomfort associated with BP measurement on sleep is 
therefore supported by the findings of this study.

5  |  CONCLUSION

The cuff-less PTT-based SOMNOtouch NIBP overcomes many of 
the practical limitations that are typically associated with cuff-based 
oscillometric 24-h ABPM. Our data do, however, reveal several limi-
tations of the PTT device when compared with a thoroughly vali-
dated oscillometric device. Firstly, agreement in measurement with 
the oscillometric device is low with wide 95% limits of agreement. 
Secondly, the PTT device consistently overestimates nighttime and 

F I G U R E  5  Bland–Altman plots comparing mean BP values of SomBP2 and OscBP. (A) Daytime systolic. (B) Nighttime systolic. (C) 
Daytime diastolic. (D) Nighttime diastolic. r indicates Pearson's correlation coefficients. SD, Standard deviation. * indicates P < .05. ** 
indicates P < .01

(A) (B)

(C) (D)

TA B L E  3  Positive and negative predictive values as well as Cohen kappa coefficient for diagnosing daytime and nighttime hypertension 
with SOMNOtouch NIBP™ using Domino Light software version 1.4.0 and version 1.5.0, using Spacelabs 90 217 measurements as the 
reference

Positive predictive value (%; CI 
95%)

Negative predictive value (%; CI 
95%)

Cohens kappa 
coefficient (CI 95%)

SomBP1

Daytime hypertension (mean 
BP > 135/85)

73.7 (56.9–86.6) 46.2 (19.2–74.9) 0.18 (−0.08–0.46)

Nighttime hypertension (mean 
BP > 120/70)

71.4 (56.7–83.4) 50.0 (1.3–98.7) 0.05 (−0.10–0.21)

SomBP2

Daytime hypertension (mean 
BP > 135/85)

75.0 (57.8–87.9) 46.7 (21.3–73.4) 0.21 (−0.06–0.49)

Nighttime hypertension (mean 
BP > 120/70)

75.6 (60.5–87.1) 66.7 (22.3–95.7) 0.26 (0.02–0.49)
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24-h BP means. Finally, detection of nocturnal dipping is low. These 
limitations also apply to the newest software. However, with the 
newest software, detection of dipping was improved, and SBP and 
DBP means were lower.
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