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Blood pressure (BP) is a vital sign routinely assessed in clinical practice and is a key 
determinant of cardiovascular disease risk. Accurate BP measurement is the most important 
factor in the diagnosis, treatment, and prognostic assessment of hypertension, a major 
global risk factor for disability and mortality. BP can vary significantly depending on the 
measurement environment, site, and clinical circumstances. Recent hypertension guidelines 
recommend using home BP measurement or ambulatory BP monitoring (ABPM) methods 
in addition to clinic BP measurements. Upper arm cuff BP device is widely used for the 
office, home, and ambulatory BP measurement in clinical practice, and is the reference for 
assessing novel BP measurement technologies.1)2) Despite its widespread use, cuff-based BP 
measurement has limitations. It offers only intermittent measurements and is prone to errors 
related to cuff size, shape, and positioning. These limitations can potentially impact the 
accuracy of BP readings, as cuff-based BP methods are unable to capture rapid and dynamic 
changes in response to daily challenges.

Recent developments in cuffless technologies, embedded in wearable devices and 
smartphones, aim to address these limitations.3) These innovations enable comfortable and 
continuous BP monitoring, avoiding cuff-related issues and providing detailed information 
on circadian patterns. Cuffless BP measurement technologies in wearable devices and 
smartphones have the potential to enhance hypertension awareness, enable self-monitoring, 
and improve treatment adherence.4) However, their widespread adoption is currently driven 
more by financial considerations than scientific validation.

The study conducted by Lee et al.5) published in the current issue of the Korean Circulation Journal 
demonstrated that CART-I Plus, a ring-type cuffless BP monitoring device, exhibits promising 
accuracy in estimating BP measurements across various time periods when compared to 
traditional 24-hour ABPM. Moreover, the CART-I Plus demonstrated improved accuracy and 
strong correlations with ABPM readings when compared to wrist-worn cuffless BP devices and 
photoplethysmogram (PPG)-based smartwatches used in previous studies. The device also 
showed a perfect area under the curve of 1 in receiver operating characteristic analysis for both 
systolic BP and 24-hour BP measurements.5) These findings suggest that the CART-I Plus has 
significant potential for continuous BP monitoring in clinical practice, offering a user-friendly 
and potentially transformative approach to hypertension management.
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However, before recommending these devices for clinical use, fundamental questions 
regarding their accuracy, performance, and implementation need to be addressed. This 
is particularly important for cuffless devices, which require different validation protocols 
than classic cuff-based BP monitors. The Association for the Advancement of Medical 
Instrumentation/European Society of Hypertension (ESH)/International Organization for 
Standardization (ISO) Universal Standard (ISO 81060-2:2018),6) the established validation 
protocol for cuff-based BP devices, is considered unsuitable for the validation of cuffless 
devices. This is due to the need for individual user calibration, measurement of intra-
personal BP changes and the presence of unique features. Therefore, more sophisticated 
validation procedures are necessary, including addressing issues related to individual cuff 
calibration, post-calibration measurement stability, the capability to track BP changes, and 
the integration of machine learning technology.7) Currently, there are no generally accepted 
protocols for validating cuffless BP measuring devices to ensure adequate accuracy for 
clinical use. The ESH Working Group on BP Monitoring and Cardiovascular Variability 
has recently recommended procedures for validating intermittent cuffless BP devices. The 
ESH recommends six validation tests for cuffless BP devices. These include the static test 
for absolute BP accuracy, device position test for hydrostatic pressure effect robustness, 
treatment test for BP decrease accuracy, awake/asleep test for BP change accuracy, exercise 
test for BP increase accuracy, and recalibration test for cuff calibration stability over time. 
Successful completion of all required tests is necessary for clinical recommendation of a 
cuffless BP device according to its type.8) The aforementioned study presented the results of 
the awake/asleep test, one of the six tests recommended by the ESH. Although the sample 
did not reach the computed size of 35 in the validation protocol and BP distribution was not 
specified in detail, the results from 33 participants were satisfactory and were able to meet 
the test criteria, which requires a mean difference of ≤5 mmHg and standard deviation of ≤8 
mmHg in the awake-asleep systolic BP/diastolic BP change between the test and reference 
devices, and a correlation coefficient of ≥0.70 in the awake-asleep BP changes (for both 
systolic and diastolic BPs) between the test device and a validated oscillometric upper arm 
cuff device as reference. The results suggest that CART-I Plus can accurately track awake/
asleep BP changes. However, according to the ESH recommendations, further validation tests 
are required for the use of CART-I Plus in the evaluation and management of hypertension 
due to its requirement for individual user cuff calibration.

In the study by Lee et al.,5) it was noted that simultaneous BP measurements via ABPM 
and CART-I Plus worn on the same arm were not possible. CART-I Plus is classified as 
an intermittent device according to the ESH validation recommendation for cuffless 
devices.8) The test data from CART-I Plus were averaged readings from a 15-minute time 
window around the ABPM readings. Another recent study investigated the potential of a 
PPG-based, cuffless, watch-like device for 24-hour ABPM compared to the conventional 
oscillometric brachial cuff, with a test data window limited to 20 seconds around ambulatory 
BP measurements.9) The width of the time window could be an important factor in the 
error between test and reference values, for which there is no specific recommendation. 
Theoretically, as the test readings are taken at a separate time from the ABPM time point, the 
test readings should be different from the reference readings, not because of the accuracy of 
the device, but because of the intrinsic changes in BP. On the condition that the test readings 
close to the ABPM time point are accurate, the other test readings of the CART-I Plus could 
reflect real features of the individual’s BP that cannot be detected by ABPM measured at 
20-minute intervals.
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Cuffless BP monitoring has the potential to optimally estimate the true burden of 
hypertension over time. This can be achieved by offering a comprehensive evaluation of 
BP levels and behavior throughout various daily circumstances and extended durations, 
requiring minimal user intervention and avoiding discomfort associated with cuff inflation. 
Therefore, cuffless BP devices have considerable potential to transform the diagnosis and 
management of hypertension. This study provides valuable information about the accuracy 
and potential clinical implications of the CART-I Plus device, paving the way for further 
research and development in the field of cuffless BP monitoring technology.
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