
Introduction 
Monitoring of vital signs, including pulse oxime-

try, is the foundation of the diagnostic process in 
the intensive care unit (ICU). The search for more 
advanced monitoring methods enables moderniza-
tion and adaptation of treatment strategies, as well 
as shorter hospital stays and improved patient quality 
of life [1]. The timeliness of medical care depends 
largely on the reliability of medical equipment.  

Pulse oximetry is a method of assessing arterial 
blood oxygen saturation (SpO₂) using photoplethys-
mography (PPG), which measures the increase in 
light absorption caused by an increase in arterial 
blood volume during myocardial systole [2]. Pulse 
oximetry is one of the most commonly used methods 
for continuous monitoring of vital signs in the ICU 
because of its ease of use and high data accuracy. 
Although some aspects of pulse oximeter perform-
ance can be evaluated using simulation, the pulse 
oximetry process involves numerous physical and 

optical interactions (light absorption by tissues, ve-
nous blood, etc.), so the pulse oximeter is classified 
as a device that requires empirical clinical studies 
for development, calibration, and validation [3, 4]. 

While preparing a protocol for clinical validation 
and testing of a new model of the Russian pulse 
oximeter «Sensorex», developed by the Ural Optical 
and Mechanical Company named after E. S. Yalamov, 
our Laboratory of Industrial Design and Re-engi-
neering of Medical Equipment (LIDRME) faced the 
challenge of finding a methodology suitable for 
evaluating and comparing the performance of pulse 
oximetry devices in neonatal care in the Russian-
language literature. Such a methodology was needed 
to list the advantages and shortcomings of a tested 
device in an understandable way. 

As a result, it was decided to conduct an ex-
ploratory clinical trial to develop a methodology 
for future studies. The study determined basic pa-
rameters such as: 
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Summary 
While evaluating a new domestically produced pulse oximeter model in clinical practice, we discovered a 

lack of references in Russian-language publications on clinical trial methodologies to assess device reliability 
and performance. 

The aim of the study is to create a methodology for conducting a multicenter, prospective, cohort, non-
randomized, controlled clinical trial evaluating a domestic pulse oximeter. 

Methods. Measurements were performed on 20 preterm infants in the neonatal intensive care unit with a 
mean birth weight of 2340 [1250; 3125] g and a gestational age of 35 [30; 37] weeks using a new model pulse 
oximeter simultaneously with the reference monitor. Multiple oxygen saturation measurements of varying du-
ration were taken alternately from the upper and lower limbs, and the number of false desaturation alarms 
was recorded. Pulse oximeter saturation data were evaluated for correlation with clinical findings. 

Results. Attachment of sensors to the infant's feet was found to be optimal in terms of ease of use, minimal 
artifact generation, and minimal interference with routine medical procedures and neonatal care. To reduce 
motion-induced artifacts and false alarms, the optimal period of SpO₂ monitoring to detect desaturations and 
bradycardia was determined to be 120 min. Due to the high variability of pulse rate (PR) and saturation in 
neonates, two-second intervals were determined to be optimal for comparing records from the two monitors. 
Matching of ECG HR and pulse oximeter PR was required to eliminate artifacts. A mathematical software model 
required for accelerated analysis of data collected from all sensors during the study was approved. 

Conclusion. The data analysis supported the proposed methodology for conducting a clinical trial to eval-
uate the performance and reliability of new pulse oximetry devices. 
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1. The scheme for connecting the control and 
tested pulse oximetry devices to the patient 

2. The duration of each episode in the meas-
urement 

3. Recorded parameters 
4. Automated workstation (AWS) scheme.  
After reviewing the literature, we decided to 

use the Masimo SET® pulse oximetry monitor as 
the reference monitor. This decision was supported 
by the available studies, which provided compelling 
evidence of the clinical effectiveness advantage of 
this algorithm. 

In one study, Masimo SET® pulse oximetry de-
tected 86% fewer false alarms of SpO₂ and heart 
rate in neonates and detected more true episodes 
of hypoxia and bradycardia than pulse oximetry 
monitors with other algorithms (Nellcor N-200, 
Nellcor N-395, Novametrix MARS, Philips Viridia 
24C). [5]. Because neonatal ICU patients typically 
have active limb movements, it was critical to main-
tain pulse oximetry accuracy during motor activity. 
Laboratory testing of pulse oximetry accuracy during 
active patient arm movement showed that the Masi-
mo SET® pulse oximeter outperformed 20 other 
devices tested, including the Agilent Viridia 24C, 
Agilent CMS, Datex-Ohmeda 3740, Nellcor N-395, 
Criticare 5040, and others [6].  

In addition, pulse oximetry using the Masimo 
SET® algorithm resulted in significantly faster ac-
quisition of a steady signal after the sensor was 
placed on the body in neonates requiring resuscitation. 
Comparing Radical-7 (Masimo) and Biox 3700, the 
mean time to a stable reading was 20.2±7 and 74.2±12 
seconds, respectively (P=0.02). When comparing 
Radical-7 and Nellcor N-395, the time to stable meas-
urements from the start of monitoring was 20.9±4 
and 67.3±12 seconds, respectively (P=0.03) [7]. 

Recent studies of the characteristics of pulse 
oximetry during extremity motion have shown a 
continuing trend of decreasing accuracy of data 
acquisition [8, 9]. Several studies have shown that 
virtually all pulse oximeters studied during movement 
tests showed an increase in mean square error to 
values above the recommended threshold of 3% [8, 
9]. In this context, we also decided to match the 
episodes of sensor measurements to the clinical 
presentation, since the use of even a reference pulse 
oximetry monitor could lead to measurement errors 
in the presence of increased motor activity.  

The growing need to create a consortium of 
domestic medical equipment manufacturers to re-
place foreign equipment that is difficult to import 
due to sanctions or disruptions in logistics chains [10] 
is of strategic importance and requires the devel-
opment of validated testing methods. This will allow 
medical organizations to optimize their supply of 
equipment, as well as identify defects and flaws in 
tested equipment more quickly.  

Aim of the study was to develop the method-
ology of the upcoming clinical study under the 
R&D program «Clinical testing of Sensorex pulse 
oximeter and developing algorithms for newborns».  

The objectives of the study were: 
• to determine the patient population ac-

cording to the inclusion and exclusion criteria; 
• to obtain informed consent from each pa-

tient's legal representative to test a new medical 
device (Sensorex pulse oximeter); 

• to evaluate the safety of the Sensorex pulse 
oximeter during a single 180-minute test measure-
ment; 

• to perform a series of measurements with 
the Sensorex pulse oximeter; 

• to determine the parameters necessary for 
measurement in a full-scale, multicenter clinical trial; 

• to determine the optimal connection scheme 
of the pulse oximetry sensors of the Sensorex device 
under study and the reference control monitor; 

• to determine the optimal duration of meas-
urements; 

• to design the automated workstation based 
on the data obtained;  

• to formulate technical specifications for 
the development of software to process the array of 
data obtained. 

Materials and Methods 
This article is a publication of the study pro-

tocol. 
Study design. Prospective, cohort, non-ran-

domized, controlled study.  
Allocation of patients to groups. Study (main) 

group. There was no control group. 
Inclusion criteria. Neonatal intensive care unit 

patients (newborns). 
Exclusion criteria.  
• Participation in the study would interfere 

with diagnostic and therapeutic measures or routine 
patient care. 

• Refusal of the legal representative of the 
child to participate in the clinical trial.  

Location and period of the study. Ekaterinburg 
Perinatal Clinical Center from 01.10.2023 to 
30.10.2023. 

Study participants. Intensive care physicians 
of the neonatal intensive care unit. 

General study principles. During the study, 
measurements were made using a Sensorex heart 
rate monitor and a reference monitor with a built-
in Masimo SET® algorithm that is used daily in the 
newborn intensive care unit (NICU).  

In the NICU, patients received routine interval 
care every three hours, which included repositioning, 
feeding and hygiene procedures. These activities 
took 30 to 50 minutes. We chose a study time of no 
more than 120 minutes between care procedures, 
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which has been shown in practice to influence the 
number of artifacts in pulse oximetry and thus the 
accuracy of the results obtained.  

Transmission-type pulse oximetry sensors 
(control and study monitor) were placed on the 
child's extremities. 

The start time of the study was confirmed using 
the control and study monitors. Values were manually 
recorded on a trend chart every 10 seconds. 

At the end of the study, the investigator man-
ually transferred each patient's data from the trend 
chart to an Excel spreadsheet. The time interval for 
data recording was set to 10 seconds.  

If episodes of SpO₂ reduction of less than 85% 
and episodes of more than 20 min-1 difference be-
tween the device heart rate readings were recorded 
within the specified intervals, the clinical concor-
dance of heart rate (HR) and SpO₂ reduction was 
recorded by marking «+» for concordance and «–» 
for discordance on the trend chart. 

Depending on the study group, the extremities 
for the pulse oximetry sensors were changed at the 
specified interval. 

If treatment interference occurred, the study 
was stopped early and not marked as completed.  

The study was divided into three phases: de-
termining the best location for the sensors on the 
patient, the best time to perform the study, and the 
use of the reference ECG channel. 

Statistical analysis. The study materials were 
analyzed using both parametric and nonparametric 
analysis methods. The original data were collected, 
corrected, and organized, and the results were vi-
sualized using the developed trend chart and Mi-
crosoft Office Excel 2016 software. IBM SPSS Statistics 
v.26 software (developed by IBM Corporation) was 
used for statistical analysis. The Kolmogorov-Smirnov 
test was used to determine the normality of the 
distribution of quantitative parameters. The distri-
bution of most parameters was not normal. Nu-
merical parameters were described by median (Me) 
and lower and upper quartiles [Q1; Q3]. Categorical 
data were described by absolute values and per-
centages. The Mann–Whitney U test was used to 
compare the different conditions. Pearson's χ² test 
was used to compare categorical data. When ana-
lyzing four-way tables with an expected phenomenon 
and a value in at least one cell less than 10, the 
χ²test was calculated using Yates' correction. A two-
tailed value of P�0.05 was used to determine the 
statistical significance of differences. 

Results  

The study yielded a total sample of patients 
distributed over several phases (total N=20). The 
median body weight was 2340 [1250; 3125] g, the 
median gestational age was 35 [30; 37] weeks, and 
the median number of days after birth was 4 [2; 5].  

Phase 1: Determination of optimal sensor 
placement on the patient. Two-hour measurements 
were performed on four patients. 

During the first hour of the measurement, the 
pulse oximeter sensors were placed on the feet, and 
30 minutes after the start of pulse oximetry, the 
location of the sensors was changed from one foot to 
the other. Sixty minutes after the start of the meas-
urement, the sensors were moved to the wrists, and 
after 30 minutes, the sensors were moved to a different 
wrist. A total of 16 measurements of 30  min each 
were performed — 8 on the feet and 8 on the wrists.  

The target parameter of the first phase of the 
study was the ratio of the number of measurements 
with artifacts (false bradycardia and hypoxemia in 
the absence of clinical manifestations) to the number 
of measurements without artifacts, and the corre-
lation between this ratio and the location of the 
sensor (wrist or foot).  

During the 30-minute foot and wrist meas-
urements, the number of measurement with artifacts 
differed significantly for both the Sensorex pulse 
oximeter (7 vs. 3, P=0.039) and the reference monitor 
(6 vs. 2, P=0.046), as did the total number of artifacts 
for the two pulse oximetry monitors (13 vs. 5, 
P=0.005). The results are shown in Table 1. 

Phase 2: Determination of the optimal study 
period. Before the study, the patients were divided 
into 3 subgroups according to the planned study 
time: 

1. Subgroup with total study time of 30 min-
utes, with limb change after 15 minutes (5 patients); 

2. Subgroup with total study time of 60 min-
utes, with limb change after 30 minutes (5 patients); 

3. Subgroup with total study time of 120 min-
utes, with limb change after 60 minutes (5 sub-
jects). 

The target parameter of the second phase of 
the study was the number of patients who did not 
have any episodes of deviation from reference values 
during the study period.  

Thus, in the 30-minute subgroup of the study, 
3 (60%) patients had no abnormal episodes, and in 
the 60-minute subgroup of the study, 2 (40%) patients 

Table 1. Comparative analysis of the number of measurements with artifact when pulse oximetry was performed 
at the wrists of the hands and feet for 30 minutes. 
Monitor                                                                                  Number of measurements with artifacts                                                         P-value 
                                                                                              Wrists                                                                        Feet                                                                
Sensorex, N=8                                                                 7                                                                            3                                                        0.039* 
Reference, N=8                                                                6                                                                            2                                                        0.046* 
Total, N=16                                                                      13                                                                           5                                                        0.005* 
 Note. Here and in the Table 3: * — significant differences. 
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had no abnormal episodes. In the 120-minute sub-
group, at least one abnormal episode was observed 
in every patient.  

The results are presented in Table 2. 
Phase 3: Use of Reference Electrocardiographic 

Channel. In Phase 3 of the study, the quality of the 
reference pulse oximeter signal was evaluated by 
the correspondence of the pulse oximeter pulse 
values to the electrocardiography (ECG) sensor 
heart rate values, rather than by clinical presentation 
to the observer's judgment. The signal from the 
reference monitor's pulse oximeter sensor was con-
sidered true if the pulse rate matched the heart 
rate from the ECG sensors (a difference of no more 
than 20 min-1).  

The frequency of true episodes of hypoxemia 
and bradycardia recorded by the pulse oximeters 
(when the pulse rate matched the data from the 
ECG sensors) was compared with the mean number 
of episodes of hypoxemia and bradycardia obtained 
from the pulse oximeters that the observers con-
sidered consistent with the clinical presentation in 
studies without ECG sensors (Phase 2). The results 
are presented in Table 3. 

Discussion 
Phase 1 of the study. From a clinical point of 

view, it is preferable to measure capillary blood sat-
uration on the right arm, taking into account the 
need to determine preductal oxygenation in new-
borns (with a functioning patent ductus arteriosus, 
blood saturation values on the right and left arms 
may differ) [12], including pulse oximetry in the 
delivery room according to the Methodological 
Letter of the Ministry of Health of Russia «Resusci-
tation and Stabilization of Newborns in the Delivery 
Room» dated March 4, 2020 [13], as well as screening 
examination of all newborns before discharge from 
the maternity hospital for congenital heart dis-
ease  [14, 15]. Meanwhile, differences in pre- and 
post-ductal saturation at the right and left wrists 
for physiological reasons may bias the results of 
the data analysis of the target study. In addition, 
the study procedure should not interfere with routine 
and unscheduled medical procedures and child 
care activities. For example, systemic blood pressure 
is measured at least once every 3 hours, primarily 
in the upper extremities, which will affect the pulse 
oximeter readings when the sensor is placed on the 
wrist and reduce the power of the study. 

During the study, fewer artifacts were detected 
on the feet, in part due to more intense motor 

activity of the upper extremities. Therefore, the feet 
were determined to be the optimal location for the 
sensors during the study in terms of reducing the 
impact on the neonate's medical care and reducing 
the frequency of artifacts.  

Phase 2 of the study. A total measurement 
time of 2 hours is optimal for assessing the clinical 
performance of the pulse oximeter in an individual 
patient. A shorter measurement period increases 
the risk of missing episodes of abnormalities and 
measurement errors. Prolonged placement of the 
pulse oximeter sensor on the limb increases the 
likelihood of adverse effects on the child's skin 
(compression, pressure sores) without a significant 
increase in information value [16]. Also, if the du-
ration of measurement is increased, the influence 
of therapeutic and hygienic measures performed 
every 3 hours on the recorded events is inevitable. 
Thus, the maximum possible duration of measure-
ment while minimizing the impact on treatment is 
120 minutes. 

Phase 3 of the study. The next step was to 
manually enter the data into a spreadsheet for 
further processing. When comparing the parameters 
of the study and reference pulse oximeters, the lack 
of a mechanism to control false values and the re-
duced accuracy of the signal from the reference 
pulse oximeter became significant.  

In addition, determining whether pulse oximetry 
data correspond to the clinical presentation to detect 
erroneous values is not always a reliable method in 
neonates, since episodes of moderate SpO₂ reduction 
(up to 80–85%) may occur without significant changes 
in the patient's clinical condition [13]. 

Heart rate data obtained from ECG sensor 
readings can be an effective criterion for determining 
study objectives and serve as a reference channel 
for comparison and analysis.  

Summary of the three phases of the study. 
During the study it became obvious that the input 
of large amounts of numerical data significantly 
prolongs the study time, introduces a certain number 
of misprints and errors, which negatively affects 
the reliability of the calculated parameters. It is 

Table 2. Matching the number of patients without 
episodes of pulse oximetry abnormalities to the dura-
tion of the study. 
Study subgroup                                        Patients without 
                                                                      abnormalities, N (%) 
30 minutes, N=5                                                 3 (60) 
60 minutes, N=5                                                 2 (40) 
120 minutes, N=5                                               0 (0) 
 

Table 3. Frequency of events considered true with and without ECG sensors. 
Study phase                                                                                              Number of episodes of hypoxemia and bradycardia                         P-value 
                                                                                                                        Based on oximetry, N                                   Recorded, N (%)                 
2. Clinical, without ECG sensors, N=5                                                         47                                                             16 (34)                               0.029* 
3. Based on ECG, N=1                                                                                          9                                                              6 (62.5) 
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technically possible to record parameters manually 
no more often than once every 10 seconds. In order 
to reduce the influence of the human factor on the 
results, we decided to develop a special software 
that allows to extract and process the trend data of 
the tested monitors. 

Comparison of monitor data with the frequency 
of their recording every 10 seconds is not very 
meaningful because episodes of significant variation 
in heart rate and SpO₂ may occur in a shorter time 
interval and the fact of their recording is critical to 
determining the clinical effectiveness of the pulse 
oximeter. 

As a result, the recommended time interval 
for trend recording was 2 seconds, which is the 
minimum possible time for averaging the values of 
the two monitors used in the study.  

It is impossible to perform the study with a 
sufficient level of accuracy and statistical significance 
while observing the limitation of the interval of 
recording parameters to 2 seconds manually. There-
fore, it is necessary to develop specialized software 
capable of extracting, recording and processing 
data from the tested monitors. 

Simultaneous connection of pulse oximetry 
sensors of the control and the tested device is 
critical for comparing their performance and clinical 
effectiveness. 

We decided to use the ECG sensors of the con-
trol monitor as a reference for additional control of 
the accuracy of the signal received from the pulse 
oximetry sensors and to exclude episodes of unre-
liable data recording due to sensor displacement 
on the patient's foot. 

Based on the obtained data, we developed an 
automated workstation (AWS) scheme. 

We determined the data necessary for statistical 
analysis, developed schemes and algorithms for 
evaluation of four main target parameters for the 
upcoming clinical trial, which include: 

• frequency and duration of episodes of false 
bradycardia and tachycardia (deviation of heart 
rate according to pulse oximetry sensor data by 
�25 min-1 from ECG sensor readings); 

• frequency and duration of episodes of false 
hypoxemia (decrease in SpO₂ below 85%, not cor-
related with reference monitor readings); 

• frequency and duration of episodes of true 
bradycardia (according to ECG monitor data), ac-
curacy of pulse oximeter trend correspondence 
with ECG monitor data; 

• frequency and duration of true hypoxemia 
episodes (SpO₂ drops below 85%, correlated with 
reference monitor readings).  

Based on the obtained results, we prepared 
technical specifications for the development of an-
alytical software for processing trends obtained 
from the tested and reference monitors. 

Safety assessment. Transcutaneous pulse 
oximetry is a standard, noninvasive and safe 
method of monitoring vital signs. The devices 
were used in accordance with the instructions for 
use regarding safety measures (3601.00000000 RE) 
and on the basis of the technical characteristics. 
No complications or adverse effects of pulse oxime-
try with the Sensorex device on the patient's body 
were observed. 

Study limitations. A limitation of the study is 
the lack of sample size calculation.  

Conclusion 
During the exploratory study, we formulated 

the principles and methodology for conducting a 
full-scale multicenter clinical trial of a new model of 
pulse oximetry device and pulse oximetry algorithm.  

In this case, as a result of the forthcoming study, 
the performance of the device will be expressed in 
clear numerical values, and the obtained data will 
help to formulate a set of proposals for improving the 
device and algorithm of pulse oximetry in newborns.
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