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Abstract

Objective: To assess the agreement between oxygen saturation reading between portable pulse
oximeter and conventional ICU monitor pulse oximeter.

Methods: This cross-sectional study was conducted at Department of Medicine, Fatima Hospital
Baqai Medical University, Karachi, from 15t March 2023 to 31t March 2023. Participants in the study in-
cluded healthy health care workers and medical students who were over the age of 18 and did not
have any known co-morbid conditions like hypertension or diabetes that may affect peripheral perfu-
sion. None of the participants had hypotension, clinical evidence of anemia, fingernail paint or poor
peripheral perfusion as these are the factors that may influence pulse oximetry readings. Both the
portable pulse oximeter and the traditional intensive care unit (ICU) monitors were utilized to take and
record the oxygen saturation levels of each of the ten fingers in a sequential manner while the patient
was seated. Data was analyzed using SPSS version 22. Readings of both instruments were com-
pared employing Regression analysis. Bland-Altman analysis was applied to measure the level of
agreement between readings of portable pulse oximeter and conventional ICU monitors.

Results: Total 200 participants were enrolled for this study and most of them were from younger age
group. (Mean age of participants = 33.05 £ 10.31). There was no significant difference between oxy-
gen saturation readings of respective finger from portable pulse oximeter and conventional ICU moni-
tors on regression analysis (p > 0.05). Highest mean oxygen saturation was recorded in right middle
finger using portable pulse oximeter (98.71 + 1.21). On the ICU monitor pulse oximeter, it was 2nd
highest in right middle finger (98.33 + 2.49). Therefore, Bold-Altman analysis applied between oxygen
saturation reading for two devices in right middle finger and was found to be comparable. (Mean dif-
ference (bias) = 0.375 with 95% confidence interval).

Conclusion: Modern portable pulse oximeters can reliably be used to rule out hypoxemia.
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Introduction

In recent times, portable pulse oximetry has
become an essential instrument in the realm of
contemporary patient care, especially during the
post-COVID era. This technique offers a cost-effec-
tive means of assessing the oxygenation status of
patients. It is non-invasive, safe, and user-friendly.
pulse oximeters function on the principle that oxy-
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oxygenated and deoxygenated blood absorb differ-
ent spectra of light'. Noninvasive measurement of
oxygen saturation was started by Glenn Allen
Millikan during World War Il for measuring oxygen
saturation of pilots flying at high altitude. He named
his instrument “oximeter” which was based on Beer-
Lambert’'s Law and was being attached to ear lobe.
Even this “oximeter” and the one developed by
Hewlett Packard in 1970 for clinical purpose in-
volved heating of ear lobe. Credit goes to Takuo
Aoyagi who developed a device for noninvasive mea-
surement of oxygen saturation for clinical purposes
which can truly be named as pulse oximeter. It was
based on difference in absorption spectra of light,
the principle for current modern pulse oximeters?.
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It is observed that a decline in oxygen satura-
tion happens even before the onset of the typical
clinical signs of respiratory distress. Monitoring the
oxygen saturation of patients admitted to the critical
care unit is a routine practice or procedure. It
timely detects episodic hypoxemia. However, in or-
der to get accurate readings from a pulse oximeter,
the correct procedure needs to be followed. The
pulse oximetry readings can be influenced by vari-
ous factors, including the patient’'s movement, the
pigmentation of their skin, and their peripheral per-
fusion status®. Oxygen saturation measurements
are also the part of pre and post operative protocols
of surgical patients. This leads to improved clinical
outcomes as well as patient safety. The World
Health Organization (WHO) surgical safety check-
list includes pulse oximeters as an essential piece
of equipment*. In 2021, the National Health program
(NHS) of England launched the COVID oximetry
@home (CO@h) program. Every COVID positive pa-
tient was provided with a portable pulse oximeter to
enable them to monitor their oxygen saturation lev-
els from their own homes comfortably. The goal of
this initiative was to reduce unnecessary visits to
the hospital and ensure prompt admission of criti-
cally ill patients. The implementation of this service
resulted in a 4% decrease in death rates®.

Employing pulse oximetry decreases the need
for arterial blood gas analysis, hence leading to a
decrease in the overall cost of medical care. Sev-
eral investigations have been undertaken to validate
the concordance between the findings of arterial
blood gas analysis and pulse oximetry. Monitoring
of oxygen saturation at home is needed in certain
conditions, especially chronic respiratory disorders.
During COVID epidemic, the significance of domi-
ciliary pulse oximetry has grown significantly. This
can be achieved by utilizing a simple and portable
pulse oximeterS. These pulse oximeters are not
only cost-effective, but they are also portable, user-
friendly, and lightweight, rendering them suitable for
transportation and usage. These portable pulse
oximeters can be quite helpful in low resources set-
tings and makeshift arrangements made during a
catastrophe, where apart from financial constraints,

clinicians face shortage of trained support staff.
These pulse oximeters are manufactured and mar-
keted by different companies. Studies found that
there is no significant difference in pulse oximetry
readings of different pulse oximeters’.

Clinicians are usually concerned about authen-
ticity of portable devices. Although these devices
undergo a standardization process before to being
marketed, it has been observed that there is fre-
quently a level of discrepancy in the results or
readings in real clinical scenarios®. With this back-
ground, we conducted this study to compare the
oxygen saturation values obtained from conventional
and portable fingertip pulse oximeters. This will not
only add further data to existing studies but may
give confidence to healthcare professionals to take
clinical decisions on basis of readings of these por-
table devices.

Methodology

This cross-sectional study was conducted in
the Department of Medicine, Fatima hospital, Baqai
Medical University, Karachi. The data was collected
between the periods of March 1st and March 31st,
2023. The study participants were healthy health
care professionals and medical students who were
over the age of 18-years and volunteered to partici-
pate in study. The study excluded individuals who
engaged in tobacco smoking, were pregnant or ex-
periencing active menstrual bleeding, had radial or
ulnar failure, hypotension, bradycardia, clinical ane-
mia, fingernail paint (nail polish) on their nails, a
history of hypertension, or diabetes. The ethics
committee, in a letter with the reference number
EC/01-2023, granted approval to the proposed
study.

The open-source statistical tool G*Power
3.1.9.7° was utilized to determine the minimum
sample size required for acceptability. Based on a
statistical power of 80% and a significance level of
5%, it was decided that a total sample size of 200
is adequate.

All the volunteer participants gave written con-
sent before inclusion in study. All information was
gathered in a single sitting from all patients. Data

05

Annals Abbasi Shaheed Hospital & Karachi Medical & Dental College



Comparison between Portable Pulse Oximeter and Conventional ICU Pulse Oximeter Measurements in Healthy Adults: A Cross

Sectional Study

on general characteristics (variables), such as age,
gender, and underlying medical conditions, was col-
lected using a self-reporting questionnaire. An ex-
perienced staff member measured blood pressure
using conventional blood pressure apparatus. Blood
pressure was measured after confirming that the
patient had been resting for ten minutes and had
not taken caffeine during the last thirty minutes.
The same staff member recorded the subject’s
measurements for height, weight, and temperature.
A postgraduate trainee in the Medicine Department
assessed the participants’ pulses and examined for
general indicators such as anemia, cyanosis, and
nail conditions to exclude persons who did not
meet the qualifications for the study. The same
postgraduate trainee was tasked with documenting
the oxygen saturation levels of the subjects. We
used a portable pulse oximeter produced by Certiza
Germany, model No: PO-907, due to its easy avail-
ability in Pakistan, even online platforms, and the
manufacturer’s claim of its reliability in meeting cer-
tification standards. The authors bought the instru-
ment at their own source. Medex, USA Smartview
ECO 12B ICU monitor, already installed at Emer-
gency Department, Fatima Hospital, Baqai Medical
University, was used for the measurement of oxy-
gen saturation and was compared with readings of
portable pulse oximeter. The postgraduate trainees
tested the participant’s oxygen saturation while
they were seated and had rested for atleast five
minutes. Portable pulse oximeter and ICU monitor
were separately connected to each finger, one by
one, for a duration of one minute, so that we could
have stable reading.

SPSS version 22 was used to analyze the
data. Proportions and frequencies were employed to
describe categorical variables, such as sex. The
normality of continuous variables was assessed us-
ing the Shapiro-Wilk test. The data, which exhibited
a normal distribution, was presented as meant
standard deviation. Regression analysis was con-
ducted to assess the presence of a statistically
significant difference in the oxygen saturation read-
ings of all the fingers recorded by two different in-
struments. In order to measure the level of agreem-

ent between the findings acquired from portable and
standard ICU pulse oximeters, Bland-Altman analy-
sis was employed. Bold and Altman have defined
bias and precision estimates as the standard re-
ported statistic for evaluating the agreement be-
tween a novel or lesser-known measurement
technique and an existing one. Both measurement
methods can be used interchangeably when the
predetermined boundaries of agreement are small
(the 95% limits of agreement are set as bias plus
or minus 1.96 standard deviations) and when the
clinical importance of the data is not significant. For
this study, we decided that an oxygen saturation
level difference below 2% had minimal or no clinical
significance.

Results

The oxygen saturation values of a group of
two hundred participants were recorded. Table 1
displays the overall traits of the individuals who
took part in the study. All participants were from
younger age groups. The mean age of all partici-
pants was 33.05 + 10.31 years. 145 participants
were male and 55 were female (male to female ra-
tio 2.63:1). The study population had a relatively
higher mean body mass index (BMI) of 26.36+4.22
kg/m?, despite the absence of any known
comorbidities among the participants. This alarms
us about our new endemic.

Table1. Demographic and Clinical Characteristic of Study
Population

Parameter(variable) Mean * SD
Age (years) 33.05 + 10.31
Height (m) 1.59 +0.09
Weight (Kg) 67.19 £ 11.25
BMI (kg/m?) 26.36 £ 4.22
Systolic blood pressure (mmHg) 117.83 £ 11.24
Diastolic blood pressure (mmHg) 76.91 £ 7.99
Heart rate (beats/minute) 80.07 + 10.58
Body temperature (OF) 97.98 £ 0.29

Mean oxygen saturation in all the ten fingers
is shown in table 2. Highest mean oxygen satura-
tion (%) was shown in right middle finger while us-
ing portable pulse oximeter (98.71 = 1.21). A
plausible rationale for this is that all individuals who
took part in our study were right-handed. On the
other hand, while using conventional ICU pulse
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oximeter, the highest level of oxygen saturation (%)
was observed in the left thumb (98.59 + 0.94), with
the right middle finger following closely after (98.33
+ 2.49). It is important to note that the difference of
mean oxygen saturation in all the ten fingers was
minimal (table 2). No significant statistical differ-
ence (p<0.05) was identified between mean oxygen
saturation values recorded by portable and

conventional pulse oximeter on regression analysis.
Readings of left thumb showed some degree of sta-
tistical difference (p= 0.052). Left little finger read-
ings also showed comparatively higher difference
between portable and conventional pulse oximeter
readings (1.45 vs < 1 in all other fingers). This sug-
gests that hand dominance and the specific finger
used for pulse oximetry may have an impact on the
procedure.

Table 2. Comparison of oxygen saturation readings between portable and conventional ICU pulse oximeters

Finger Oxygen Saturation Oxygen Mean Difference P value

(%) in Portable Saturation (%) between oxygen

Pulse Oximeter in Conventional saturation (%) by

ICU Pulse Oximeter two instruments
Right Thumb 98.28 + 1.07 98.36 £ 2.75 -0.08 0.359
Right Index Finger 98.46 £ 1.18 98.43 £ 2.93 0.03 0.222
Right Middle Finger 98.71 £ 1.21 98.52 £ 2.40 0.18 0.394
Right Ring Finger 98.26 £ 1.19 98.33 £ 2.49 -0.07 0.108
Right Little Finger 98.03 £ 1.28 98.25 £ 1.12 -0.22 0.080
Left Thumb 98.53 £ 1.19 98.59 + 0.94 -0.06 0.052
Left Index Finger 98.14 + 1.08 98.19 £ 2.95 -0.05 0.670
Left Middle Finger 98.25 £ 1.31 98.09 + 2.64 0.16 0.359
Left Ring Finger 98.36 £ 1.10 98.12 £ 2.61 0.24 0.518
Left Little Finger 96.89 £ 1.15 98.34 + 2.57 -1.45 0.917
Researchers have found that the right middle
finger is the most effective finger for pulse oximetry Gl *
analysis(10). Our research shows that the oxygen P °
saturation measurement obtained from the right £ . . .
o 2004 !
middle finger was the highest when using a portable 2
pulse oximeter, and the second highest when using z 2 4 2 2
conventional ICU pulse oximeters. Therefore, we "gm_ - a G 5
used readings from the right middle finger to create s
the Bold-Altman plot. The mean difference (bias) 3 ° ? °
between the conventional pulse oximeter and the %-:w @ o o
portable pulse oximeter for the right middle finger g '
was 0.375, with a 95% confidence interval ranging
from 0.0279 to 0.7221. Figure 1 illustrates this dif- o °
’.-BI-K- ':rTIJO 'H‘DO '?'.“L'l:l IC(; od

ference. The upper and lower limits of agreement
were 3.2758 and 2.5258 respectively, as shown in
figure 1. These results demonstrate that the read-
ings from portable and traditional pulse oximeters
are comparable.

Mean of Conventional and Fingertip

Fig 1. Bold Altman Plot for peripheral oxygen saturation
readings

(Central line is at mean and upper and lower lines at +1.96
SD and -1.96 SD respectively)
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Discussion

Our study found that there is no significant dif-
ference in the clinical use of oxygen saturation
measurements obtained from portable pulse
oximeters and conventional intensive care unit
monitors in healthy individuals. These findings could
be valuable in terms of aiding patient care. This re-
lationship needs to be assessed in critically ill pa-
tients.

Portable pulse oximeters have been shown to
be accurate in preoperative patients who do not
have any cardiovascular compromise. Tekin K et al
concluded that portable pulse have significant im-
pact on patient care in modern medicine and can
reliably be used to detect hypoxemia®. Smith RN
compared oxygen saturation levels obtained from
portable and conventional intensive care unit moni-
tors for patients who were scheduled to undergo
elective and emergency procedures. Patients who
had cardiovascular impairment were not included in
the study. Based on oxygen saturation, they divided
the study population into two groups: those with an
oxygen saturation greater than 93% and those with
an oxygen saturation below 93%. In the group with
an oxygen saturation level greater than 93%, they
discovered that there was a level of agreement be-
tween two pulse oximeter readings. On the other
hand, in the group with an oxygen saturation level
less than 93%, there was little agreement on read-
ings of two instruments'. Harksamp RE et al com-
pared ten portable pulse oximeters of various
brands with arterial blood gas analysis in a study
that involved thirty-five patients. They came to the
conclusion that all of these portable pulse
oximeters are capable of reliably ruling out hypox-
emia; nevertheless, these portable pulse oximeters
did not meet the standards set by the International
Organization for Standardization (ISO), which are
necessary for clearance from the Food and Drug
Administration (FDA). Most of the studies conclude
that these oximeters may be used to rule out hy-
poxemia but cannot be an alternative to arterial
blood gas analysis. However, these portable pulse
oximeters can be very helpful in making prompt de-
cisions on the transfer of patients from a low-resou-

rce facility to a tertiary care setting”. Pilcher J et al
also found that pulse oximeters can reliably rule out
hypoxemia. These oximeters also reliable to con-
tinuously monitor oxygen saturation'®. In our inves-
tigation, we used conventional ICU monitor and
portable pulse oximeters to measure oxygen satu-
ration levels in normal, healthy persons. The results
revealed that there was no significant difference (p >
0.05) between readings of two devices. A new area
of research is now open to compare smart phone
applications with these conventional devices. Data
gathered in this field has shown conflicting results
till date.

Apart from the type of pulse oximeter used,
some other factors also have an effect on oxygen
saturation readings. Louie A et al found that pulse
oximetry readings are affected by patient move-
ment, particularly in states of low perfusion. In or-
der to exclude this factor, we took pulse oximetry
readings of the participants while they were seated
in a stable position. Silverston P et al concluded
that the inaccuracy of pulse oximetry devices in-
creased with the degree of desaturation. In addition
to this, they suggested that the oxygen saturation
level should be monitored over a period of time and
the trend of readings should be followed when mak-
ing clinical judgments. Research is required in or-
der to determine that what trend, the lowest
reading, or the greatest reading should be fol-
lowed'®. In our study, oxygen saturation was mea-
sured for a period of sixty seconds in all the
fingers, and the highest measurement was taken
into consideration. Giuliano KK et al also investi-
gated the impact of patient movements and perfu-
sion status had on the results of pulse oximetry.
They used controls for similar brands of pulse
oximeters. However number of participants in their
study was rather low (n=28)'6. There are some
manufacturers of novel pulse oximeters that assert
that their pulse oximeters are reliable even when
the person’s perfusion level is low. They are ca-
pable of detecting aberrant venous signals and ex-
tracting arterial signals from those signals'’.
Cabanas AM et al found that skin pigmentation may
potentially have an effect on pulse oximetry values.
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In state of poor peripheral perfusion, this effect be-
comes an even more significant factor'®. Gudelunas
M et al also studied the impact of skin pigmenta-
tion on pulse oximetry values in healthy adults.
They concluded that having dark skin and a poor
perfusion index could result in low pulse oximetry
readings. Feiner JR et al also had similar observa-
tion. They concluded that type of sensor used and
gender also contribute to an error attributed due to
skin colour'®. Ochoa-Gutierrez V et al similarly dis-
covered that skin pigmentation may have an effect
on pulse oximetry results?®. Such bias may also be
observed with nail polish. Aggarwal AN found that
certain dark colour nail polish paints result in low
oxygen saturation readings?'. None of our study
participant had nail paint, however, our research did
not take into account the pigmentation of their skin.
Importantly, all of the people who participated in the
study were healthy and none of the participants ex-
hibited any substantial hypoxia or bradycardia, ac-
cording to the data that we collected. Nevertheless,
a new technology is required to take into consider-
ation skin pigmentation when measuring oxygen
saturation because our region has a wide variety of
skin tones, ranging from very light (mainly in the
north) to very dark (in the center and south).

Basaranoglu G et al determined that the right
middle finger and right thumb show the highest oxy-
gen saturation level. They gave a concept of pre-
ferred finger for pulse oximetry'®.Sur A et al also
concluded that significant inter-finger variation ex-
ists in oxygen saturation readings. They found high-
est oxygen saturation is recorded in middle finger
followed by thumb. They found lowest oxygen satu-
ration reading is recorded in little finger??. Which
finger is preferentially used by health care profes-
sional becomes important. Mitzukoshi et al found
that health care professionals prefer index finger for
oxygen saturation recording. On the other hand
they also concluded that highest oxygen saturation
values are recorded in middle finger?. In our study
we compared oxygen saturation reading of each fin-
ger from portable pulse oximeter and conventional
ICU monitor. However, data of right middle finger
was used for Bland-Altman analysis to quantify de

gree of agreement between readings of two instru-
ments.

One of the limitations of our study was that we
did not perform arterial blood gas analysis in order
to compare the results with the oxygen saturation
findings of the pulse oximeter. However, studies
have demonstrated that pulse oximeters are reliable
and accurate in measuring oxygen saturation. Louie
A et al documented long time ago that pulse
oximeter findings were accurate enough to predict
oxygenation status of body'™. Pulse oximeter find-
ings, on the other hand, may be affected by and
become less reliable in some conditions that are
associated with low peripheral perfusion like vasculi-
tis, anemia or low blood pressure. It was made
sure before inclusion in our study that our study
participants did not have poor peripheral perfusion.

Due to the COVID pandemic, patient manage-
ment standards and strategies have been altered.
Unconventional settings were used to provide pa-
tient care. Such devices, if accurate enough or in
other words do not show significant difference from
standard devices, can be valuable. Such devices
were of value at that time and even now. Such de-
vices may be given to patients at risk to monitor
oxygen saturation at home and seek higher level of
care when oxygen saturation crosses certain cutoff.
Furthermore, they can be utilized in makeshift fa-
cilities developed during natural disasters and wars.
However, one important aspect that needs to be ad-
dressed is proficiency of nursing staff in using pulse
oximeters. Hasanien AA et al found that nurses
have inadequate knowledge about pulse oximeter
use and interpretation®*.Most of such studies are
from 3 world countries?®. Considering this, we de-
puted a senior postgraduate trainee from Depart-
ment of Medicine for pulse oximetry who thoroughly
explained protocols and purpose of study.

Conclusion

Use of portable pulse oximeters is valuable in
modern medicine in terms of cost, easy accessibil-
ity, and patient care. Portable pulse oximeter read-
ings are comparable to conventional ICU monitor
readings. Patients with respiratory disorders can
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detect hypoxemia timely at home and may seek
hospital care at the right time. However, users, both
patients and nurses, must be trained in using por-
table pulse oximeters. They need information about
factors that may affect pulse oximetry readings.
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