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Evaluation of the pleth variability index,
perfusion index, and other physiological
parameters after COVID-19
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Abstract. - OBJECTIVE: The aim of this
study was to observe the changes in pleth vari-
ability index (PVI), perfusion index (Pl) and oth-
er hemodynamic parameters in adult individ-
uals who had had Coronavirus disease 2019
(COVID-19) and were currently living a normal
life. A further aim was to draw attention to
the fact that some hemodynamic changes after
COVID-19 may cause long-term health problems.

PATIENTS AND METHODS: A total of 174
adult individuals who had had COVID-19 and
were currently living a normal life and 56 healthy
individuals with similar demographic character-
istics who had not had COVID-19 were includ-
ed in the study. The PI, PVI, oxygen saturation
(SpO,), pulse rate (PR), total hemoglobin (Hgb),
oxygen reserve index (ORI), and blood pressure
values were measured by Masimo Radical 7. The
data of individuals who had and did not have
COVID-19 before were compared.

RESULTS: The mean PVI (p=0.008) and PI (p <
0.001) were significantly lower in people who had
been exposed to COVID-19. Likewise, the mean
of ORI, Sp0,, and SpOC values was observed to
be significantly lower in participants exposed to
COVID-19 disease (p < 0.001, p < 0.001, and p =
0.006, respectively). The PVI had a positive cor-
relation with body mass index (BMI) (r = 0.263, p
< 0.001) and a negative correlation with SpO, (r
=-0.194, p = 0.003) and PR (r = 0.190, p = 0.004).

CONCLUSIONS: The PVI, PI, and other physi-
ological parameters could potentially be useful for
monitoring COVID-19 patients and evaluating their
response to therapy. We believe that people who
have been exposed to COVID-19 may be more sus-
ceptible to other diseases; therefore, they should
be subjected to regular clinical checks.
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Introduction

Coronavirus disease 2019 (COVID-19) is a viral
infection that can affect many different systems
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and organs. Some people with this disease develop
symptoms and complications related to the respira-
tory system. However, COVID-19 has other effects
and may cause changes in a number of physiolo-
gical parameters in some patients, including the
heart, circulatory system, and other organs'~.

COVID-19 is a severe immunological con-
sequence of SARS-CoV-2 infection, which is
considered to be responsible not only for lung
disease but also for multiple organ dysfunction
syndromel. A great concern is that, among peo-
ple infected with COVID-19, the effects have la-
sted much longer than what was expected from a
typical airborne viral illness. The causes of these
“post-COVID” symptoms and clinical develop-
ment, which has recently been called the “post-a-
cute sequelae of COVID-19”, remain unknown®*,

Vital signs show the physiological state of an
individual’s vital organs, namely the brain, the
heart, and the lungs. In order to evaluate the
physiological functions of the patients, vital signs
should be evaluated at regular intervals. In recent
years, noninvasive monitoring methods have in-
creasingly been preferred to invasive methods.
Since its inception, pulse oximetry has proven
indispensable in measuring tissue oxygenation
and monitoring the heart rate.

The pleth variability index (PVI) and the per-
fusion index (PI) measure patients’ clinical status
and monitor their response to treatment. The PVI
is a value based on the ripple pattern of the pulse
wave as measured by pulse oximetry. This value
provides information about a person’s blood cir-
culating volume and fluid status®>.

The PVI is one of the new, noninvasive, ea-
sily applied, and easily interpreted monitoring
methods. It is a noninvasive oximetric indicator
of PI variability and has been used as an alterna-
tive to predict vascular tone and the intravascular
fluid requirement. The PVI is shown as a percen-
tage; the lower the number, the less variability in
Pl in respiratory cycles®. The PI is a measure used
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in many pulse oximeters and is a relative asses-
sment of the pulse strength in the specific applied
area. Its advantages are that it is non-invasive and
can yield continuous measurement’. Pl changes
are due to various causes, such as epidural blocks,
pain stimuli, sympathetic discharges, and decrea-
sed peripheral perfusion. Cyclic changes in blood
pressure and in the pleth waveform may also occur
owing to changes in intrathoracic pressure associa-
ted with intravascular volume. Cyclic changes in
blood pressure and pulse oximetry pleth waveform
are observed during airway obstruction; the seve-
rity of obstruction correlates with the magnitude
of the cyclic waveform®. In COVID-19 patients,
conditions such as lung injury and breathing dif-
ficulties can affect fluid balance, so monitoring by
the PVI and the PI may be important.

The aim of this study was to observe the
changes in the PVI, PI and other hemodynamic
parameters in adult individuals who had had CO-
VID-19 and were currently living a normal life. A
further aim was to draw attention to the fact that
some hemodynamic changes after COVID-19
may cause long-term health problems.

Patients and Methods

Ethics

Ethical approval of our study was obtained
from the Clinical Research Ethics Committee
of Mardin Artuklu University (Consent num-
ber: 2023/5-30, Consent date: 03.05.2023). Demo-
graphic, and clinical data records were obtained
with the consent of the participants between 4
May 2023 and 5 June 2023. All subjects included
in the study were voluntary participants. Before
the study, the participants were informed about
all the details of the study, both orally and in wri-
ting. Informed consent forms were signed by the
volunteers who agreed to participate.

Study Design and Population

Our study was a prospective, cross-sectional,
and observational study. The minimum sample
size required, based on similar work in this coun-
try, was at least 100 participants to achieve 80%
statistical power with a 5% margin of error and
a 95% confidence interval. Thus, 174 adult indi-
viduals between the ages of 18 and 80 who had
COVID-19 and were currently living a normal li-
fe (Group 1: 94 females and 80 males) and 56 he-
althy individuals with similar demographic cha-
racteristics (Group 2: 28 females and 28 males)

who had not had COVID-19 were included in the
study, making a total of 230 participants. Patients
who were found to be negative in all COVID-19
tests performed on their health cards, who were
not diagnosed with COVID-19 and who did not
have a history of febrile illness during the pande-
mic period were included in group 2.

Exclusion Criteria

A non-invasive procedure was used for the
study. The study was carried out in Mardin City.
Patients with liver and/or kidney failure, tubercu-
losis, or chronic obstructive pulmonary disease
(COPD), obese patients [body mass index (BMI)
30 and above], patients with trauma, cancer,
uncontrolled diabetes, or decompensated heart
failure, and those with a history of chronic pain
were excluded from the study.

Study Tool

The Masimo Radical-7® Pulse CO-Oximeter
(Masimo Corp., Irvine, CA, USA) device was
used for the study. Necessary training in the use
of non-invasive devices was given beforehand by
the relevant company staff. The tool measured the
PI, PVI, oxygen saturation (SpO,), pulse rate (PR),
total hemoglobin (Hgb), oxygen reserve index
(ORI), and blood pressure values. PI describes the
ratio of fluid blood to other non-fluid blood, when
using infrared rays on the body. The PI value is
the value calculated by looking at the absorption
of infrared rays with a pulse oximeter. It can be
measured from the patient’s fingertip, hand, toe,
or ear. It also gives information about the periphe-
ral vasomotor tone. It shows the perfusion status
of the continuous tissue in the Pl-applied area for
an instant and a certain time interval.

With the saturation probe of the Masimo oxime-
try device, the PVI, PI, ORI, SpO,, and SpOC were
non-invasively measured from the fourth distal pha-
lanx of the non-dominant hand with the hand at he-
art level and recorded as primary data, after waiting
for 10 minutes. Age, gender, pulse, blood pressure,
and hemoglobin values were recorded as simul-
taneous secondary data. The BMI was calculated
by measuring the weight of each individual with a
portable scale and the height with a tape measure.

Statistical Analysis

The data were statistically analyzed using
SPSS (version 26.0; IBM Corp., Armonk, NY,
USA). Power analysis was used to determine the
total number of cases that would be included in
the study. Comparisons were made between the
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PVI, PI, ORI, and other hemodynamic and demo-
graphic variables of the groups. Under conditions
a = 0.05 of PVI standard deviation with 80%
power, the number of people needed was calcu-
lated as 50 for each group. The normal distri-
bution was determined using the Shapiro-Wilk
test. Mean + standard deviation for continuous
variables, frequency, and percentage for catego-
rical variables were evaluated. The continuous
variables were analyzed using the Student #-test,
while categorical variables were analyzed by the
Chi-square tests. The Pearson’s correlation test
was used to determine the relationship between
the variables. p-values of the tests below 0.05
were considered statistically significant.

Results

Table I shows the distribution of age, BMI, PVI,
PL, ORI, and other independent variables of the

participants with and without COVID-19. The mean
age of the participants who had had COVID-19 was
45.82 £+ 12.71 years, and the mean age of the par-
ticipants who had not had the disease was 43.57 +
12.42 years (p = 0.249). The BMI for the two groups
was 26.40 + 3.20 and 25.89 + 2.94 (p = 0.201), re-
spectively. 80 (46%) men and 94 (54%) women had
had COVID-19 disease, while 28 (50%) men and 28
(50%) women had not had COVID-19 (p = 0.646).
The mean PVI was 25.45 + 8.73 in participants
who had had COVID-19, while it was 27.76 + 4.24
in those who had not (Figure 1). The PVI was found
to be significantly lower in people who had been
exposed to the disease (p = 0.008). The mean of PI
values was 0.95 = 0.57 in the COVID-19 patients
and 3.36 £ 0.69 in the non-COVID-19 patients
(Figure 2), and the difference was significant (p
< 0.001). Likewise, the mean of ORI, SpO,, and
SpOC values was observed to be significantly
lower in participants exposed to COVID-19 disease
(p <0.001, p <0.001, and p = 0.006, respectively).

Table I. PVI, PI, and other noninvasive physiological parameters and demographic characteristics of the participants.

Group 1 (n = 174, %)
Parameters [N, % or Mean = SD]
Gender, Men/Women 80 (46%)/94 (54%)
Smoking, Yes/No 74 (42.5%)/100 (57.5%)
Age, year 4582+ 12.71
BMI, kg/m? 26.40 +3.20
PR, beat/min 82.22+9.74
SpHb 12.47 £ 1.35
PVI 25.45+8.73
PI 0.95+0.57
ORI 0.05+0.03
SpO, 96.46 + 1.31
SpOC 15.64+1.84

Group 2 (n = 56, %)

[N, % or Mean = SD] p*

28 (50%)/28 (50%) 0.646
26 (46.4%)/30 (53.6%) 0.535
43.57+12.42 0.249
25.89 £2.94 0.201
82.96 +11.99 0.639
12.75 £ 1.80 0.405
2776 £ 4.24 0.008
3.36+0.69 <0.001
0.14 £ 0.09 <0.001
97.64 £2.02 <0.001
16.46 £2.23 0.006

*p <0.05 considered statistically significant for Student #-test. BMI: Body mass index, ORI: Oxygen Reserve Index, PI: Perfusion
Index, SpO,: Oxygen Saturation, PVI: Pleth Variability Index, PR: Pulse Rate, SpOC: Oxygen Content SpHb: Total Hemoglobin.
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Figure 1. The mean of PVI values in participants who have
had COVID-19, and in those who had not.

Figure 2. The mean of PI values participants who have had
COVID-19, and those who have not.
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Table Il. Correlation of PVI and PI with other parameters.

Age BMI SpoO, SpHg ORI PR SpOC
PVI
r 0.029 0.263 -0.194 0.059 -0.102 -0.190 0,013
p** 0.660 <0.001 0,003 0.375 0.122 0.004 0.847
PI
r -0.096 -0.122 0.365 0.188 -0.109 -0.30 0.257
p** 0.148 0.065 <0.001 0.004 0.098 0.656 <0.001

p** < 0.05 considered statistically significant for Pearson’s correlation test; r: correlation coefficient, BMI: Body mass index,
ORI: Oxygen Reserve Index, PI: Perfusion Index, SpO,: Oxygen Saturation, PVI: Pleth Variability Index, PR: Pulse Rate, SpOC:

Oxygen Content SpHb: Total Hemoglobin.

The correlation between the PVI and the PI with
other independent variables is shown in Table II.
The PVI had a positive correlation with BMI (r =
0.263, p < 0.001) and a negative correlation with
SpO, (r=-0.194, p = 0.003) and PR (r = 0.190, p =
0.004). In addition, the PI had a significant positive
correlation with SpO, (r = 0.365, p < 0.001), Hgb (r
=0.188, p =0.004), and SpOC (r=0.257, p <0.001).

Discussion

Our study showed that the averages of the PVI,
PI and ORI values were significantly lower in the
174 adult individuals who had previously expe-
rienced COVID-19. Likewise, in these indivi-
duals, the average of SpO, and SpOC values was
observed to be significantly lower than among
those who had not had the disease.

Studies®'® have shown that measurements such
as static hemodynamic central venous pressure
and mean arterial pressure are weaker in eva-
luating volume status than dynamic indices such
as arterial pressure waveform and stroke volume
in patients who will or may not respond to volu-
me expansion. However, the operator-dependent,
more invasive nature of dynamic indices has ma-
de the PVI preferable in recent years.

Cyclic changes have been shown' to reflect chan-
ges in the patient’s intravascular volume level. Cyclic
changes in blood pressure and in the pleth waveform
may also occur because of changes in intrathoracic
pressure associated with intravascular volume. Ste-
ele et al'! noninvasively showed that cyclic changes
in blood pressure and in the pulse oximetry pleth
waveform are seen in airway obstructions and that
the size of the cyclic waveform correlates with the
severity of the airway obstruction.

Demirci et al’, in their study on healthy volun-
teers, showed that there was a statistically signifi-
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cant change in PVI values for the supine position
and working position in both passive leg lift and
Trendelenburg position groups. While a decrease
in PVI values was predicted at the beginning of
their study, the results showed an increase in PVI
values after the working position in both groups.

In another study', the relationship between
PVI values, attack severity and response to tre-
atment was investigated in the management of
acute obstructive airway disease in children. In
this study, it was stated that PVI, which was me-
asured blindly from clinical severity scoring in
triage, increased with the severity of attacks and
there was a significant difference in PVI values
between the groups. Hospital protocols such as
targeted therapy and enhanced recovery after
surgery are used in many healthcare settings,
including our hospital, with non-invasively PVI
and PI parameters for fluid management as part of
larger interventions designed to improve patient
care and safety. In a study" conducted in France,
a blood transfusion protocol based on SpHb was
used together with a targeted therapy protocol
with PVI, and monitoring with SpHb and PVI
integrated into the vascular filling algorithm was
reported to be associated with earlier transfusion.
In this study, it was shown that 30- and 90-day
mortality at the whole hospital scale decreased by
33% and 29%, respectively.

Patients who have had COVID-19 may expe-
rience chronic lung fibrosis and proliferation, as
well as damage to alveolar epithelium and en-
dothelial cells'. In one study', it was reported that
there was a deterioration in diffusion capacity, fol-
lowing restrictive ventilation defects in the lung,
which was associated with the severity of the
disease. Studies'®!” on pre-COVID-19 coronavirus
infections have reported that patients may expe-
rience permanent organ deterioration in months
or even years after discharge. Unfortunately, there
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is not enough literature reporting post-COVID-19
pulmonary capacity or cardiovascular physiolo-
gical parameters. In COVID-19 patients, oxygen
levels may drop, and adequate oxygen delivery to
tissues may be impaired owing to lung damage
and breathing difficulties. Therefore, monitoring
parameters such as the PI is important to assess
patients’ oxygenation status and to see if they are
responding appropriately to treatment!®'®!, Saini
et al®, in their study on infants with neonatal
sepsis, emphasized that PI values were significant-
ly lower in non-survivors than in survivors and
that PI should be interpreted together with other
vital signs in order to make clinical decisions.

In our study, the averages of PVI and PI values
were found to be clearly low. Likewise, the avera-
ges of ORI, SpO,, and SpOC values were found to
be significantly lower in participants who had had
COVID-19. In the literature, there is, to our know-
ledge, no similar study of post-COVID-19 patients.
Although there are studies'®™® on the PVI and PI
in different patient groups, such as intensive care
patients, pre-operative patients, and emergency
room patients, our study appears to be the first
cross-sectional and observational study on patients
who have maintained their normal daily activities.
We think the study is important for this reason.

However, more research is needed to evaluate
the PVI, PI, ORI, and other physiological para-
meters after COVID-19. COVID-19 is a complex
disease and, owing to the diversity of the systems
it affects, may have different effects on each in-
dividual. Therefore, care should be taken in the
use and interpretation of these parameters, which
should be considered together with a comprehen-
sive clinical evaluation.

Limitations of the Study

Undoubtedly, our study has many limitations.
The study was non-invasive, blood gas and some
other laboratory parameters were not included.
The study would have had more validity if it had
included more participants or been multicenter.
Moreover, the participants were living normal
daily lives, a cohort that has not yet been exami-
ned in the literature.

Conclusions

According to our results, non-invasive mea-
sures showing physiological values such as PVI,
ORI and PI were lower in participants who had
had COVID-19 and continued their daily acti-

vities after discharge. Although our results need
further corroboration, we think that they are im-
portant even in their current form and contribute
to the literature. We believe that people who have
been exposed to COVID-19 may be more suscep-
tible to other diseases; therefore, they should be
subjected to regular clinical checks. The PVI,
PI, and other physiological parameters could po-
tentially be useful for monitoring COVID-19
patients and evaluating their response to therapy.
However, more research is needed on the correct
use and interpretation of these parameters. Each
patient should be evaluated individually, and the
evaluation should be used in conjunction with a
comprehensive clinical assessment.
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