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Abstract:-

Background: The tissue perfusion marker (lactate,
ScVO:) has limitations. Therefore, the PvaCO: gap is
described as a parameter reflecting tissue hypoperfusion.
Since occult regional ischemia, ie undetected at the
systemic level, is considered a major contributor to
morbidity and mortality after major trauma and in
other critically ill patients, early detection of regional
hypoxia is necessary. Traditionally, oxygenation is
measured with invasive devices. NIRS is further used as
a noninvasive monitoring technique that assesses
regional brain oxygen saturation.

Objective: To determine the relationship between
PvaCO: gap and NIRS to assess cerebral tissue oxygen
perfusion in  septic patients with  decreased
COoNsciousness.

Methods: This study is a descriptive analytic study
looking for the relationship between PvaCO: gap and
NIRS in septic patients with decreased consciousness in
the intensive care unit to assess cerebral tissue oxygen
perfusion. Measurements were made with NIRS and
examination blood gas of carotid and jugular. The
normality test used with a sample size of less than 50,
namely the Shapiro-wilk test. The hypothesis test used to
compare the PvaCO:2 gap compared to NIRS in patients
is the Pearson correlation test. Comparison of the value
of discrimination using two measuring instruments using
NIRS compared to the PvaCO:2 gap is presented in the
form of a scatter plot.

Results: Right and left StO: levels have a negative
correlation direction to the PvaCO:2 gap value. There is
no significant correlation between the PvaCO: gap and
NIRS.

Conclusion: PvaCO:2 gap does not correlate with NIRS to
assess cerebral tissue oxygen perfusion in septic patients
with decreased consciousness.

Keywords:- PvaCO; gap, NIRS, StO,, Sepsis.

NISRT22AUG040

Bastian Lubis, Qadri Fauzi Tanjung
Department of Anesthesiology and Intensive Therapy,
USU Medical Faculty, H. Adam Malik Hospital, Meda

I. INTRODUCTION

Blood gas measurements are used to assess acid-base
status and oxygenation. Many of these patients suffer from
sepsis, it is estimated that it affects more than 30 million
people each year and contributes significantly to the number
of hospital deaths (Shastri, 2021).Several studies have
shown that oxygen parameters are normalized at the time of
ICU admission, suggesting that initial resuscitation may be
partially or completely accomplished. Thus, several studies
have shown that oxygen saturation values are not sufficient
to describe regional or tissue perfusion abnormalities
(Araujo, 2019).

Adequate tissue perfusion markers (lactate, ScVO; )
have limitations. Hyperlactataemia does not necessarily
reflect tissue hypoxia or anaerobic metabolism and can be
nonspecific. Central venous oxygen saturation (ScVO ; ),
which is used as a marker of hypoxia, can be normal despite
microcirculation disturbances. Therefore, the difference in
partial pressure of venous to central arterial CO 2 ( co20ap )
has been described as a parameter reflecting tissue
hypoperfusion (Huette, 2021).

The difference between venous carbon dioxide and
arterial carbon dioxide pressure (PvaCO gap ) has been
described as a parameter reflecting tissue hypoperfusion in
critically ill patients who are not adequately resuscitated.
PvaCO .gaps have been proposed to better describe the
correlation between systemic blood flow and global
metabolic demand as it provides information not provided
by other parameters (Department of Anesthesia of South
Valley  University, 2021).Through a  prospective
observational study over a 1 year period, which included a
total of 150 high-risk surgical patients, it was observed that
a high PvaCO2 g, (>6 mmHg) was associated with more
organ failure, longer duration of mechanical ventilation, and
length of hospital stay. (Department of Anesthesia of South
Valley University, 2021).The high PvaCO 2 goup was
associated with a higher incidence of complications and
organ failure than the normal PvaCO ; goup . Regarding the
length of stay in the ICU and mechanical ventilation days
were also longer in the high PvaCO ; gouyp although the
difference was not statistically significant (Department of
Anesthesia of South Valley University, 2021).
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It is recommended that ICU patients be resuscitated
with a target value of 70% ScvO , met, but a PcvaCO ; of
less than 6 mmHg can be a better marker (Department of
Anesthesia of South Valley University, 2021).Sepsis, which
occurs when the body's response to infection results in
dysfunction of one or more organ systems, is a common
condition in the ICU. Furthermore, sepsis is the most
common cause of death in hospitals. Cerebral oxygenation
has also been shown to be significantly lower in septic shock
patients with decreased consciousness, suggesting that poor
cerebral perfusion may contribute to its development.
Furthermore, decreased consciousness has been associated
with dysfunctional cerebral autoregulation, which may
indicate secondary neurologic injury. To date, there is no
feasible marker to measure cerebral perfusion non-
invasively in ICU patients (Wood, 2021).

Neurological complications, associated with longer
hospital stays and increased mortality. For this reason,
neurological monitoring is essential to detect and potentially
limit neurological complications. Among the tools that can
be used to monitor the brain in such patients, the NIRS may
have an important role. This non-invasive monitoring
technique can provide a continuous value of forehead
regional tissue oxygen saturation, which represents the
balance between cerebral oxygen delivery and cerebral
oxygen consumption (Pozzebon, 2018).Near infrared
spectroscopy (NIRS) has gained popularity as a patient
monitoring tool in intensive care and emergency
departments. NIRS is very popular in many clinical areas,
especially as a neuromonitoring tool for oxygenation
adequacy and/or as a general hemodynamic assessment tool
(Oztiirk, 2019).

Il. RESEARCH METHODS

A. Research design

This research is a descriptive analytic study that looks
for the relationship between the PvaCO ;. vaiiegap and NIRS
values in septic patients with decreased consciousness in the
intensive care unit to assess cerebral tissue oxygen
perfusion.

B. Place and time of research
The study was conducted at the Haji Adam Malik
General Hospital Medan from January 1, 2022 to
February 28, 2022.

C. Population and Research Sample

A septic patient with decreased consciousness who was
admitted to the intensive care unit of Haji Adam Malik
General Hospital, Medan. Affordable population that meets
the inclusion criteria and exclusion criteria.

D. Inclusion Criteria
o Patients aged 18 years and over.
e Patients on mechanical ventilation.

E. Exclusion Criteria
o The patient's family refused to be included in the study.
o The patient is declared brain stem dead.
e Patients with cerebral abnormalities in the frontal
region.
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F. Drop Out Criteria
The patient was in cardiac arrest at the time of
examination.

G. Procedure

Collecting data on research samples, namely patients
who were treated in the intensive care room at Haji Adam
Malik General Hospital Medan who met the inclusion and
exclusion criteria. An explanation to the patient's family
who is the subject of the study regarding the purpose,
method and benefits of this examination and then to the
patient's family who will be asked to first sign the informed
consent. Basic data recording was carried out by researchers
in the intensive care room at Adam Malik General Hospital,
Medan, such as name, gender.

Performing a vital examination of vital signs, in the
form of blood pressure, MABP, pulse and SpO , . Before
using NIRS, the patient's forehead is cleaned first with wet
gauze and alcohol, then dried so that it is clean from
disturbances such as oily or watery face. Then turn on the
NIRS device, put it in a stable position, connect the NIRS
electrode to the INVOS machine and attach it according to
the number on the frontal area of the research subject in a
parallel position at the same time to show the right and left
sides. Attachment position according to Figure 3.2. The
measurable results on the NIRS (at the time the jugular vein
sample was taken, described in the next point) were
recorded on the study sheet. Clean the blood collection area,
on the right or left neck with povidone iodine, after a while
with alcohol and then dry with gauze.Through ultrasound
guidance, blood samples were taken using a 3 ml syringe, on
the carotid artery for examination of AGDA and internal
jugular vein for examination of Venous Blood Gas Analysis
with both at the same level, then inserted into 2 vacuum
tubes containing lithium heparin accompanied by lactate
test. The shooting position is adjusted to the image. Each
time blood is drawn, then compression is carried out at the
collection site for approximately 5-10 minutes until there is
no visible active bleeding or swelling due to accumulation
of blood under the skin.

H. Analasys statistics

The data in this study are numerical data with a normal
distribution displayed in the average value of SD ( Standard
Deviation) . Categorical data is displayed in numbers
(percentages). The normality test used with a sample size of
less than 50 is the Shapiro-Wilk test. Hypothesis test used to
compare the value of PvaCO ,gap compared to NIRS in
patients, namely the Pearson correlation test because the
data are normally distributed. Comparison of the value of
discrimination using two measuring instruments using NIRS
compared to PvaCO ,gap is presented in the form of a
scatter plot .

Il. RESULT

A. Characteristics of Research Parameters

This study was followed by as many as 30 research
subjects, the characteristics of the research subject
parameters can be seen in table 4.1 as follows:

WWW.ijisrt.com 2


http://www.ijisrt.com/

Volume 7, Issue 8, August — 2022

International Journal of Innovative Science and Research Technology
ISSN No:-2456-2165

Characteristics n=30 p value ?
Age 47.07 £17.63 0.40
Gender n (%)

Man 18 (60) 0.08
Woman 12 (40)

BMI 24.19+4.71 0.23
Pulse 106.64 + 27.62 0.08
FOLDER 87.47 +19.97 0.71
Sp0O2 95.80 + 7.47 0.24
GCS 7.17+2091 0.03
Lactate 0.05+0.32 0.03
Hb 10.96 +2.98 0.93
StO 2 Right 53.87+20.00 0.60
StO ; Left 56.27 + 18.66 0.46
PvaCO 2gap 8.03+7.22 0.08

Table 1: Characteristics of Research Parameters

@ Shapiro Wilk

Based on the table above, it can be seen that the
average age of the research subjects was 47 years with the
majority of men as many as 18 people (60%) and women as
many as 12 people (40%). The mean BMI was 24 kg/m 2,
the mean pulse was 106 beats / min, the mean MAP was 87,
the mean SpO 2 was 95.8%, the right StO 2 was 53.87%, the Ieft sto 2
was 56.27%, the mean GCS score was 7.17 , mean lactate
0.05, and mean PvaCO ;the gap is 8.03. Categorical data is
presented in the form of frequency distribution (%) and

numerical data is presented in the form of mean * standard
deviation.

B. Characteristics of PvaCO ,Gaps in Assessing Oxygen
Perfusion
The following is a table regarding the characteristics of
PvaCO »gap in assessing oxygen perfusion, wnicn is said to be
PvaCO2 gap is high if 6 and PvaCO , low gap if <6 :

Parameter Frequency (%) p value
High PvaCO2 _ 19 (63.3%) 0.08°
Low PvaCQO?2 11 (36.7%) '

Table 2: Characteristics of PvaCO ,Gaps in Assessing Oxygen Perfusion

2 Shapiro Wilk

Based on the table above, it can be seen that PvaCO
high gap as many as 19 subjects (63.3%) and PvaCO ; a low
gap of 11 subjects (36.7%) with a p value > 0.05 which
means the data is normally distributed.

C. Difference NIRS (StO ;) Right and Left

The following is a table regarding the characteristics of
NIRS (StO 2) on the right and left sides in assessing cerebral
oxygen perfusion with the following results:

Parameter N Average + SD Correlation coefficient (r) p value
Right StO2 30 53.87+20.00 a b
Left St02 30 56.27 + 18.66 0.955 0.001

Table 3: NIRS . Correlation ( StO ;) Right and Left

@Pearson Correlation
bTest T

Based on the results of the analysis of the difference in
the values of StO , right and StO , left, there was a
statistically significant difference with a value of p = 0.001
(p < 0.05) and a positive correlation with a value of r =
0.955.

D. nght and Left NIRS (Sto 2 ) Correlation of PvaCO Zgap
The following is a table regarding the correlation of
NIRS (StO ») on the right and left side of PvaCO ,gaps :

PvaCO2 p value
Correlation coefficient (r)
Right StO2 -1.36 0.475
Left StO2 -0.64 0.738

The following is a scatter plot graph of the right and left StO , correlation test against PvaCO »gaps :
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Fig. 1. Scatter P lotCorrelation of StO ;Right with PvaCO »gap
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Fig. 2: Scatter PlotCorrelation of Left StO , with PvaCO »gap

StO » 1evels have a negative correlation direction to the PvaCO » . vaegaps . However, based on the analysis, there is no
statistically significant correlation between NIRS and PvaCO ,gap with p value > 0.05.
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IV. DISCUSSION

In this study, the mean PvaCO .gap is 8.03 where
PvaCO , high gap as many as 19 subjects (63.3%) and
PvaCO , low gap of 11 (36.7%) in septic patients. A
prospective blinded observational study conducted by Bitar
with 28 samples with severe sepsis and septic shock
subjected to PvaCO2 examination gap at the time of
admission and 6 hours after admission to the critical care
unit it was found that PvaCO ; a high gap has a mortality of
30% and at PvaCO ; a low gap of 20% for septic patients.
PvaCO »gap is an important hemodynamic variable in the
management of sepsis-induced circulatory failure, can be a
marker of adequacy of cardiac output in severe sepsis and
can assess an important prognosis in septic patients (Bitar,
2020).

Because of the higher solubility of CO2 tan O2 in the
blood, the waste CO2 from hypoxic tissues is higher than that of
02 in the low-flow state . Thus PvaCO »gap can be used as a
marker of tissue hypoperfusion rather than a tool for
detecting tissue hypoxia. PvaCO »gap is suggested to be
used as a guide for shock resuscitation (Scheeren, 2018).

In this study, the NIRS was actually intended to
describe the microcirculation in the brain, and a significant
positive and significant correlation was found for the
parameters MAP, Hb, and PvaCO2 gaps . In fact, this
confirms the theory of oxygen delivery, in which the
components of oxygen delivery take into account the
cardiac output component , which is represented by MAP,
and oxygen content, which consists of several components,
such as Hb, Sa0 ,, and PaO ;.

Furthermore, what was studied was the difference in
StO ; on the right and left sides. Based on the normality test,
the distribution is normal, so it is continued with the
correlation test, with the result that the right and left StO ,
are different, with a value of 53.87 with 56.27. Actually it
shows that the StO ; 1.l ON One side cannot describe the
situation on the two different sides, so for this examination,
two electrodes are installed on both sides.

StO 2 vaes ON both the right and left sides have a
negative correlation with the PvaCO ; . vaegap , although
analytically, there is no significant correlation. The
conclusion that can be drawn, although the correlation is not
statistically significant, is that if the StO2 value is nig , the
PvaCO2 value is otherwise the gap will be low, whereas if
the value of StO ; is low then the value of PvaCO ,the gap
will be high. This has disproved the hypothesis of this study
which states that NIRS is associated with PvaCO »gaps .

Several other studies also did not find a significant
relationship between NIRS and PvaCO ,gap , for example a
study conducted by Das that assessed cerebral oxygenation
levels using NIRS in septic shock patients, and found a
significant relationship between cerebral oxygenation levels,
MAP, lactate levels, and central venous saturation in shock
patients, not to PvaCO .gaps . The positive association
between cerebral oxygenation, MAP, and central venous
saturation persisted for up to 72 hours with 6-hour
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monitoring, and there was a significant negative relationship
between cerebral oxygenation and lactate levels in

NIRS cannot stand alone, it is necessary to examine
other necessary parameters before continuous NIRS
examination is carried out to be able to describe the state of
cerebral oxygen perfusion optimally so that patient care and
management can be carried out optimally.

V. CONCLUSION

PvaCO ,gap does not correlate with the NIRS
statistically to assess cerebral tissue oxygen perfusion in
septic patients with decreased consciousness. PvaCO Value
2The gap was found to increase in septic patients with
decreased consciousness, while the NIRS value was found
to be within the normal range in sepsis patients with
decreased consciousness.
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