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ABSTRACT

Background: It is necessary to keep tracks of blood and fluid treatment during admission patient in intensive
care unit Patient may have signs of hypovolemic but fluid administration is not always beneficial, we are in
need of bedside devices and techniques which can predict fluid responsiveness effectively and safely.

The pleth variability indices (PVI) allow noninvasive assessment of fluid management.

It is based on respiratory changes in arterial pulse pressure. PVI reflect vascular tone, circulating blood
volume and intra thoracic pressure.

Objective: To compare between PVI and CVP (central venous pressure) as effective measures to manage of
fluid loading in monitorization in I.C.U.

Patients and Methods: This study was carried out at King Khaled Hospital between June 2017 and October
2018 on 200 randomized patients dividing into two equal groups: Group (1) measuring fluid by CVP, and
Group (1) measuring fluid by Masimo to assess fluid management therapy.

Results: In comparison of fluid management in 1.C.U, the amount of fluid replacement was 3500 + 1980.2 in
group (1), and 1913 + 540 in group (I1). There was no significant difference between the two groups in red
blood cells transfusion or hemoglobin level.

Conclusion: Masimo can be used as bedside non-invasive technique to measure fluid responsiveness in
operating room and intensive care unit without complication, and more reliable than some invasive technique
in guiding fluid therapy.

Keywords: Surgery, Intensive Care Unit, fluid responsiveness, Central Venous Pressure, pleth variability
index.

INTRODUCTION acidosis and organs failure (Cumpstey et
No standard of fluid management al., 2016).

intervention in 1.C.U has yet been Prediction of fluid responsiveness had
established (Van Regemortel et al., 2014). been challenge for many years. Fluid
However, excessive fluid replacement responsiveness known as the ability of the
harms all body functions, while the life- circulation to increase cardiac output (CO)
threatening consequence of inadequate in response to volume expansion
fluid support leads to tissue hypoxia, (Feldman et al., 2012).
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Conventionally, parameters such as
heart rate, blood pressure, urine output,
central venous pressure (CVP) and blood
loss are measured during admission in
I.C.U to calculate necessary amount of
fluid (Desai and  Gari, 2018).
Hemodynamic optimization by
intravenous (1V) fluid administration is
very important to correct any fluid deficits
created by fasting and other critically ill
patients to improve oxygen delivery and
overall hemodynamic function (Guerin et
al., 2013).

Method of volume response assessment
can be classified to static measure like
HR, MAP, and CVP (Liu et al., 2019).

Dynamic measure, e.g., pulse pressure
variation (PPV) stroke volume variation
(SVV) which is invasive maneuver has
been used instead of static measure (Matta
etal., 2019).

Invasive maneuver is not preferable as
difficult measurement. So, the minimally
invasive method like PV1 has been used
increasingly for noninvasive assessment
of fluid management (Monnet et al.,
2016). It is based on respiratory changes
in arterial pulse pressure (Piskin and Oz,
2017).

Masimo machine uses 7 wave lengths
of light to continuously and non-invasive
measurement of arterial oxygen saturation
(SPO2), pulse rate (PR) and perfusion
index ranging from 0.02% to 20% along
with optional measurement of hemoglobin
(SPHB), carboxyl hemoglobin (SPCO),
total oxygen content (SPOC), meth
hemoglobin (SPMET), Oxygen reserve
index (ORI) and pleth variability index
(PV1) that reflect physiologic factors such
as vascular tone circulating blood volume

and intra-thoracic pressure it ranging from
0% to 100%.

Masimo is valid for use in adult,
pediatric patients in motion or no motion
in law and high perfusion condition and in
hospital and home. This machine had
color coding acting as warning sign for
anesthetics to check early changes
intraoperative to prevent complication.
Grey no monitoring. Green monitoring
normal range. Yellow monitoring cautions
range. Red monitoring alarm range. Also,
this machine parameter gives idea about
our body system, e.g. Cardio: pulse rate.
Respiratory: SPO2, SPCO, Vascular: PI,
PVI, SPHB, SPMET and Brain: PSI
(Piskin and Oz, 2017).

The PV1 is preferred because it is
noninvasive, the sensor can be easily
inserted, and it allows continuous
measurement at the bedside (Piskin. et al.,
2017). Monitoring fluid management in
I.C.U is assessed by using PVI, CVP and
classical hemodynamics signs (Wise et al.,
2017).

The present work aimed to
monitoring fluid management during
major interventions, we aimed to compare
fluid loading-induced changes as assessed
using PVI, CVP and classical parameters.

PATIENTS AND METHODS

The present study was carried out on
patient who admitted in 1.C.U in King
Khalid Hospital in Nagran city. K.S.A in
between 2017/2018 on 200 patients after
written informed consent was obtained
from every patient, legal guardian after
explaining the procedure and its potential
complication. Patients were divided
randomly by sealed envelope into two
groups Group (I) measuring fluid by CVP
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Group () measure fluid by Masimo to
assess fluid management therapy.

Inclusion criteria: Patient >21 year old. ,
ASA status I, Il. Patient admitted to
I.C.U. Patient needs of 1.V fluid challenge
for Resuscitation based on clinically
character mainly hypo perfusion state
symptoms & sign.

Exclusion criteria: No written consent
Patient under 21 vyears. Cardiac and
peripheral arterial disease.
Contraindication to fluid resuscitation e.g.
congestive heart failure renal failure.

The collected data include patient

demographics  American  society  of
anesthesiology  (A.S.A) classification
hemodynamics monitoring  (measured

continuously the following values blood
pressure, heart rate at statistical analysis
base all patient were evaluated in I.C.U at
0, 5 10, 30, 60 and 120 minutes
specifically heart rate , Mean arterial
pressure  (MAP) peripheral  oxygen
saturation and CVP were measured,
Hemoglobin (HB) and hematocrit levels
were recorded at the beginning ,middle
and end of 1st day.

In the group (II) total HB level and
PVI values were also recorded at 5
minutes intervals. The data were
compared between both groups to assess
fluid management.

Primary outcome: to assess fluid by
measuring perfusion index which ranging
from 0.02 % to 20% and PVI which
ranging from 0% to 100% above 15%
means good volume assess and no needed
to increase fluid therapy in group (1I). In
group (I) we measure central venous
pressure when above 5mm hg which good
indicator of fluid supply.

Secondary outcome: include MAP, HB%,
HCT% and urine output in both group.

In the LC.U we used standard
monitoring method, E.C. G, noninvasive
BLP. SPO2 and end tidal CO2.

We divided our patients into two equal
groups: Group ( I) which was controlled
group though CVP has inserted, and group
(I') where we used PVI machine. All
patients were fully assessed with general
physical examination and demographic
data and (APACHE) Il score.

In 1.C.U, we used standard methods
electrocardiogram, non-invasive blood
pressure, peripheral oxygen saturation end
tidal CO2 pressure (ETCO2).

In group (II), a PVI, probe (Radical-
7®: Masimo Crop., Irvine, CA, USA) was
placed on the patient’s index finger and
protected from light. No invasive arterial
monitoring was carried out. A peripheral
oxygen saturation probe was placed on the
index finger of the other hand. In patients
with a PVI greater than 14%, 250 mL of
crystalloid solution was administered all
over 5 minutes, whereas a fluid infusion
was delivered at a dose 4 ml. Kg- hl to
patients with a PVI <14%. Blood loss was
calculated and the blood loss was
replaced.

Statistical analysis of data:

Data were expressed as mean valuest
standard deviation, percentage [%] and
numbers [N]. A statistical Package
performed the statistical analysis for
Social Science [SPSS] version20 [IMB®
SPSS® Inc., Chicago, Illinois, USA]. Two
statistical tests were primarily used to
analyze the difference between numerical
data, and p value <0.05 was considered
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statistically significant. T-test was used to
analyze differences between the two
groups; analysis of variance [ANOVA]

was used to analyze differences in more
than two means. However, Chi-square test
was used to compare categorical data.

RESULTS

Both groups were comparable as
regard to demographic data (age, height,
weight, BMI and comorbidities ) as regard
age (57.30£12.50) to (54.68+13.61)
APACHE (24.5045.02) to (25.50+4.50)

Table (1): Patient demographics

BMI, mean £SD, kg/m2 (28.00+2.69) to
(27.60£3.59) No  significant  and
difference between two groups except in

HT and CAD (Table 1).

Groups | Group (I) Group (II)

Patient demographics (n=100) (n=100) P
Age, mean + SD, years 57.30+1450 55.68+14.61 > 0.005
Height, mean + SD, cm 169.02+9.30 167.434+9.29 > 0.005
Weight, mean + SD, kg 81.40+8.24 80.13+9.89 > 0.005
BMI, mean + SD, kg/m? 28.00+2.69 27.60+3.59 > 0.005
Body surface area mean + SD, m? 1.93+0.13 1.92+0.15 > 0.005
APACHE II 24.71+6.02 26.23+4.60 > 0.005
Comorbidities

COPD 1(1%) 1(1%) > 0.005
DM 13(13%) 13(13%) > 0.005
HT 19(19%) 19(19%) > 0.005
CAD 4(4%) 4(4%) > 0.005
CVvD 0(0) 0(0) > 0.005

Data were expressed as mean + standard deviation frequency (N) percentage (%)
COPD: chronic obstructive pulmonary disease DM: diabetes mellitus HT: hypertension CAD: coronary artery

disease CVD: cardiovascular disease.

In the comparison of fluid management
in 1.C.U the amount of fluid replacement
was (3500 + 1980.2) in group (I) and (1913
+ 540) in group (II). The mean unit of red
blood cell transfusion was 0.06+0.23 in

grope (1), 0.66+0.82 in group (II), the mean
total urine output was 475.20+278.29 in
group (I) and 521.00+£309.88 in group (II)
(Table 2).
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Table (2): Comparison of fluid management variables

Groups Group (I) Group (II) P value
Fluid managemen (n=100) (n=100)
I.C.U
Fluid management
Total fluid (mL) 3522+1098.1 1914+542.86 <0.0001
Given ES (pack) 0.42+0.57 0.08+0.27 <0.001
Given FFP (pack) 0.06+0.23 0.00+0.00 > 0.005
Total urine output 475.20+278.29 521.00+309.88 > 0.005
Bleeding amount 286.00+88.08 286.00+70.73 >0.005
Blood transfusion 0.44+0.57 0.66+0.82 >0.125

Data were expressed as mean * standard deviations: estimated FFP: fresh frozen plasma
As comparable both groups, there were 0.23:0.02) in group (II). there were

statistically significant decreases between
two groups Hb 1 PC (12.68+1.69) in group
(1) (12.65+1.57) in group (I). No significant
were found between the groups in Hb 2 PC

significant decrease in group (1) than Group
() in terms of Htc 1 PC (39.14+5.51) in
group (1) (39.07£4.93) in group (I). Also
Htc 2 PC in both groups (Table 3).

(-0.11(-0.23:0.19)

in group (1) (-0.04(-

Table (3): Comparison of hemoglobin and hematocrit percentage change

Groups Group (I) Group (II) P value
Hemoglobin %changes (n=100) (n=100)
Hb 0
Hb 1 PC 12.68+1.69 12.65+1.57 > 0.005
Hb 2 PC -0.11(-0.23:0.19) | -0.04(-0.23:0.02) | >0.003
Htc 0 -0.12+0.09 -0.09+0.06 > 0.005
Htc 1 PC 39.1445.51 39.07+4.93 > 0.005
Htc 2 PC -0.10(-0.22:0.13) | -0.05(-0.19:1.83) | >0.002
Hb PC -0.12(-0.28:1.88) | -0.09(-0.22:0.11) | >0.013
Htc Pc -0.03(-0.30:0.21) | -0.06(-0.27:0.30) | >0.005
-0.03(-0.30:0.23) | -0.07(-0.29:2.13) | >0.005

Hb: Hemoglobin Htc: Hematocrit, PVI: Pleth Variability index, PC Percentage changes.
Data were expressed as mean + SD, median (min: max)

The change from baseline in HR, mean +
SD, beats/min (93.81+8.59) in group (I)
(91.50£6.42) in group (I). No statically
significant difference in the change of any
HR in both groups from baseline.
Significant difference were found between

the two groups in term of MAP, mean + SD,
mmHg  (62.56£5.17) in group (I)
(69.30£5.20) in group (II) from baseline
PVI, mean + SD (%) (17.85+2.58) in group
() (11.65£2.39) in group (1) with
significant difference (Table 4).
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Table (4): Comparison of Hemodynamic percentage value changes

S Group (I) Group (II)
Hemodynamic difference (n=100) (n=100)
HR, mean * SD, beats/min 93.81+8.59 91.50+6.42
MAP, mean + SD, mmHg 62.56+5.17 69.30+5.20™
CVP, mean + SD, mmHg 4.20+2.27 5.15+2.33"
Cl, mean = SD, L/min/m? 2.76+0.20 3.20+0.20™

PVI, mean + SD (%) 17.85+2.58 11.65+2.39™

Values were expressed as mean = SD CI cardiac index, CVP central venous pressure, HR heart rate, PVI pleth

variability index, frequency (N) percentage (%) SD standard MAP: Mean Arterial blood Pressure.

The difference between CVP and PVI
regarding performance at threshold value of
CVP > 5SMM Hg and PVI >14, sensitivity at
threshold value of >14% provided 93%
while CVP group sensitivity 79% and

specificity of PVI was 87%, while CVP was
47%. So, there were significant differences
between CVP and PVI in Sensitivity and

Specificity (Table 5).

Table (5): Comparison of performance between parameters

Performance CVP PVI
Threshold value > 5 mmHg > 14%
Sensitivity 70.83% 93.75%
Specificity 47.5% 87.5%
P-value >0.005 <0.0001

CVP: Central Venous Pressure, PVI: pleth variability index

DISCUSSION

In our present prospective study,
randomized clinical trial involved patients
who had received fluid replacement under
the guidance of either PVI or CVP
monitoring in ICU (Stawicki. et al., 2015).

Mortality and morbidity can be
reduced by proper fluid management in
patients in I.C.U interventions.
Noninvasive monitors, who can measure
parameters continuously and in a dynamic
manner, are becoming increasingly
important. In patients in 1.C.U, Fluid
management is routinely monitored by
measured static preload parameters (heart
rate, MAP and CVP).

In a meta-analysis done by Liu. et al.
(2019), they concluded that PVI has a
good bedside reliability in ICU. Also, it
has a limited ability in prediction of fluid
responsiveness in general (Liu. et al.,

2019) However, Chu, et al. (2019)
showed that PVI had higher sensitivity of
fluid responsiveness in ICU. However,
static parameters fail to track the patient's
response to fluid loading (Bacchin et al.,
2016).

So, PVI measurements have revealed
the circulating blood volume more
effective than CVP measurement that can
be affected by bolus administrations.

PVI is preferable as it decreases
mortality and morbidity incidence (Yu et
al., 2015). Studies have suggested that
dynamic markers, such as PVI, SVV, and
PPV, are more successful and reliable in
evaluating response to fluid management.
However, SVV and PPV are invasive
measurement methods. Automatic and
continuous PVI monitoring is noninvasive
technique that measures the effects of
changes in ventilation on the wavelength
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of the pulse oximetry (Morgam et al.,
2014).

Forget. et al. (2010) reported that high
volume fluid replacement in patient with
the renal failure in intensive care unit
negatively  affected mortality and
morbidity. In follow up study by Willner
et al, (2016), they indicated that fluid
replacement has similar consequence in
high-risk patient.

In the present study, both groups
showed significant difference in initial
MAP between the groups. There was no
significant difference in MAP during the
follow up period (Morgam et al., 2014).

A guide for accurate blood transfusion
strategies, liberal and restrictive form
studies showed that restrictive fluid
management has positive effect rather
than liberal on early prognosis, length of
hospital stay, wound healing, and
pulmonary rehabilitation. The American
society of anesthesia (ASA) reported that
targeted  fluid  therapy  decreases
postoperative complications and length of
hospital stay. In another study (Willner et
al., 2016). Separated patients into two
groups, implementing of liberal blood
transfusion strategy in one group
(intraoperative Hb >10 mg dl -1), and a
restrictive transfusion strategy in the other
group (intraoperative Hb 7-8 mg dl -1). In
addition, more blood transfusion was
performed in the liberal group, whereas
more fluid replacements were performed
in the restrictive group. The need for
postoperative transfusion was greater in
the restrictive group than in the liberal
group due to heart failure, hypotension,
and tachycardia. In the present study, the
amount of intraoperative red blood cell
transfusion was significantly lower in the

group (II). However, there was no
difference in the amount of blood loss
between the groups. In the present study,
the frequency of transfusions was lower in
the group (1I') than in the literature. In the
present study, intraoperative Hb levels
were above 10 mg dl -1 in both groups,
and neither group saw and hemodynamic
change during follow-up that may have
caused Hb deterioration. PVI monitoring
is thought to reflect the blood volume
status more accurately than CVP
monitoring, and it may be more useful in
major surgeries, especially when volume
changes occur that may affect the
hemodynamic, PVI monitoring may also
be a useful guide for accurate blood
transfusion strategies.

Restrictive fluid therapy can ultimately
lead to multiple organ failure or even
death through hypervolemia and organ
dysfunction, whereas exaggeration of
liberal fluid management can lead to
edema, resulting in reduced cardiac
function, pulmonary edema, coagulation
and Dbleeding disorders, and renal
insufficiency. In a Meta —analysis by Jia
et al. (2017) cardiopulmonary
complications were more frequent in
patients undergoing major abdominal
surgery who under liberal fluid
management.

The deleterious effect of over fluid
transfusion on different organs made a
continuous need for new dynamic
indicators for fluid management which are
more preferable than unreliable static ones
(Sakr et al., 2017) That was obvious in
our study as CVP was a weak predictor

for fluid responsiveness with best
threshold value >5 mm Hg of 0.612
(0.502 t0 0.714).
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Dynamic methods in fluid responsiveness
identification are more accurate (Guerin et
al., 2013 and Theerawit et al., 2016), but
some of them require invasive procedures
like arterial line insertion, and also, not all
of them can provide continues readings.
Minimally or non-invasive cardiac output
monitors have the least prerequisites and
can be used in a variety of critically ill
patients for estimating CO rapidly (Jalil
and Cavallazzi, 2018).

CONCLUSION

The present study indicated that PVI
can be wused in assessment of fluid
responsiveness in 1.C.U better than CVP.
It is advantage in non-invasive technique
can be performed at the bedside with
continuance monitoring and more reliable
than other invasive method, and provided
better cardiac stabilization with less fluid
replacement and more accurate result in
the evaluation of body intravascular
volume status.
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