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ABSTRACT

Objective: To prevent complications during major surgery, it is important to monitor blood and
fluid treatment. The Pleth Variability index (PVI) allows noninvasive assessment of fluid manage-
ment. It is based on respiratory changes in arterial pulse pressure. In our study, we aimed to
compare the management in terms of variations in PVI in response to fluid loading in the moni-
torization of intraoperative fluid management in major surgery using classical calculation meth-
od and CVP

Method: The patients were randomized into two equal (n=50) groups. In Group C, the required
amount of fluid replacement was carried out with crystalloid solutions using the 4-2-1 rule and
by calculating fasting, maintenance, and insensible losses. In the PVI group, 250 mL of crystalloid
solution was administered in 5 minutes to patients with a PVI greater than 14%, patients with a
PVI less than 14% were administered a fluid infusion with an initial dose of 4 mL kg™* h*.
Results: In the comparison of intraoperative fluid management the amount of intraoperative
fluid replacement was 3522+1098.1 mL in Group C and 1914+542.86 mL in Group PVI (p<0.05).
The mean amount of intraoperative red blood cell transfusion was 0.42+0.57 unit in Group C and
0.0840.27 unit in Group PVI (p<0.05). There were no significant differences between the groups
in terms of postoperative red blood cell transfusion (p>0.05) or intraoperative hemoglobin levels
(p>0.05).

Conclusion: It has been thought that PVI assessment is more valuable than CVP monitoring
because it is noninvasive and thus provides better cardiac stabilization with less fluid replace-
ment. It can also provide more accurate results when evaluating intravascular volume status.

Keywords: Spinal surgery, Pleth variability index, fluid management, noninvasive
6z

Amag: Majér cerrahilerde komplikasyonlari 6nlemek igin, kan ve sivi tedavisini izlemek 6nemlidir.
“Pleth Dediskenlik indeksi” (PDI) sivi tedavisinin invaziv olmayan élgiimiine olanak sadlayan,
temeliarteriyel nabiz basincindaki solunumsal degisikliklere dayanan bir yéntemdir. Calismamizda,
majér cerrahide intraoperatif sivi yénetiminin, klasik hesaplama yéntemi ve SVB ile takibinin, sivi
yliklemesine verilen PVI dedisikliklerine gére yénetimin karsilastirilmasi amaglanmistir.

Yéntem: Hastalar randomize olarak 2 esit gruba (n=50) ayrildi. Grup C’de sivi gereksinimi aglik,
idame ve insensibl kayip 4-2-1 kuralina gére hesaplanarak kristalloid ile karsilandi. Grup PDI’de
PDI dederi 14’iin iistiinde olan hastalara 250 mL kristalloid 5 dk’da gidecek sekilde verildi. PDI
dederi 14’in altinda olan hastalara 4 mL kg™ sa* sivi inflizyonu agildl.

Bulgular: Gruplarin intraoperatif sivi yénetimlerinin karsilastirmasinda; Grup C’de intraoperatif
verilen sivi miktari 3522+1098.1 mL ve Grup PDI de intraoperatif verilen sivi miktari 1914+542.86
ml (p<0.05). Grup SVB’de intraoperatif verilen eritrosit siispansiyonu 0.42+0.57 (inite ve Grup
PDI’de intraoperatif dsnemde verilen eritrosit siispansiyonu 0.08+0.27 iinitedir (p<0.05). Gruplar
arasinda postoperatif eritrosit stispansiyonu transfiizyonu miktari ve intraoperatif hemoglobin
diizeyleri arasinda anlamli fark yoktur (p>0.05).

Sonug: Sonug olarak, PDi yéntemi ile sivi takibinin SVB izlemi ile takibe gére noninvaziv olmasi, daha
az swvi ile daha iyi kardiyak stabilizasyon saglanabilmesi ve hastanin intravaskiiler voliimiinii deger-
lendirmede daha dogru sonuglar verebilmesi nedeniyle degerli bir yéntem oldugu diistindld(i.
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INTRODUCTION

No standard of intraoperative fluid management
during major surgical interventions has yet been
established. However, excessive fluid replacement
harms cardiac and pulmonary functions, gastrointes-
tinal motility, tissue oxygenation, wound healing,
and coagulation, while the life-threatening consequ-
ences of inadequate fluid support include lactic aci-
dosis, acute renal insufficiency, and multiple organ
failure +2),

Conventionally, parameters such as heart rate, blood
pressure, urine output, and central venous pressure
(CVP) are measured during surgery to calculate
blood loss and the necessary amount of fluid &4,
Currently, invasive measures, such as pulse pressure
variation (PPV) and stroke volume variation (SVV)
have been used instead of static measurement of
cardiac filling pressures. These parameters are dyna-
mic and based on interaction between the heart and
lungs during mechanical ventilation. However, inva-
sive monitoring is often difficult, and thus minimally
invasive methods are preferred ). In particular, tran-
sesophageal and transthoracic echocardiography
constitute minimally invasive functional hemodyna-
mic monitoring. These methods measure the respi-
ratory changes in blood flow 9,

Recently, the Pleth Variability Index (PVI) has been
used increasingly for noninvasive assessment of fluid
management. It is based on respiratory changes in
arterial pulse pressure 7. The PVI is preferred beca-
use (1) it is noninvasive, (2) the sensor can be easily
inserted, and (3) it allows continuous measurement
at the bedside ©,

In the present study, to monitor fluid management
during major surgical interventions, we aimed to
compare fluid loading-induced changes as assessed
using PVI, CVP and classical parameters.

MATERIALS and METHODS

The present study was carried out in patients who
underwent elective posterior lumbar stabilization
surgery at the Medical Faculty Hospital of Celal Bayar
University between December 17, 2014 and
December 17, 2015. The study was approved in

advance by the Non-Interventional Clinical Trials
Ethics Committee of Celal Bayar University Faculty of
Medicine (registration number: 20478486-404). On
the basis of a sample size analysis with a power of
0.70 and an effect size of 0.50, 100 patients aged >
18 years and with an ASA status of | or Il were inclu-
ded in the present study. The patients were ran-
domly divided into two groups of 50 using the
closed-envelope method. The cut-off value of PVI
was established as 14% ©). We excluded patients who
(1) provided no written consent, (2) were under 18
years of age, (3) had peripheral arterial disease, (4)
showed echocardiographic findings of systolic or
diastolic heart failure, cardiac arrhythmia, or renal
insufficiency with associated fluid electrolyte imba-
lance, and (5) had received any fluid infusion in the
24 hours before surgery.

The patients were premedicated with intravenous
midazolam at a dose of 0.01 mg kg in the operation
room, and monitored using standard methods (elect-
rocardiogram, noninvasive blood pressure, periphe-
ral oxygen saturation, end-tidal CO, pressure [ETCO,],
nasopharyngeal temperature and bispectral index
[BIS; Aspect 1000 Systems, Aspect Medical Systems
Inc., Natick]).

The patients were administered propofol (2 mg kg?),
fentanyl (2 ug kg*), and rocuronium (0.6 mg kg?) to
induce anesthesia, and endotracheal intubation was
then performed. Arterial monitoring was performed
using the radial artery, while central venous cathete-
rization was carried out using the internal jugular
vein. A mixture of sevoflurane (2%), air (50%), and
oxygen (50%) was used to maintain anesthesia.
Ventilation was performed in a volume-controlled
manner, with a tidal volume of 7 mL kg* and a respi-
ratory rate of 12-16/min to provide an ultimate
ETCO, of 32-35 mmHg. In Group C, fluids were repla-
ced with crystalloid solutions using the 4-2-1 rule
and by calculating fasting, maintenance, and insen-
sible losses. In Group PVI, a PVI probe (Radical-7®;
Masimo Corp., Irvine, CA, USA) was placed on the
patients’ index finger and protected from light; no
invasive arterial monitoring was carried out. A perip-
heral 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 every 5 minutes, whereas a fluid infu-
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sion was delivered at a dose of 4 mL kg? h to pati-
ents with a PVI <14%. Intraoperative blood loss was
calculated by adding the amount of blood in the
aspirator, and weighing the surgical compress and,
sponge, etc., and the blood loss was replaced.

All patients were evaluated intraoperatively at 0, 5,
10, 30, 60, 90, and 120 minutes, as well as at the end
of surgery. Specifically, heart rate, mean arterial
pressure (MAP), peripheral oxygen saturation, and
CVP were measured. Furthermore, lactate, hemoglo-
bin (Hb), and hematocrit levels were recorded at the
beginning, middle, and end of surgery. In the PVI
group, total Hb levels and PVI values were also recor-
ded at 5-minute intervals.

The data were compared both within and between
the groups, and the correlation between PVI and
CVP changes due to fluid management during the
operation was assessed.

Statistical analysis

For statistical analyses, IBM SPSS version 21 (IBM Corp.
Released 2012. IBM SPSS Statistics for Windows,
Version 21.0. Armonk, NY: IBM Corp.) was used.
Shapiro- Wilks test was used to analyze normality of
the distribution of variables. Descriptive statistics were
given as mean * standard deviation or median (min-
max) for continuous variables. Group comparisons
were performed using the Mann-Whitney U test and t
test, intragroup comparisons were performed using
the paired t test and Wilcoxon test. In order to compa-
re repeated measures the changes from the baseline,
and percentage change [= (last-baseline)/baseline]
values were calculated from the baseline. Pearson chi-
square test or Fisher’s Exact test was used to compare
categorical data. Categorical data were given as n and
%. Statistical significance was accepted at p<0.05.

RESULTS

No differences were found between the groups in
terms of demographic data, comorbidities, surgical
indications, or surgical levels (p>0.05). There were
statistically significant differences in the distribution
of the diagnoses, and surgical indications (p=0.004).
Trauma patients were more numerous in Group C
while greater number of spinal stenosis patients
were found in Group PVI (Table I).
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Table I. Demographic data

Group C Group PVl P value
(n=50) (n=50)
Sex (female) 33 (66%) 36 (72%) 0.665
Age (year) 57.38+11.1 54.4+11.71 0.208
BMI 27.251+4.64 27.52+4.57  0.775
Weight (kg) 77.66+12.61 77.2+14.03 0.881
Surgical indications
Spinal Stenosis 31 (62%)? 45 (90%)°
Spondylolisthesis 9 (18%)? 3 (6%)? 0.004*
Trauma 10 (20%)? 2 (4%)°
Operative level
2 levels 18 (36%) 11 (22%)
3 levels 1(2%) 3 (6%) 0.373
4 levels 28 (56%) 32 (64%)
5 levels 3 (6%) 4 (8%)
Comorbidities
CoPD 1(2) 1(2) 1.000
DM 13 (26) 13 (26) 1.000
HT 19 (38) 11 (22) 0.081
CAD 4(8) 1(2) 1.000
CVvD 0(0) 1(2) 1.000

* Surgical indications was statistically significant between groups.
Trauma patient was higher in Group C while Spinal stenosis patient
was higher group PVI.

Data were expressed as mean + SD, frequency (n) and percentage
(%) BMI: Body Mass index, COPD: Chronic Obstructive Pulmonary
disease, DM: diabetes mellitus, HT: hypertension, CAD: coronary
artery disease, CVD: Cerebrovasculer disease, PVI: Pleth Variability
Index

When the changes from baseline in CVP values were
compared between groups, there were no statisti-
cally significant difference in the changes of CVP
values at 5, 10, 90, 120, 150 minutes and final values
from baseline. However, there were statistically sig-
nificant differences in the changes of CVP values at
30 and 60 minutes from baseline (p<0.05) (Table II).

Table Il. CVP percentage value changes

Group C Group PVI P value

(n=50) (n=50)
CVPO 10.02+3.68 10.88+3.75 0.251
CVP5 0.00 (0.00:0.07) 0.00 (0.00:0.06) 0.576
CVP 10 0.00 (0.00:0.07) 0.00 (0.00:0.17) 0.092
CVP 30 0.00 (-0.81:1.00) 0.00 (-0.82:2.40)  0.028*
CVP 60 -0.13 (-0.81:3.00) 0.00 (-0.67:2.20)  0.018*
CVP 90 -0.08 (-1.00:4.33) 0.00 (-0.67:2.17)  0.069
CVP 120 -0.13 (-1.00:3.33) 0.05 (-0.64:2.80) 0.157
CVP 150 -0.13 (-1.00:3.33) 0.03 (-0.64:2.80)  0.191
CVP END 0.00 (-1.00:4.00) -0.04 (-0.73:2.00) 0.525

CVP: Central Venous Pressure, PVI: Pleth Variability index
Data were expressed as mean+SD, frequency (n) and percentage (%)

When the alteration from baseline at the 30" minute
were examined, the alteration in both groups did not
change on average from baseline. However, higher incre-
ases were observed in the PVI group (p=0.028) (Table II).
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When the changes in CVP values at 60 minutes from
baseline were examined, there was a 13% decrease
in Group C, whereas there was no change in the PVI
group (0.00%). The changes were statistically signifi-
cant (p=0.018) (Table II).

When the changes from baseline in HR values were
compared between groups, there are no statistically
significant difference in the changes of any HR value
from baseline (Table IlI).

No significant differences were found between the
groups in terms of MAP measurements at 5,10 and
60 minutes relative to baseline (Table Ill). The mea-
surements in Group PVI were lower than Group C.
(Table 1V).

The mean volume of intraoperative fluid replace-
ment was 3522+1098.1 mL in Group C and

Table lll. Comparison of heart rate (beat/minute) percentage va-
lue changes between groups

Group C Group PVI P value
(n=50) (n=50)
HRO 77.5 (53:112) 83.5(57:160) 0.106
HR 5 0.00 (-0.23:0,25) -0.04 (-0.51:0.50)  0.170
HR 10 -0.03 (-0.35:0,42) -0.04 (-0.90:0.34)  0.909
HR 30 -0.15 (-0.35:0.23) -0.18 (-0.53:0.42)  0.072
HR 60 -0.17 (-0.37:0.32) -0.21(-0.51:0.19)  0.102
HR 90 -0.18 (-0.41:0.37) -0.19 (-0.54:0.27)  0.513
HR 120 -0.14+0.16 -0.1840.15 0.205
HR150 -0.11+0.16 -0.15+0.16 0.173
HR END -0.09 (-0.42:0.40) -0.06 (-0.48:0.81)  0.477

1914+542.86 mL in Group PVI (p<0.05). The mean
unit of intraoperative red blood cell transfusion was
0.42+0.57 unit in Group C and 0.08%0.27 unit in
Group PVI (p<0.05). The mean unit of fresh-frozen
plasma transfused was 0.06+0.23 unit in Group C,
whereas in Group PVI fresh-frozen plasma transfusi-
on was not performed (p>0.05; Table IV). The mean
intraoperative urine volume was 475.2+278.29 mL in
Group C and 521+309.88 in Group PVI (p>0.05; Table
IV). The mean amount of intraoperative bleeding
was 286+88.08 mL in Group C and 286+70.73 in
Group PVI (p>0.05; Table V). The mean volume of
postoperative red blood cell transfusion was
0.4440.57 unit in Group C and 0.66+0.82 unit in
Group PVI (p>0.05; Table V).

Table V. Comparison of intraoperative fluid management vari-
ables

Group C Group PVI P value
(n=50) (n=50)
Intraoperative
fluid management
Total fluid (mL) 3522+1098.1 1914+542.86 0.0001

Given ES (pack)
Given FFP (pack)
Total urine output
Bleeding amount
Postoperative blood
transfusion

ES 0.44+0.57
Intraoperative lactate

values

0.42+0.57 0.08+0.27 0.000
0.06+0.23 0.00+0.00 0.080
475.20+278.29 521.00+309.88 0.439
286.00+88.08  286.00+70.73  1.000

0.66+0.82 0.125

Lactate 2 PC
Lactate 3 PC

0.04 (-0.78:1.60) 0.21(-0.40:1.33) 0.071
0.05 (-0.38:2.40) 0.43(-0.38:3.43) 0.005*

MAP: Mean Arterial Pressure, HR: Heart Rate, PVI: Pleth Variability
Index

Data were expressed as mean+SD, frequency (n) and percentage
(%)

Table IV. Comparison of mean arterial pressure (mmHg) percen-
tage value changes between groups

ES: Eritrocyte Suspension, FFP: Fresh Frozen Plasma, PVI: Pleth Va-
riability Index, PC: percentage changes
Data were expressed as mean * SD, median(min:max).

Table VI. Comparison of intraoperative and postoperative he-

Group C Group PVI P value
(n=50) (n=50)

MAP O 101.62+20.43 109.48+14.64 0.030
MAP 5 -0.08 (-0.46:0.31) -0.08 (-0.49:0.17)  0.301
MAP 10 -0.08 (-0.46:0.29) -0.22 (-0.50:0.30)  0.347
MAP 30 -0.23 (-0.57:0.41) -0.32 (-0.48:-0.10)  0.009*
MAP 60 -0.26 (-0.53:0.25) -0.32 (-0.54:0.01)  0.087
MAP 90 -0.24 (-0.55:0.46) -0.31(-0.48:0.01) 0.014*
MAP 120 -0.24 (-0.52:0.31) -0.35(-0.51:0.00) 0.012*
MAP 150 -0.22 (-0.50:0.34) -0.32 (-0.50:-0.06)  0.007*
MAP END -0.0610.24 -0.14+0.17 0.044*

moglobin and hematocrit percentage changes

Group C Group PVI P value
(n=50) (n=50)
Hb O
Hb 1 PC 12.68+1.69 12.65+1.57 0.908
Hb 2 PC -0.11(-0.23:0.19)  -0.04 (-0.23:0.02)  0.003*
Htc 0 -0.12+0.09 -0.0910.06 0.081
Htc 1 PC 39.1445.51 39.07+4.93 0.951
Htc 2 PC -0.10(-0.22:0.13)  -0.05(-0.19:1.83)  0.002*
Postop Hb PC  -0.12(-0.28:1.88) -0.09(-0.22:0.11) 0.013*
Postop Htc PC  -0.03(-0.30:0.21)  -0.06 (-0.27:0.30)  0.434
-0.03(-0.30:0.23)  -0.07 (-0.29:2.13)  0.288

MAP: Mean Arterial Pressure, HR: Heart Rate, PVI: Pleth Variability
Index

Data were expressed as mean * SD, frequency (n) and percentage
(%)

Hb: Hemoglobin Htc: Hematocrit, PVI: Pleth Variability Index, PC:
Percentage changes
Data were expressed as mean * SD, median(min:max).
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No significant difference was found between the
groups as for lactate 2 measurements when compa-
red from baseline (p=0.081) (Table V). There were
statistically significant increases between groups in
lactate 3 measurements when compared from base-
line. The increases were 5% in Group C and 43% in
Group PVI (p=0.005) (Table V).

There were statistically significant decreases betwe-
en groups in Hb1l measurements when compared
from baseline. The decreases was 11% in Group C
and 4% in Group PVI (p=0.003). No difference were
found between the groups in terms of Hb 2 measu-
rements. (p=0.081) (Table VI). There were statisti-
cally significant decreases in Group C than Group PVI
group in terms of Htc 1 and Htc 2 measurements
when compared from baseline (p<0.05). In Hb 1
measurements the decreases were 11% in Group C
and 4% in Group PVI. The decreases in Hb 2 measu-
rements in Group C and PVI were 12, and 9, respec-
tively (Table VI).

There were no statistically significant difference bet-
ween groups in terms of postoperative Hb and Htc
measurements when compared from baseline
(p>0.05) (Table VI).

DISCUSSION

In the present prospective, randomized clinical trial
involving patients who had received intraoperative
fluid replacement under the guidance of either PVI
or CVP monitoring, the amounts of intraoperative
red blood cell transfusion and fluid replacement
were significantly lower in Group PVI, whereas there
was no significant difference between the groups in
terms of postoperative red blood cell transfusion or
perioperative Hb and hematocrit values.

Mortality and morbidity can be reduced by proper
fluid management in patients undergoing major sur-
gical interventions ©. Therefore, noninvasive moni-
tors, which can measure parameters continuously
and in a dynamic manner, are becoming increasingly
important 9, In patients undergoing major surgery,
fluid management is routinely monitored by measu-
ring static preload parameters (heart rate, MAP and
CVP). However, these parameters fail to track the
patient’s response to fluid loading. Stanislav et al.

22

JARSS 2020;28(1):18-25

followed up patients monitored using CVP, and the
bolus administration of fluids caused elevations in
CVP values %, In the present study, the baseline CVP
values were comparable between groups. However,
from the 30" and 60™ minutes onwards, the CVP
values were significantly higher in Group PVI than in
Group CVP. This difference was not observed at the
end of the operation, when the CVP measurements
were once again comparable between the groups.
We posit that this difference in CVP values during
follow-up was related to bolus fluid administration in
Group PVI. Indeed, a meta-analysis by Marik et al. #?
showed that there is not always a relationship bet-
ween circulating blood volume and CVP. In the pre-
sent study, there were higher CVP values in Group
PVI, even though the intra-group comparison sho-
wed no significant differences. This suggests that PVI
measurement reveals the circulating blood volume
may be more effective than CVP measurement,
which can be affected by bolus administrations.

Bouchard et al. *¥ reported that high-volume fluid
replacement in patients with renal failure in intensive
care units negatively affects mortality and morbidity,
and a perioperative fluid follow-up study by Renata et
al. ™ indicated that perioperative fluid replacement
has similar consequences in high-risk surgeries. In the
present study, in both groups the intra-group compa-
risons showed a significant difference in terms of
changes in heart rates, which are eamong the indica-
tors of fluid deficit. However, there was no difference
between the groups in this regard. Furthermore,
while there was a clinically insignificant difference in
initial MAPs between the groups against the favor of
CVP group, there was no difference in MAP during the
follow-up period. Nonetheless, the cardiac effects of
anesthetics may also have caused the intra-group dif-
ferences in heart rate and MAP (1516),

Recent studies have suggested that dynamic mar-
kers, such as PVI, SVV, and PPV, are more successful
and reliable in evaluating response to fluid manage-
ment ©71718)  However, SVV and PPV are invasive
measurement methods. Automatic and continuous
PVI monitoring is a noninvasive technique that mea-
sures the effects of changes in ventilation on the
wavelength of the pulse oximetry "9, In patients
undergoing major spinal surgery, intraoperative fluid
management is a controversial issue. In such cases,
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rather than liberal fluid management, restrictive
fluid management is reported to have positive effects
on early postoperative prognosis, length of hospital
stay, wound healing, and pulmonary rehabilitation
19 1n a meta-analysis of randomized controlled trials
comparing perioperative targeted fluid therapy with
standard fluid therapy, the American Society of
Anesthesia (ASA) reported that targeted fluid the-
rapy decreases postoperative complications and
length of hospital stay %,

In another study, Carson et al. ?!) separated patients
into two groups, implementing a liberal blood trans-
fusion strategy in one group (intraoperative Hb > 10
mg dL?) and a restrictive transfusion strategy in the
other group (intraoperative Hb 7-8 mg dL?). In addi-
tion, more blood transfusions were performed in the
liberal group, whereas more fluid replacements
were performed in the restrictive group. The need
for postoperative transfusion was greater in the rest-
rictive 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 PVI group.
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 PVI
group of than in the literature. In the present study,
intraoperative Hb levels were above 10 mg dL?! in
both groups, and neither group saw any hemodyna-
mic change during follow-up that may have caused
Hb deterioration. PVl monitoring is thought to ref-
lect 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 hemodynamics. PVI monitoring
may also be a useful guide for accurate blood trans-
fusion strategies.

Poorly managed, restrictive fluid therapy can ultima-
tely lead to multiple organ failure or even death
through hypovolemia and organ dysfunction, where-
as exaggeration of liberal fluid management can lead
to edema, resulting in reduced cardiac function, pul-
monary edema, coagulation and bleeding disorders,
and renal insufficiency . In a meta-analysis by Feng
Ju Jia et al. ® cardiopulmonary complications were
more frequent in patients undergoing major abdo-
minal surgery who under liberal fluid management.

In another meta-analysis by Corcoran et al. ®”where
fluid regimens during major surgical interventions
were investigated, liberal fluid management was
associated with increased pulmonary complications,
pulmonary edema, and pneumonia.) In their study
about intraoperative PVI-based fluid management in
patients undergoing major abdominal surgery, Yinan
et al. ® found that fluid replacement was lower in
the PVI group than in the CVP group. Moreover,
Forget et al. ?® in their study on intraoperative PVI-
based fluid management in patients undergoing
major abdominal surgery also found that fluid repla-
cement was smaller in the PVI group. In the present
study, the amount of fluid replacement was higher in
Group CVP than in Group PVI. Thus, our findings are
comparable with those in the literature. In addition,
in the correlation analysis, we found a significant
correlation between PVI and CVP. Thus, the reason
may be that less fluid was used in the PVI group
because intravascular fluid status can be better
determined using PVI monitoring. In the present
study there were no differences between the groups
in terms of postoperative blood transfusion.

In reconstructive and multi-level spinal surgeries,
severe intraoperative bleeding and blood loss can
occur, thus increasing the need for blood transfusion
@7 In the present study, although the Hb and hema-
tocrit levels were lower than baseline in the blood
gas analysis, the difference was thought to be clini-
cally insignificant, because the Hb levels were above
10 mg dL? in both cases.

Lactate is an important parameter indicating tissue
perfusion and volume status @, In the present
study, the increase in final intraoperative lactate levels
in both groups was statistically significant against the
favor of PVI group. However, this result may not be
clinically significant because the lactate levels were
below the limit value of 2 mmol L* in both groups.

In conclusion, the present study has indicated that
PVI monitoring is more valuable than CVP monito-
ring because it is noninvasive, provides better cardi-
ac stabilization with less fluid replacement, and
more accurate results in the evaluation of intravas-
cular volume status. Failure to follow up the duration
of surgery and postoperative complications are the
most important limitations in our study.
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