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Background. Target-controlled infusion (TCI) propofol and sevoflurane are common agents for general anesthesia, including for
kidney transplantation procedure. 'is study compared the effect of TCI propofol and sevoflurane on intraoperative hemo-
dynamic profile in kidney transplant patients.Methods. A single-blinded prospective study was performed in 46 kidney transplant
recipients who were randomized into receiving TCI propofol or sevoflurane as anesthetics maintenance. Hemodynamic pa-
rameters such as mean arterial pressure (MAP), cardiac index (CI), stroke volume index (SVI), and systemic vascular resistance
index (SVRI) were measured at baseline before induction, postintubation, first surgical incision, every 15 minutes after the first
incision, reperfusion, and 15 minutes after reperfusion. Data were analyzed using unpaired t-test, paired t-test, and general linear
model. Results. Intraoperative MAP, CI, SVI, and SVRI changes were similar in both groups (p � 0.480, 0.216, 0.086, and 0.054). In
comparison to the baseline value, TCI propofol and sevoflurane groups showed significant reductions of MAP at postintubation
(p � 0.010; p< 0.001) and during the first surgical incision (p � 0.009; p< 0.001); significant reduction of CI at postintubation
(p � 0.003; p< 0.001) and during the first surgical incision (p< 0.001; p< 0.001); significant reduction of SVI at postintubation
(p � 0.013; p � 0.008), during the first surgical incision (p � 0.008; p � 0.003), and 15 minutes after reperfusion (p � 0.010;
p � 0.005); and significant increasing of SVRI during the first surgical incision (p � 0.007; p � 0.005). 'e TCI propofol group
showed significantly lower SVRI compared to the sevoflurane group postintubation (p � 0.029) and during the first surgical
incision (p � 0.026). Conclusion. Intraoperative hemodynamic profile was similar between the TCI propofol and sevoflurane
group during kidney transplant surgery. 'e TCI propofol group had higher CI and SVI but showed significantly lower SVRI as
compared to the sevoflurane group.'e incidence of postanesthesia agitation, postoperative outcome, and complication were not
significantly different between the two groups.

1. Introduction

Kidney transplantation is one of the preferred treatments for
end-stage renal disease (ESRD) with the increasing rate of
success and high quality of life outcome, compared to pa-
tients who did not undergo kidney transplantation [1–4].
Chronic kidney disease (CKD) is a clinical syndrome related

to the metabolic and systemic disorder caused by gradual
homeostatic and kidney excretion decline as a result of ir-
reversible kidney damage.'e failing of kidney function will
have negative effects on many other organ systems [4–7].
'e cardiovascular disorder evolves at the early stage of CKD
and often shows as the coronary and brain ischemic vascular
diseases. Systemic hypertension, dilated cardiomyopathy,
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and concentric ventricular hypertrophy are caused by an
increase of cardiac output in response to increase in in-
travascular volume, pressure overload, anemia, and in-
creased vascular resistance due to a high level of renin-
angiotensin released by the damaged kidney. Arterioscle-
rosis is a vascular disorder in CKD which can be quickly
developed by having diabetes and dyslipidemia [5, 6, 8].

Cardiovascular disturbance is the main cause of mor-
bidity and mortality in CKD patients. It almost reached 50%
of all mortality causes in CKD with dialysis and the highest
cause of perioperative transplant deterioration, which could
lead to delayed graft function [8, 9]. Patient comorbid factor
in addition to anesthetic agent effect is the challenge for an
anesthesiologist to maintain the intraoperative hemody-
namic stability during transplantation surgery [10]. He-
modynamic parameters including cardiac output (CO),
stroke volume (SV), and systemic vascular resistance (SVR),
or which indexes according to body surface area (BSA) and
mean arterial pressure (MAP) are continually recorded
through a semi-invasive monitor during and after surgery.
Intraoperative monitoring and using an appropriate anes-
thetic regimen that assures hemodynamic stability in kidney
transplantation are important to prevent delayed graft
function of the new kidney and decrease the risk of post-
operative dialysis [5, 8, 11]. 'e use of drugs with low
metabolism, short half-life, and extrarenal clearance should
be the choice to allow a rapid emergence with early cognitive
and psychomotor function recovery [12].

'e general anesthesia with an inhalational agent, in-
travenous (IV), or combination are anesthesia techniques
routinely used in kidney transplantation [3, 13]. Sevoflurane
is the volatile anesthetic agent commonly used for its
nonpungent and less irritating characteristics [2]. Sevo-
flurane is a fast onset anesthesia inhalation agent and is more
commonly used in kidney transplantation compared to
isoflurane and desflurane [2]. Propofol is a short-acting IV
anesthetic agent, also used during transplantation pro-
cedures. Pharmacokinetic models for target-controlled in-
fusion (TCI) have facilitated the gradual and controlled
administration of propofol, mainly through the total in-
travenous anesthesia (TIVA) technique [14]. 'e car-
dioprotective effects between volatile agents and propofol
differ in their mechanism [15].

Depending on the timing of administration, anesthetic
agents such as sevoflurane, isoflurane, and to a lesser extent
propofol may induce biochemical changes that may atten-
uate ischemia-reperfusion injury (IRI). Conditioning effects
of volatile anesthetics on the heart and kidney were ex-
amined in vitro, in animal models, and in randomized
controlled clinical trials. 'e results remain conflicting since
the translation of protective effects by volatile anesthetics
from experimental models of IRI into clinical study does not
significantly improve patient’s morbidity and long-term
outcome compared with a propofol-based anesthetic tech-
nique. Only several small sample size studies that lack
blinding design showed sevoflurane was associated with a
lower incidence of late adverse cardiac events. Besides the
mode of administration of the anesthetic agent, the study of
anesthetic-induced conditioning in clinical setting depends

on many interacting factors and disease states as the con-
foundings, especially in noncardiac surgery [15–18]. Sevo-
flurane and propofol have some cardiovascular side effects,
mainly negative inotropic effect from the volatile agent and
predominantly vasodilatory effect of propofol [14, 19–22].
Some reports showed propofol has lower incident of
hangover and emergence agitation incidences in contrast to
sevoflurane [23]. Besides the clinical safety-efficacy and
pharmacokinetic profile for a particular surgical procedure
such as kidney transplant, the selection of an anesthetic
agent should be considered for its feasibility and cost-ef-
fectiveness [24].

Our study aimed to compare the effects between TCI of
propofol and sevoflurane on intraoperative hemodynamic
profile in the kidney transplant recipient. We hypothesized
that TCI of propofol resulted in more stable intraoperative
hemodynamics in the kidney transplant recipient than
sevoflurane as the anesthesia maintenance agent. 'e he-
modynamic parameters recorded as our primary outcomes
were intraoperative cardiac index (CI) and MAP. 'e sec-
ondary outcomes were stroke volume index (SVI) and
systemic vascular resistance index (SVRI). Other variables
and outcomes such as intraoperative fentanyl consumption,
minimum-maximum range of vasoactive dosage, post-
anesthesia agitation, urine production, delayed graft func-
tion, and the expenditure of propofol and sevoflurane as the
anesthesia maintenance were analyzed.

2. Materials and Methods

2.1. Ethical Consideration. 'is prospective randomized
open-label controlled study was approved by the Ethics and
Research Committee of Universitas Indonesia (approval no.
600/UN2.F1/ETIK/2017) and was registered on July 11,
2017, in clinicaltrials.gov (NCT03214653).

2.2. Sample Size and Patient Enrolment. Sample size calcu-
lation was based on the hypothesis that TCI propofol
provides stability in intraoperative hemodynamic as a single
agent. According to previous studies [25–27], the mean
decrease in MAP after induction was 23 (SD� 8) and CI was
2.6 (SD� 0.19) in TCI propofol groups, and the mean de-
crease in MAP after induction was 28 (SD� 5) in the sev-
oflurane group, and CI was 2.0 (SD� 1.03) in the sevoflurane
group. A difference of 20% in CI and MAP between the 2
groups after induction was considered as clinically relevant.
With a common standard deviation of 6, a sample size of 23-
24 patients in each group was determined with a statistical
power of 0.8 and a type-1 error of 0.05 using the sample size
calculator (http://www.stat.ubc.ca). 'is study recruited a
total of 50 patients to allow 10% dropouts. All patients
provided written informed consent prior to participation.
'e inclusion criteria were kidney transplant recipient, age
between 20 and 75 years, body mass index (BMI) 18–35 kg/
m2, and Charlson’s Comorbidity Index (CCI) score 1–4.
Exclusion criteria were blood loss >15mL/kg and hyper-
acute graft rejection with hemodynamic instability. Ran-
domization was performed by an attending anesthetist
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through a sealed envelope. Patients were equally assigned
into the TCI propofol or sevoflurane group.

2.3. Anesthesia Procedure. All patients received ranitidine
(50mg IV), ondansetron (4mg IV), methylprednisolone
(500mg IV), and cefoperazone (1 g IV) prophylactic anti-
biotics in the preparation room. All patients had electro-
cardiography (ECG), oxygen saturation, noninvasive blood
pressure monitoring, and bispectral index (BIS). 'e pa-
tients received premedications of midazolam (2mg IV) and
fentanyl (1mcg/kg IV), and then the arterial cannula at the
radial artery and central vein catheter at the subclavian or
internal jugular vein were inserted with local anesthetic and
ultrasonography (USG) guidance. Baseline hemodynamic
parameter was recorded through the pulse contour analysis
method using a semi-invasive monitor EV1000™ (Edwards
Lifesciences, Irvine, California) before anesthesia induction.
'e anesthesia induction was performed with fentanyl
(3mcg/kg IV) and propofol (1–1.5mg/kg IV). 'e endo-
tracheal tube (ETT) intubation was facilitated with atra-
curium (0.5mg/kg IV). 'e ventilator was set to volume
control with tidal volume 8–10ml/kg, PEEP 5 cmH2O, and
FiO2 30–50% and breathing frequency was adjusted with
ETCO2 target of 35–45mmHg and oxygen compressed air
ratio of 40 : 60. 'e anesthesia was maintained using sevo-
flurane for the control group or TCI propofol using the
Schnider model by entering age, gender, height, and total
body weight (TBW) to calculate lean body weight
(1.1×TBW− 128× (weight/height)2 and effect-site concen-
tration target (CE) setting for the intervention group,
according to the randomization along with the BIS target of
45–55. Intraoperative analgesia was maintained by contin-
uous fentanyl (1mcg/kg/hour IV), with extra 1mcg/kg IV
boluses if the heart rate increases >20%. Muscle relaxant
atracurium (0.5mg/kg/hour) was administered continu-
ously with a target of train of four ratio ≤25% during surgery.
'e MAP was maintained at 70–90mmHg with vasoactive
and inotropic agents as necessary. Mannitol 20% (0.5mg/kg
IV) was administered during the cold ischemic time, and
furosemide (1mg/kg IV) boluses were given during the
warm ischemic time before the reperfusion. All patients had
an epidural catheter inserted after the completion of surgery
for postoperative pain management.

2.4. Sample Collection and Statistical Analysis. 'e artery
cannula was inserted at the radial or brachial artery and
connected to a semi-invasive monitor EV1000™ to measure
the CI, SVI, and SVRI continuously by pulse contour
analysis [20, 28, 29]. 'e value of CI, MAP, SVI, and SVRI
was recorded before induction as baseline (T0), at 5 minutes
postintubation (T1), first surgical incision (T2), every 15
minutes after incision (T3–T12), reperfusion (T13), and
another 15 minutes after reperfusion as 15 minutes after
reperfusion (T14). Intraoperative fentanyl consumption,
minimum-maximum vasoactive dosage, urine production,
the incidence of postanesthesia agitation, delayed graft
function, and the expenditure of propofol and sevoflurane as
the anesthesia maintenance were analyzed. 'e

postanesthesia agitation was assessed during emergence and
after extubation using Riker sedation-agitation whether the
patients were calm, awakening easily, followed the in-
structions, anxious but calm with verbal commands (scale
3–5), or uncooperative such as not calm despite the verbal
commands, bit or dragged the ETT, raised bedside bars, tried
to remove catheter, attacked people, and showed struggles
[30]. Delayed graft function was evaluated if there was an
increase in serum creatinine, oliguria, and the requirement
for dialysis in the first postoperative week.

Categorical data were presented in total (%) and ana-
lyzed with chi-square test. Numerical data were analyzed
with unpaired t-test or Mann–Whitney test, paired t-test
within each group, and general linear model (GLM) between
two groups, with p< 0.05 considered as statistically signif-
icant, using Statistical Package for Social Scientist (SPSS)
version 20. Numerical normal-distributed data were pre-
sented in mean± standard deviation or median (minimum-
maximum) for abnormal-distributed data.

3. Results

3.1. Research Subject Characteristics. 'is study enrolled 50
kidney transplant recipients from July to December 2017,
who provided the written consent to participate. 'ere was a
total of 4 patients excluded from the study: 2 patients due to
the donor problem, 1 patient due to acute lung edema before
anesthesia induction, and 1 patient due to study protocol
violation of artery and central venous line insertion after
anesthesia induction. 'erefore, 46 patients were equally
randomized to two groups and included in final data col-
lection and analysis. 'e CONSORT flow diagram is pre-
sented in Figure 1.

'ere were no differences regarding subject baseline
characteristics between the TCI propofol and sevoflurane
group. 'e most common comorbidities were hypertension
and diabetes mellitus (Table 1). Table 2 shows a significant
difference in the maximum dobutamine dosage 10mcg/kg/
min in the sevoflurane group (p � 0.031) compared with the
TCI propofol group. 'e average BIS value was not sig-
nificantly different (p � 0.540) between using sevoflurane at
0.7 (0.6–0.9) MAC and the TCI propofol Schnider model
with effect-site concentration target (CE) 0.5–4.7mcg/mL
(Figure 2).

4. Intervention Result

Figure 3 summarizes intraoperative MAP, CI, and SVI at
specified time points (details of data are available in Sup-
plementary Table 1). 'e mean baseline MAP value in the
TCI propofol group was lower compared to the sevoflurane
group (p � 0.011). In comparison with their baseline value,
there were significant reductions of MAP postintubation
(T1) and during the first surgical incision (T2) in the TCI
propofol group (T1: 80.60± 18.22 vs. 89.47± 14.16mmHg,
p � 0.010; T2: 79.78± 15.90 vs. 89.47± 14.16mmHg;
p � 0.009) and in the sevoflurane group (T1: 80.73± 16.91
vs. 100.78± 14.83mmHg, p � 0.001; T2: 83.30± 18.56 vs.
100.78± 14.83mmHg; p< 0.001). 'e MAP at 15 minutes
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after reperfusion (T14) was significantly higher compared to
the baseline value in the TCI propofol group (101.08± 11.82
vs. 89.47± 14.16mmHg, p< 0.001) but not in the sevo-
flurane group.

'ere was significant reduction of CI postintubation
(T1) and during the first surgical incision (T2) compared to
baseline in the TCI propofol group (T1: 3.89± 1.43 vs.
4.55± 1.50 L/min/m2, p � 0.003; T2: 3.35± 1.33 vs.
4.55± 1.50 L/min/m2, p< 0.001) and in the sevoflurane
group (T1: 2.78± 2.12 vs. 4.48± 1.50 L/min/m2, p � 0.001;

T2: 2.84± 1.41 vs. 4.48± 1.50 L/min/m2, p< 0.001). 'ere
was significant reduction of SVI postintubation (T1) and
during the first surgical incision (T2) compared to baseline
in the TCI propofol group (T1: 54.35± 15.40 vs.
59.91± 19.51mL/m2, p � 0.013; T2: 50.26± 14.33 vs.
59.91± 19.51mL/m, p � 0.008) and in the sevoflurane group
(T1: 49.56± 17,76 vs. 58.86± 18.13mL/m2, p � 0.008; T2:
47.73± 13.80 vs. 58.86± 18.13mL/m2, p � 0.003).'e SVI at
15 minutes after reperfusion (T14) was significantly higher
compared to the baseline value both in the TCI propofol

En
ro

lm
en

t
A

llo
ca

tio
n

Fo
llo

w
-u

p
A

na
ly

sis

Patients were included and provided
written inform consent

(n = 50)

Randomized (n = 46)

Analyzed
(n = 23)

Excluded a�er randomization
(n = 0)

Lost to follow-up
(n = 0)

Allocated to sevoflurane
(n = 23)

Received allocated intervention
(n = 23)

Allocated to TCI propofol
(n = 23)

Received allocated intervention
(n = 23)

Excluded a�er randomization
(n = 0)

Lost to follow-up
(n = 0)

Analyzed
(n = 23)

Excluded (n = 4)
study protocol violation (n = 1)
cancelled operation (n = 3)

(i)
(ii)

Figure 1: 'e flow diagram of the study.

Table 1: Patients’ characteristics.

Variable TCI propofol (n� 23) Sevoflurane (n� 23) p value

Sex Male 18 (78.3%) 17 (73.9%) 1
Female 5 (21.7%) 6 (26.1%)

Age (years) 50.5± 14.4 50.2± 13.7 0.933
Body weight (kg) 67.6± 15.4 66.3± 12.9 0.759
Height (m) 1.65± 0.06 1.63± 0.09 0.530
Body mass index (kg/m2) 24.8± 4.9 24.7± 3.3 0.980
Body surface area (m2) 1.7± 0.2 1.7± 0.2 0.733
Type 2 diabetes 8 (34.8%) 10 (43.5%) 0.763
Coronary artery disease 5 (21.7%) 4 (17.4%) 1
Hypertension with
Angiotensin receptor blocker 14 (60.9%) 14 (60.9%) 1
β-Blocker 8 (34.8%) 13 (56.5%) 0.236
Calcium channel blocker 19 (82.6%) 16 (69.6%) 0.489
Angiotensin-converting enzyme inhibitor 0 (0%) 2 (8.7%) 0.489
α-Agonist 1 (4.3%) 9 (39.1%) 0.012

Charlson’s comorbidity index 3.0 (2.0–4.0) 3.0 (2.0–4.0) 1
Categorical variable presented in total (%). Numeric variable presented with mean (±standard deviation) or median (minimum-maximum). Data are
analyzed using chi-square or unpaired t-test.
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group (65.13± 18.65 vs 59.91± 19.51mL/m2, p � 0.010) and
in the sevoflurane group (68.08± 19.30 vs. 58.86± 18.13
51mL/m2, p � 0.005) due to fluids and vasoactive
administration.

'e SVRI was significantly increased during the first
surgical incision (T2) compared to baseline in the TCI
propofol group (1718.21± 531.61 vs. 1541.04± 514.33 dynes.
sec/cm5/m2, p � 0.007) and in the sevoflurane group
(2070.34± 617.98 vs. 1797.47 ± 563.43 dynes.sec/cm5/m2,
p � 0.005). TCI propofol groups showed significant lower
SVRI compared to sevoflurane group postintubation (T1)
(1521.17± 466.44 vs. 1964.86 ± 829.14 dynes.sec/cm5/m2,
p � 0.029) and during the first surgical incision (T2)
(1718.21± 531.61 vs. 2070.34 ± 617.98 dynes.sec/cm5/m2,

p � 0.026). 'ere were no significant trend differences
between the two groups in MAP (p � 0.480), CI
(p � 0.216), SVI (p � 0.086), and SVRI (p � 0.054) using
GLM analysis.

'e incidence of postanesthesia agitation was lower in
the TCI propofol group (5/23 vs. 7/23; p � 0.502), with odds
ratio 0.635 (0.168–2.402) compared with the sevoflurane
group. 'e expenditure of using TCI propofol as the an-
esthesia maintenance was higher than sevoflurane (IDR
741,651.00 vs. IDR 399,944.00, p< 0.001). Table 3 shows the
postoperative outcome, and complications such as delayed
graft function, return to dialysis after transplant failure,
posttransplant infection, and mortality in 1 year follow-up
were not significantly different. One patient died because of

Table 2: Patients’ perioperative data.

Variables TCI propofol (n� 23) Sevoflurane (n� 23) p value

Surgery duration (hour)

>3-4 1 (4.3%) 4 (17.4%) 0.268
>4-5 13 (56.5%) 13 (56.5%)
>5-6 9 (39.1%) 4 (17.4%)
6 0 (0%) 2 (8.7%)

Anesthesia duration (hour)

>3-4 0 (0%) 0 (0%) 0.583
>4-5 1 (4.3%) 1 (4.3%)
>5-6 9 (39.1%) 11 (47.8%)
>6 13 (56.5%) 11 (47.8%)

Sevoflurane concentration (MAC) 0.7 (0.6–0.9)
Total propofol usage (mg/hour) 1,200 (650–3,325)
Total blood loss (ml) 75.0 (50–150) 100 (50–200) 0.134
Total intraoperative fluid (ml) 500 (150–1,000) 700 (400–1,000) 0.334
Minimum norepinephrine dosage (mcg/kg/min) 0.02 (0.01–0.05) 0.01 (0.01–0.05) 0.191
Maximum norepinephrine dosage (mcg/kg/min) 0.15 (0.05–0.5) 0.1 (0.05–0.4) 0.550
Minimum dobutamine dosage (mcg/kg/min) 0.1 (0.1–1) 0.1 (0.1–3) 0.079
Maximum dobutamine dosage (mcg/kg/min) 5 (0–5) 10 (0–10) 0.031∗
Intraoperative fentanyl usage (mcg/kg/hour) 1.1± 0.5 1.0± 0.4 0.490
Urine output postreperfusion (ml/hour) 382.6± 215.4 410.21± 346.88 0.817
Data are presented as total (%) or as geometric mean and confidence interval 95% (minimum-maximum), p< 0.05 is significant. Data are analyzed with chi-
square, unpaired t-test, or Mann–Whitney. TCI, target-controlled infusion.
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Figure 3: Continued.
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infection, 1 patient died due to acute coronary syndrome,
and 2 patients died having multiorgan failure after graft
rejection.

5. Discussion

5.1. Research Subject Characteristic. Nowadays, the kidney
transplant therapy is considered a promising and saving
therapy, yet, having some hemodynamic drawbacks. Mor-
tality as the biggest risk that threatens the kidney trans-
plantation patients during the first year is related to age
factors: 2% of age group 18–34 years, 3% of age group 35–49
years, and 6.8% of age group ≥50 years [4, 7, 8, 31]. Pre-
anesthesia evaluation including cardiac function examina-
tion is essential to diagnose acute or chronic coronary artery
disease, determine the functional status of the patient, and
optimize the therapy before undergoing kidney trans-
plantation [5].

Propofol sedation effect arises through increase in
bonding affinity of gamma-aminobutyric acid (GABA)
neurotransmitter to GABAA at the central nervous system.
'e modulation at hippocampus will inhibit the release of
acetylcholine from the hippocampus and prefrontal cortex
[21]. Propofol can be used through the TCI technique, where

the dosage can be adjusted according to plasma-site or ef-
fect-site concentration target. During TCI technique, the
bispectral index can be useful in some patients, for a
guidance of anesthesia depth.'e recommended range value
of 40–60 for BIS monitoring during the maintenance phase
of general anesthesia needs to be tailored depending on the
technique, procedure, and patient conditions [19]. 'e
dosage of TCI propofol and sevoflurane in this research was
adjusted to the BIS target of 45–50, with 1–1.2 L/min mixed
fresh gas flow of oxygen and air.

With the same amount of intraoperative fentanyl usage,
there was a trend of lower BIS value in the sevoflurane group
with 0.7 MAC of volatile maintenance compared to the TCI
propofol group. 'e recorded BIS value is not always pre-
cisely correlated with the level of anesthesia depth since the
BIS value can be influenced by patient conditions or the
effect of anesthetic agents. Paradoxical awakening reaction
due to an increase of alpha waves in the EEG is denoted by
the increase in the BIS value when the inspired fraction of
inhalational agent was increased, and then the BIS value
returned to baseline levels after reducing the concentration
of the inhalational agent. 'e loss of consciousness with a
higher BIS value can be associated with the addition of
opioid to the lower concentration of propofol. 'e hypnotic
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Figure 3: Intraoperative mean arterial pressure, cardiac index, stroke volume index, and systemic vascular resistance index. Time points are
as follows: baseline (T0), postintubation (T1), first surgical incision (T2), every 15 minutes after first incision (T3–T12), reperfusion (T13),
and 15 minutes after reperfusion (T14). ∗Unpaired t-test for comparison between groups; † Paired t-test for comparison with baseline;
p< 0.005 is significant.

Table 3: Postoperative clinical outcome and complication.

Outcomes in 1-year follow-up Sevoflurane group (N� 23) TCI propofol group (N� 23) p value
Delayed function graft 0 1 1.000
Posttransplant dialysis 0 1 1.000
Infection 0 1 1.000
Deceased 1 3 0.608
Data analyzed using Fisher’s exact test. p value <0.05 considered significant.
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effects of propofol are increased by opioids, but the BIS value
does not show this effect. Elevated electromyographic
(EMG) activity can increase the BIS value, and the sub-
sequent administration of neuromuscular blockers (NMBs)
will reduce it. A lower BIS value accompanied by low blood
pressure at low MAC of volatile indicates a sensitivity to
anesthesia [32].

5.2. Hemodynamic Parameters Analysis. 'ere are a limited
number of randomized clinical trial and available data on the
effect of sevoflurane and TCI propofol on hemodynamic
profile during kidney transplantation. Most of the studies
compared the effects of sevoflurane and propofol on post-
operative analgesia and the incidence of postoperative
nausea and vomiting (PONV). Only 14 randomized con-
trolled studies compared the effect of sevoflurane and
propofol as anesthesia maintenance agents on intraoperative
hemodynamic, but none of them were performed on
transplant surgery [33, 34]. 'e MAP, CI, SVI, and SVRI
values describe the heart contractility and preload and
afterload changes [20, 28, 29]. Our study showed the patients
undergoing sevoflurane or TCI propofol anesthesia had
similar MAP, CI, SVI, and SVRI during kidney transplant
surgery. 'e CI tended to be more stable maintained in the
TCI propofol group; however, SVRI was significantly lower
in postintubation and during the first surgical incision in the
TCI propofol group compared to the sevoflurane group. Our
results showed theMAPwas similar between the two groups,
could be due to the preserved CI in the TCI propofol group
and preserved SVRI in the sevoflurane group. Increasing
concentrations of propofol within the therapeutic range
resulted in decreasing arterial and venous resistance in a
similar mechanism. 'e decreasing vascular resistance
without a change in CI can be a result of the balance between
a decrease in effective or stressed volume that is determined
by the mean systemic filling pressure and a decrease in
resistance for venous return therefore preserved the SVI and
CI [35]. Sevoflurane induces myocardial depression at 1.0 or
higher MAC, resulting in decreased CI, and produces va-
sodilatation at or higher than 1.5 MAC or 3 vol % that
reduces SVRI [36, 37], while our patients only received 0.7
(0.6–0.9) MAC or 1.4 (1.2–1.8) vol % in the sevoflurane
group.

'ere were significant reductions of MAP, CI, and SVI on
both groups after anesthesia induction and during the first
incision.'ose findings were similar to Robba et al. study that
compared the propofol-based anesthesia and sevoflurane-
based anesthesia in cervical spine surgery and found signif-
icant reduction of MAP on both groups after anesthesia
induction, in which the propofol groups had lower mean
MAP than the sevoflurane group after induction and in-
tubation [25]. In VAPOR-1 study, the kidney transplant
patients receiving sevoflurane as the maintenance agent
needed boluses of ephedrine more frequent than patients
anesthetized with propofol especially after induction although
no prolonged hypotensive periods were observed [18].

'e highest maximum norepinephrine dosage was seen
in the TCI propofol group to encounter the lower mean

baseline MAP value in the TCI propofol group compared to
the sevoflurane group. 'e patients in the sevoflurane group
might have more severe hypertension that resulted in a
higher mean baseline MAP value and receiving more
α-agonist considering it is not usually used as the first-line
antihypertension drug. Vasopressor is used to increase the
decreasing SVRI and CI due to vasodilatation after the
anesthesia induction [38]. 'e maximum dobutamine
dosage was significantly higher in the sevoflurane group that
could be because more β-blocker and α-agonist anti-
hypertension agents were used in this group. Dobutamine
increases SV and CI because of its inotropic effect that
contributes to maintaining the MAP [38].

'e earlier study by Modesti et al. showed the trend of
hemodynamic parameters (heart rate, systolic-diastolic
blood pressure, and MAP) were not statistically different
between using TIVA propofol 6mg/kg/hour and remi-
fentanil 0.1–0.5 μg/kg/hour or balanced anesthesia with
isoflurane (0.8–1 MAC) and intermittent fentanyl boluses in
kidney transplant surgery. Although their TIVA regimens
were not delivered by TCI methods, the results were similar
to our study that showed a stable hemodynamic and had the
potential to be an alternative to the balanced anesthesia. 'e
TIVA group presented a faster recovery but worse pain
control within the first postoperative hour compared to
balanced anesthesia using an inhalational agent. Remi-
fentanil undergoes ester hydrolysis resulted in rapid meta-
bolism, short duration of action; however, it may influence
the occurrence of postoperative hyperalgesia compared to
fentanyl [12].

'e different populations might be the cause of the
different results with Shimonov et al. who found sevoflurane
led to more hemodynamic instability as compared to pro-
pofol in laparoscopic radiofrequency tumor ablation [39].
Most of our kidney transplant recipients had cardiovascular
comorbidities such as hypertension, history of coronary
artery disease, or heart failure. 'ose conditions affected
hemodynamic changes critically during induction, in-
tubation, and reperfusion under anesthesia. Sevoflurane
attenuates arterial baroreflex function that may affect the
hemodynamic stability during anesthesia [40]. Sevoflurane
develops its negative inotropic effect from the disruption of
calcium (Ca2+) in the cardiac myocyte which leads to a
decrease in the available amount of intracellular Ca2+. 'e
cardiac effects caused by sevoflurane are dose-dependent,
accentuating in comorbid conditions like contractility
dysfunction or electric conduction disorder [14, 41]. Pro-
pofol has a cardiovascular effect such as the decrease of
preload and arterial blood pressure because of sympathetic
vasoconstriction inhibition that leads to the decrease in CO
through inhibition of intracellular Ca2+ mobilization in the
smooth muscle [19, 21, 22]. Although, mostly, our ESRD
patients have above normal SVRI, their cardiovascular he-
modynamics are susceptible to be depressed by anesthesia
agents such as sevoflurane and propofol [20, 28, 29].

After reperfusion, MAP in the TCI propofol group and
SVI in both groups were significantly higher than their
baseline value. 'at could be due to fluids and vasoactive
administration, with the maximum dosage of dobutamine
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requirement higher in the sevoflurane group compared to
the TCI propofol group. 'ose results were similar to the
study on propofol-based vs. sevoflurane-based anesthesia
conducted by Nieuwenhuijs-Moeke et al. who stated the
average MAP during transplantation procedure was higher
in the propofol group compared with the sevoflurane group.
Hemodynamic profiles of both groups were comparable;
however, patients in the sevoflurane group more frequently
received a bolus of ephedrine compared with patients in the
propofol group [18]. Sevoflurane affects the hemodynamic
stability through attenuating arterial baroreceptor function
and delay the changes of systolic blood pressure in response
to baroreflex stimulation [14]. Propofol-based anesthesia
maintains the baroreceptor reflex sensitivity and CI, but it
has effects in reducing systolic and diastolic arterial pressure
by lowering SVRI and afterload [42]. Propofol decreases
SVRI without significant changes in CI due to the balance
between the decrease of mean systemic filling pressure and
resistance of venous return [35].

'e uncalibrated pulse contour method consists of
pressure measurement and the arterial waveform and no
external calibration is required. 'is system determines CO
from the arterial waveform that corresponds to the vascular
tone and is calculated using a pulse rate, BSA, aortic
compliance, MAP, and the arterial pressure over a certain
time that forms the arterial pressure curve. 'e SV was
calculated from a pressure measurement that is converted to
volume measurement. Deriving a flow from a pressure
parameter requires concise information of the pressure-
volume relation in the arterial system and especially the
aorta that incorporates arterial impedance, arterial com-
pliance, and systemic vascular resistance. Converting a
pressure measurement into a volume parameter is prone to
inaccuracy, especially in patients with changes in aortic
impedance induced by changes in the SVR or with low CO.
Location of arterial line inserted at the radial artery, change
in systemic vascular resistance, and aortic impedance in-
duced by catecholamines influence the calibration factor.
However, the norepinephrine and dobutamine dosage in our
study period were considered low to moderate for influ-
encing the calibration factor of the arterial pulse curve.

5.3. Extra Analysis Data. We recorded postanesthesia agi-
tation during extubation and found the agitation incidence
was higher in the sevoflurane group compared to the TCI
propofol group although not significantly different. 'is
finding is in concordance to the 2014 meta-analysis from
Cochrane that stated the agitation risk was lower when using
propofol as the maintenance agent compared to sevoflurane
(RR 0.35, CI 95% 0.25–0.51), and propofol reduces agitation
risk when used only during the maintenance phase of an-
esthesia after sevoflurane induction (RR 0.59, CI 95%
0.46–0.76) [43]. In anesthesia with sevoflurane, the differ-
ence in recovery speed within the nervous system increases
the sensitivity to stimulation from the surrounding envi-
ronment, creating a state of functional dissociation. 'e
emergence agitation may occur from the changes and re-
lationship of GABAA receptors in the central nervous system

and decrease inhibitory signals from the globus pallidus
interna and substantia nigra. 'e inability to suppress
thalamocortical neurons and brain stem neurons remains
the sedative effect in the early stages of emergence and the
euphoria in the later stage. Compared to inhalation anes-
thetics, propofol has a lower incidence of PONV and has a
lower occurrence of the hangover that could be related to the
reduction in occurrence of emergence agitation [23]. Our
study showed the average expenditure was higher in using
TCI propofol for intraoperative anesthesia maintenance
compared to using sevoflurane. A similar result was found in
a study by Struys et al. who analyzed the expenditure of
continuous propofol compared to sevoflurane as the
maintenance agent with the guidance of BIS value in gy-
necologic surgery and stated that the expenditure of pro-
pofol was significantly higher than sevoflurane [29].

'ere were no significant differences in delayed graft
function, dialysis after kidney transplant failure, and post-
transplant infection between groups although nonsignificant
higher mortality was seen in the TCI propofol group.
Intraoperative hemodynamic stability is essential to main-
tain organ perfusion, while anesthetic conditioning such as
sevoflurane and propofol has a protective effect to attenuate
IRI and prevent delayed graft function [5, 8, 11]. However,
our study sample was not designed to have enough power for
detecting postoperative complications and outcome.

5.4. Research Limitation. Although the distribution was
equal in both groups, the variety of age might affect the
patient’s vascular elasticity and pulse contour analysis
hemodynamic measurement in this study. 'e research
subjects had takenmultidrug therapy which could affect the
cardiovascular function; however, the results could rep-
resent the actual kidney transplant population. Our study
did not include stroke volume variation analysis since the
value could not be accurate in spontaneous breathing
patients during the baseline measurement. 'e first-time
usage and the duration of vasoactive administration were
not recorded.

6. Conclusions

'e intraoperative hemodynamic profile was similar be-
tween TCI propofol- and sevoflurane-based anesthesia
during kidney transplant surgery. Using TCI propofol as
anesthesia maintenance resulted in higher CI and SVI, but
lower SVRI and MAP than using sevoflurane in kidney
transplantation.

Data Availability

'e data set used and/or analyzed in the current study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

'e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Anesthesiology Research and Practice 9



Acknowledgments

'e authors would like to thank RISTEKDIKTI for the fi-
nancial supports under Penelitian Disertasi Doktor (PDD)
grant (55/UN2.R3.1/HKP05.00/2018).

Supplementary Materials

Supplementary Table 1: intraoperative hemodynamic
changes at specified time points. (Supplementary Materials)

References

[1] H. Sarinkapoor, R. Kaur, and H. Kaur, “Anaesthesia for renal
transplant surgery,” Acta Anaesthesiologica Scandinavica,
vol. 51, no. 10, pp. 1354–1367, 2007.

[2] J. H. Park, J. H. Lee, D. J. Joo, K. J. Song, Y. S. Kim, and
B.-N. Koo, “Effect of sevoflurane on grafted kidney function in
renal transplantation,” Korean Journal of Anesthesiology,
vol. 62, no. 6, pp. 529–535, 2012.

[3] A. Kashkouli, A. Moradi, S. Torabian, M. Amir-Zargar, and
M. Gholyaf, “Comparison of safety and efficacy of general and
spinal anesthesia in kidney transplantation: evaluation of the
peri-operative outcome,” Saudi Journal of Kidney Diseases
and Transplantation, vol. 26, no. 3, p. 447, 2015.

[4] KDIGO, “Chapter 1: definition and classification of CKD,”
Kidney International Supplements, vol. 3, no. 1, pp. 19–62,
2013.

[5] E. Cingi, D. S. Beebe, J. V. Harmon Jr., and K. Belani,
“Preoperative recipient evaluation and preparation (kidney),”
Anesthesia and Perioperative Care for Organ Transplantation,
Springer Nature, New York, NY, USA, pp. 275–280, 2016.

[6] D. A. Warrel, T. M. Cox, J. D. Firth, and E. J. Benz, “Chronic
renal failure,” Oxford Textbook of Medicine, pp. 3264–3276,
Oxford University Press, New York, NY, USA, 5th edition,
2016.

[7] D. L. Kaper, S. L. Hauser, J. L. Jameson, A. Fauci, and
D. L. Longo, “Disorders of the kidney and urinary tract,”
Harrison’s Principles of Internal Medicine, pp. 1811–1829,
McGraw-Hill Education, New York, NY, USA, 19th edition,
2015.

[8] V. Baxi, A. Jain, and D. Dasgupta, “Anaesthesia for renal
transplantation: an update,” Indian Journal of Anaesthesia,
vol. 53, no. 2, pp. 139–147, 2009.

[9] J. F. Butterworh, D. C. Mackey, and J. D. Wasnick, “Anes-
thesia for patients with kidney disease,” Morgan & Mikhail’s
Clinical Anesthesiology, pp. 653–666, McGraw-Hill Educa-
tion, New York, NY, USA, 5th edition, 2013.

[10] R. Jaffe, C. Schmiesing, and B. Golianu, “Liver/kidney/pan-
creas transplantation: kidney transplantation—cadaveric and
live donor,” Anesthesiologist’s Manual of Surgical Procedures,
pp. 1033–1042, Wolters Kluwer Health, California, CA, USA,
5th edition, 2014.

[11] T. Soga, S. Kawahito, R. Oi et al., “Recent less-invasive cir-
culatory monitoring during renal transplantation,” ;e
Journal of Medical Investigation, vol. 60, no. 1.2, pp. 159–163,
2013.

[12] C. Modesti, T. Sacco, G. Morelli, G. Bocci, P. Ciocchetti, and
F. Vitale, “Balanced anaesthesia versus total intravenous
anaesthesia for kidney transplantation,” Minerva Anestesiol,
vol. 72, no. 7-8, pp. 627–635, 2006.

[13] G. Grosso, D. Corona, A. Mistretta et al., “Predictive value of
the charlson comorbidity index in kidney transplantation,”

Transplantation Proceedings, vol. 44, no. 7, pp. 1859–1863,
2012.

[14] J. F. Butterworh, D. C. Mackey, and J. D.Wasnick, “Inhalation
anesthetics,” Morgan & Mikhail’s Clinical Anesthesiology,
pp. 159–172, McGraw-Hill Education, New York, NY, USA,
5th edition, 2013.

[15] F. Li and Y. Yuan, “Meta-analysis of the cardioprotective
effect of sevoflurane versus propofol during cardiac surgery,”
BMC Anesthesiology, vol. 15, no. 1, pp. 1–12, 2015.

[16] C. Lotz and F. Kehl, “Volatile anesthetic-induced cardiac
protection: molecular mechanisms, clinical aspects, and in-
teractions with nonvolatile agents,” Journal of Cardiothoracic
and Vascular Anesthesia, vol. 29, no. 3, pp. 749–760, 2015.

[17] J. A. Symons and P. S. Myles, “Myocardial protection with
volatile anaesthetic agents during coronary artery bypass
surgery: a meta-analysis,” British Journal of Anaesthesia,
vol. 97, no. 2, pp. 127–136, 2006.

[18] G. J. Nieuwenhuijs-Moeke, V. B. Nieuwenhuijs,
M. A. J. Seelen et al., “Propofol-based anaesthesia versus
sevoflurane-based anaesthesia for living donor kidney
transplantation: results of the VAPOR-1 randomized con-
trolled trial,” British Journal of Anaesthesia, vol. 118, no. 5,
pp. 720–732, 2017.

[19] D. Mayhew, D. Ridgway, and J. Hunter, “Update on the
intraoperative management of adult cadaveric renal trans-
plantation,” BJA Education, vol. 16, no. 2, pp. 53–57, 2016.

[20] S. Teixeira, G. Costa, F. Costa, J. da Silva Viana, and A. Mota,
“Sevoflurane versus isoflurane: does it matter in renal
transplantation?,” Transplantation Proceedings, vol. 39, no. 8,
pp. 2486–2488, 2007.

[21] R. D. Miller, “Intravenous anesthetics,” inMiller’s Anesthesia,
N. H. Cohen, L. I. Eriksson, L. A. Fleisher, J. P. Weiner-
Kronish, and W. L. Young, Eds., pp. 822–843, Elsevier
Saunders, Philadelphia, PA, USA, 8th edition, 2015.

[22] J. F. Butterworh, D. C. Mackey, and J. D. Wasnick, “In-
travenous anesthetics,” Morgan & Mikhail’s Clinical
Anesthesiology, pp. 176–186, McGraw-Hill Education, New
York, NY, USA, 5th edition, 2013.

[23] Y.-S. Kim, Y. K. Chae, Y. S. Choi et al., “A comparative study
of emergence agitation between sevoflurane and propofol
anesthesia in adults after closed reduction of nasal bone
fracture,” Korean Journal of Anesthesiology, vol. 63, no. 1,
pp. 48–53, 2012.

[24] Y. Singh, A. Singh, G. Jain, G. Yadav, and D. Singh, “Com-
parative evaluation of cost effectiveness and recovery profile
between propofol and sevoflurane in laparoscopic cholecys-
tectomy,” Anesthesia: Essays and Researches, vol. 9, no. 2,
p. 155, 2015.

[25] C. Robba, E. Qeva, B. Borsellino, S. Aloisio, G. Tosti, and
F. Bilotta, “Effects of propofol or sevoflurane anesthesia in-
duction on hemodynamics in patients undergoing fiberoptic
intubation for cervical spine surgery: a randomized, con-
trolled, clinical trial,” Journal of Anaesthesiology Clinical
Pharmacology, vol. 33, pp. 215–220, 2017.

[26] N. Bharti, P. Chari, and P. Kumar, “Effect of sevoflurane
versus propofol-based anesthesia on the hemodynamic re-
sponse and recovery characteristics in patients undergoing
microlaryngeal surgery,” Saudi Journal of Anaesthesia, vol. 6,
no. 4, pp. 380–384, 2012.

[27] M. J. Delgado-Martos, B. Quintana-Villamandos, M. Ruı́z
et al., “Corrigendum to “Effects of sevoflurane and propofol
on organ blood flow in left ventricular assist devices in pigs,”
BioMed Research International, vol. 2016, Article ID 4152173,
1 pages, 2016.

10 Anesthesiology Research and Practice

http://downloads.hindawi.com/journals/arp/2019/5629371.f1.docx


[28] T. Annecke, J. C. Kubitz, S. Kahr et al., “Effects of sevoflurane
and propofol on ischaemia-reperfusion injury after thoracic-
aortic occlusion in pigs,” British Journal of Anaesthesia,
vol. 98, no. 5, pp. 581–590, 2007.

[29] M. M. R. F. Struys, A. A. L. Somers, N. Van Den Eynde et al.,
“Cost-reduction analysis of propofol versus sevoflurane:
maintenance of anaesthesia for gynaecological surgery using
the bispectral index,” European Journal of Anaesthesiology,
vol. 19, no. 10, pp. 727–734, 2002.

[30] L. E. Simmons, R. R. Riker, B. S. Prato, and G. L. Fraser,
“Assessing sedation during intensive care unit mechanical
ventilation with the bispectral index and the sedation-agita-
tion scale,” Critical Care Medicine, vol. 27, no. 8, pp. 1499–
1504, 1999.

[31] S. Schmid and B. Jungwirth, “Anaesthesia for renal transplant
surgery,” European Journal of Anaesthesiology, vol. 29, no. 12,
pp. 552–558, 2012.
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