CLINICAL RESEARCH

MEDIC.
SCIEN (R

e-ISSN 1643-3750
© Med Sci Monit, 2019; 25: 3140-3145
DOI: 10.12659/MSM.914354

L

MONITOR

s 20190116 Effects of Thoracic Paravertebral Block on
published:  2019.08.28 Nociceptive Levels After Skin Incision During
Video-Assisted Thoracoscopic Surgery

Authors’ Contribution: aBpe Hiroki Mlyawaki Department of Anesthesiology and Pain Medicine, Hyogo College of Medicine,
Study Design A spe Hiroki Ogata Nishinomiya, Hyogo, Japan
Data Collection B .
Statistical Analysis C B0 Shiroh Nakamoto
Data Interpretation D e Takahiko Kaneko
Manuscript Preparation E E Ryusuke Ueki

Literature Search F
Funds Collection G

e Nobutaka Kariya
e Tsuneo Tatara
acoeré Munetaka Hirose

Corresponding Author: Munetaka Hirose, e-mail: mhirose@hyo-med.ac.jp
Source of support: This study was supported by a Grant-in-Aid for Scientific Research KAKENHI (18K08875)

Background: Regional anesthesia provides excellent analgesic effects after surgery. However, the effects of regional anes-
thesia on nociceptive levels during surgery under general anesthesia have not been quantitatively evaluated.
To reveal the effects of thoracic paravertebral block (PVB) on nociceptive levels after skin incision during gen-
eral anesthesia, we performed a retrospective cohort study in patients without serious preoperative condi-
tions or comorbidities undergoing elective video-assisted thoracoscopic surgery (VATS). Nociceptive levels dur-
ing general anesthesia were calculated using our previously determined Nociceptive Response (NR) equation,
which utilizes common hemodynamic parameters.

Material/Methods: Data on 77 adult patients who underwent VATS from May 2018 to August 2018 were retrospectively obtained
from our institutional database. We then performed propensity score matching between patients who received
thoracic PVB (PVB group: n=29) and those who did not (Control group: n=48). The averaged values of systolic
blood pressure (SBP), heart rate (HR), perfusion index (PI), bispectral index (BIS), and NR from 10 to 5 minutes
before skin incision (T0), 5 to 10 minutes (T1), 10 to 15 minutes (T2), 15 to 20 minutes (T3), and 20 to 25 min-
utes after skin incision (T4), were calculated.

Results: Twenty-four propensity score-matched patients in each group were analyzed. Mean NR values at T1 and T2 in
the PVB group were significantly lower than those in the Control group. SBP, HR, PI, and BIS, however, showed
no significant differences between the 2 groups, except for SBP at T2.

Conclusions: Thoracic PVB prevented an increase in NR values, which quantitatively represent nociceptive levels under gen-
eral anesthesia, in patients undergoing VATS.
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Background

Nociceptive stimulation activates peripheral nociceptors,
inducing autonomic responses [1-3]. Surgical invasion, which
activates peripheral nociceptors, also induces autonomic re-
sponses, including increases in blood pressure, heart rate and
pupillary diameter, and decrease in peripheral blood flow, even
under general anesthesia. Several devices have been devel-
oped that use these autonomic parameters to monitor noci-
ceptive balance during surgery under general anesthesia [4,5].
Regional anesthesia, which blocks nerve impulse transmission,
reportedly suppresses autonomic responses induced by skin
incision under general anesthesia [6-8]. However, the effects
of regional anesthesia on nociceptive levels after skin incision
have not been evaluated.

Thoracic paravertebral block (PVB) is an effective anesthetic
method for postoperative analgesia after thoracic surgery [9,10].
Although most anesthesiologists believe that thoracic PVB
combined with general anesthesia provides superior analge-
sia and improves hemodynamic stability after skin incision
during thoracic surgery, no quantitative assessments have
been performed for the effects of thoracic PVB on intraoper-
ative nociceptive levels.

Recently, we developed the Nociceptive Response (NR) equation,
which utilizes the hemodynamic parameters of heart rate (HR),
systolic blood pressure (SBP), and perfusion index (PI) to evalu-
ate nociceptive levels under general anesthesia [11]. To reveal
the effects of thoracic PVB on nociceptive levels after skin inci-
sion, we performed a retrospective cohort study with propen-
sity score-matched analysis of adult patients without serious
preoperative conditions or comorbidities undergoing elective
video-assisted thoracoscopic surgery (VATS).

Material and Methods

This retrospective cohort study was approved by the Ethics
Committee of Hyogo College of Medicine (#2566). We ob-
tained clinical data on adult patients who underwent elective
VATS for lung cancer at Hyogo College of Medicine Hospital
between May 2018 and August 2018. Eligibility criteria for
the present study were: age older than 20 years, American
Society of Anesthesiologists-physical status (ASA-PS) I-Il, and
serum C-reactive protein (CRP) concentration before surgery
<0.3 mg-dL™.

Perioperative management
None of the patients received premedication. General an-

esthesia was induced with propofol (1.5 mg/kg), fentanyl
(2 pg/kg), and rocuronium (0.9 mg/kg), followed by insertion
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of a double-lumen endotracheal tube for airway control and
cannulation of the radial artery for direct measurement of ar-
terial blood pressure. Anesthesia was maintained with total
intravenous anesthesia (TIVA), using a continuous infusion of
remifentanil and propofol with additional injections of fentanyl
and rocuronium. The remifentanil infusion rate was convention-
ally adjusted to maintain mean blood pressure within a range
of +20% of the pre-anesthesia level. Bispectral index (BIS) was
maintained between 40 and 60 by adjusting the target dose
of propofol. Mechanical ventilation was performed to maintain
normocapnia (end-tidal carbon dioxide range 35-40 mmHg).
After surgery, a continuous infusion of intravenous fentanyl
was routinely administered until postoperative day (POD) 1
for postoperative analgesia.

The applicability of thoracic PVB was determined by the anes-
thesiologists in charge. After induction of general anesthesia,
patients were placed in the lateral decubitus position on a sur-
gical table to perform thoracic PVB. The skin was cleaned us-
ing antiseptic iodine, and an ultrasonography probe (L18-4
Linear Probe, SONIMAGE HS1, Konica Minolta, Tokyo, Japan)
was positioned to visualize the spinous and transverse pro-
cesses of the vertebra and the costa at the appropriate verte-
bral level. Under appropriate visualization, ultrasound-guided
thoracic PVB was performed using a single injection of 20 mL
of 0.25% levobupivacaine. Depression of the pleura was con-
sidered to indicate successful injection of the analgesic agent.
The operation was started 15-20 minutes after thoracic PVB
was performed.

Data collection

Information on serum concentrations of CRP before surgery,
and numerical rating scale (NRS) scores for maximum postop-
erative pain on the day of surgery (POD0) and on POD1, were
obtained from our institutional medical records. The normal
range for CRP at our institution is below 0.3 mg/dL. The NR
value was calculated using the following hemodynamic equa-
tion: NR=—1+2/(1+exp (-0.01HR-0.02SBP+0.17Pl)) [11]. We
installed the equation of NR on our institutional anesthesia
information managing system (ORSYS, PHILIPS, Amsterdam,
Netherlands). Hence, in addition to SBP, HR, PI, and BIS, the
NR was also recorded every minute. The averaged values of
NR data from 10 to 5 minutes before skin incision (T0), 5 to 10
minutes after skin incision (T1), 10 to 15 minutes after skin in-
cision (T2), 15 to 20 minutes after skin incision (T3), and 20 to
25 minutes after skin incision (T4) were retrospectively ob-
tained from the data-search software (Vi-Pros, Dowell, Sapporo,
Japan). The averaged values of SBP, HR, PI, and BIS during the
observation period of interest of 10 minutes before skin inci-
sion to 25 minutes after skin incision were also obtained at
the same time (TO, T1, T2, T3, and T4).
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Figure 1. Diagram showing patient inclusion in this study.
ASA-PS — American Society of Anesthesiologists —

Adult patients undergoing VATS

(n=152) physical status; CRP — C-reactive protein; TIVA — total
intravenous anesthesia; PVB — paravertebral block;
l VATS - video-assisted thoracoscopic surgery.
ASA-PA=I or
(n=101)
l The averaged values of SBP, HR, PI, NR, and BIS from the start

to the end of surgery (mean SBP, mean HR, mean PI, mean NR,
Normal GRP befoﬁi’;gfryko'a mg/dL) and mean BIS throughout surgery) were also obtained. Mean
NR throughout surgery was conceived to correspond to the

/\ intraoperative nociceptive level.

TIVA TIVA with PVB Statistical analyses
(n=48) (n=29)
1 ] All statistical testing was performed using IBM SPSS Statistics
] 24 software (IBM Corp., Chicago, IL, USA). We performed pro-
Control group Propensity PVB group . . . . .
(n=24) score matching (n=24) pensity score matching of patients who did and did not re-
ceive thoracic PVB (PVB group and Control group, respectively).

Propensity score was calculated by logistic regression analysis

Table 1. Patient demographics and perioperative data before propensity score matching.

Control group PVB group p
n=48 n=29
Age (yrs) 71.6+9.5 62.8+14.0 0.007**

Mean SBP throughout surgery (mmHg) 114.8 [109.7-118.3] 110.1 [104.1-113.1] 0.010**
 Mean HR throughout surgery (beats/min) 664  [605-741] 673  [599-720] 0801
 Mean Pithroughout surgery 198 [129-251] 160 [109-214] 0122
 Mean NR throughout surgery 0856 [0830-0884] 0850 [0825-0871] 0294
 MeanBIS throughout surgery By WAz 450  [(431-483] 0341
 Continuous dose of propofol (mg/kg/min) 009:003 | 009:003 0512
 Continuous dose of remifentanil (ug/kg/min) 018:006 0145005  0006%
Total amount of fentanyl (ugskg”) 6258213 621:250 0942
| NRS score for postoperative painon PODO 50 [40-70] 40 865l 0132
© NRS score for postoperative painon PODI 50 [33-60] 50 [30-50] 0284

Data are presented as mean + standard deviation (SD) or median [25-75 percentile]. PVB — paravertebral block; BMI — body mass
index; ASA-PS — American Society of Anesthesiologists-physical status; BIS — bispectral index; CRP — C-reactive protein; HR — heart
rate; NR — Nociceptive Response; NRS — numerical rating scale; Pl — perfusion index; POD — postoperative day; SBP — systolic blood
pressure. * P<0.05, ** P<0.01 versus Control group.
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Table 2. Patient demographics and perioperative data after propensity score matching.

Control group PVB group p
n=24 n=24

Age (yrs) 67.1+10.2 67.2+10.6 0.976
Cemikgmd new9 26 0612
Female/Male ons 816 0846
Casaesin sne yn o4
Preoperative CRP level (mg/dt) 007:008 012:013 0381
Duration of surgery i) 1023423 12520657 0159
| Mean SBP throughout surgery (mmHg) 1154 [107.2-1199] 1096 [1012-1121] 003"
 Mean HR throughout surgery (beats/min) 692 (605757 654  [594-710] 0131
| Mean Plthroughout surgery 151 [112-2000 176 [110-220] 0766
| Mean NR throughout surgery 0870 [0844-0887] 0843 [0810-0862]  0015%
| Mean BIS throughout surgery 43 [asars] 449 [408-480] 0699
 Continuous dose of propofol (mg/kg/min) 010:004 008:004 0242
 Continuous dose of remifentanil (ugrkg/min) o19:007 0.13:005 0001
Totalamount of fentanyl (ugkg) 664234 5954224 0312
| NRS score for postoperative painonPODO 50 [40-70] 30 (1350 0036
| NRS score for postoperative painon PODI 50 [33-58] 30 [13-50] 0369

Data are presented as mean + standard deviation (SD) or median [25-75 percentile]. PVB — paravertebral block; BMI — body mass
index; ASA-PS — American Society of Anesthesiologists-physical status; BIS — bispectral index; CRP — C-reactive protein; HR — heart
rate; NR — Nociceptive Response; NRS — numerical rating scale; Pl — perfusion index; POD — postoperative day; SBP — systolic blood

pressure. * P<0.05, ** P<0.01 versus Control group.

using age, gender and body mass index (BMI) as independent
variables. Patients in the PVB group whose propensity scores
deviated by more than 0.02 from those in the Control group
were considered unmatched. The un-paired t-test was used to
compare continuous variables, and the chi-square test was used
to compare nominal variables between 2 groups. The Kruskal-
Wallis test, followed by the Mann-Whitney U test with Bonferroni
correction, was used to compare ordinal variables between the
2 groups. A value of P<0.05 was considered statistically signifi-
cant, and after a Bonferroni adjustment, P<0.005 was considered
significant when 10 parameters were tested (0.05/10=0.005).

Results

A total of 152 patients were assessed for eligibility, from among
whom 77 patients were selected. After propensity score match-
ing, 24 patients who did not receive thoracic PVB (Control
group) and 24 patients who received thoracic PVB (PVB group)
were selected (Figure 1). Although there were significant dif-
ferences in age between the 2 groups before propensity score

matching (Table 1), no significant difference was observed af-
ter matching (Table 2).

Comparisons of NR, SBP, HR, PI, and BIS between before
and after skin incision

NR values at T1, T2, and T3, and SBP and HR values at T1 and
T2 were significantly higher than their respective values at T0
in the Control group. The Pl value at T1 and T2 was significantly
lower than that at TO in the Control group. In the PVB group,
on the other hand, SBP, HR, PI, and NR after skin incision were
not significantly different compared to those before skin inci-
sion. Thoracic PVB improved hemodynamic stability after skin
incision. BIS values from T1 to T4 were not significantly dif-
ferent compared to the values at TO in both groups (Figure 2).

Comparisons of NR, SBP, HR, PI, and BIS between Control
group and PVR group

Although NR values before skin incision (T0) were not signifi-
cantly different between the Control group and the PVB group,
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Figure 2. Comparison of SBP, HR, PI, NR, and BIS between the Control group and the PVB group at the 5 observation periods.
TO - 10 to 5 minutes before skin incision, T1 = 5 to 10 minutes after skin incision, T2 — 10 to 15 minutes after skin incision,
T3 =15 to 20 minutes after skin incision and T4 — 20 to 25 minutes after skin incision. * P<0.005 versus Control group,
#P<0.005 versus TO; Kruskal-Wallis test, followed by Mann-Whitney U test. SBP — systolic blood pressure; HR — heart rate;
Pl — perfusion index; NR — Nociceptive Response; BIS — bispectral index.

they were significantly lower in the PVB group than the Control
group at Tland T2. Thoracic PVB suppressed nociceptive levels
after skin incision. The SBP value was only significantly lower
at T2 in the PVB group compared to the Control group. HR, P,
and BIS were not significantly different between the 2 groups
from TO to T4 (Figure 2).

Intraoperative nociceptive levels

After matching, the mean NR throughout surgery, doses of con-
tinuous remifentanil infusion, and NRS score for postopera-
tive pain on PODO in the PVB group were significantly lower
than those in the Control group (Table 2). Thoracic PVB sup-
pressed nociceptive levels throughout surgery.

Discussion

In the present study, thoracic PVB suppressed the increase in
nociceptive levels after skin incision with stabilization of hemo-
dynamic responses in patients undergoing VATS. Thoracic PVB
also suppressed intraoperative nociceptive levels, as quantified

by the averaged value of NR from the start to the end of sur-
gery (mean NR throughout surgery), with reduction of the dose
of remifentanil used for continuous infusion.

To assess nociceptive levels during general anesthesia, most
anesthesiologists depend on intuition and experience based
on changes in hemodynamic responses. However, hemody-
namic responses, such as HR, blood pressure, and peripheral
blood flow indices, are affected by various other factors in
addition to nociceptive levels [3,5]. In our previous study, NR
values were better able to reflect differences in nociceptive
levels after skin incision between laparoscopic and open ab-
dominal surgeries than SBP, HR, and PI [11]. Further, they could
also differentiate between the Control group and PVB group
in the present study. This might be because changes in SBP,
HR, and PI are incorporated into the NR equation, which var-
ies less than SBP, HR, and PI during surgery, by using an ex-
ponential function [11]. Therefore, NR reflects nociceptive lev-
els better than do individual autonomic responses induced by
nociceptive stimulation.
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Previously, analgesic effects of regional anesthesia during sur-
gery under general anesthesia was evaluated by the reduc-
tion of total amount of intraoperative opioid requirement [12].
Although several monitoring devices have been designed to
evaluate nociceptive levels during general anesthesia [3-5], no
study has shown significant differences in nociceptive levels
with and without peripheral nerve blocks. Recently, Teerth et al.
reported the effects of scalp block or incision-site infiltration
on intraoperative fentanyl consumption in patients undergo-
ing craniotomy when fentanyl was administered according to
the changes in analgesia nociception index (ANI). They found
that scalp block reduced fentanyl consumption compared to
incision-site infiltration [13]. On the other hand, in the present
study, the continuous dose of remifentanil was adjusted ac-
cording to changes in blood pressure, and we found that tho-
racic PVB suppressed nociceptive levels during VATS with re-
duction of the remifentanil infusion rate and SBP. Monitoring
of nociceptive levels under general anesthesia can, thus, be
used both as an index of opioid dose, and to provide objective
information on the effect of regional anesthesia.
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A limitation of this study was that the small number of pa-
tients included, as many patients were excluded due to a high
ASA-PS class and high CRP level preoperatively. Nevertheless,
the results still indicated statistical significance.

Conclusions

Thoracic PVB suppresses nociceptive levels not only at the
skin incision, but also throughout surgery, in patients under-
going VATS under general anesthesia. The NR value provides
an objective assessment tool for the evaluation of the anal-
gesic effects of regional anesthesia under general anesthesia.
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