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Purpose: To explore the benefits of ultrasound-guided intermittent thoracic paravertebral block (TPVB) combined with intravenous
analgesia (PCIA) in alleviating postoperative nausea and vomiting (PONV) during video-assisted thoracic surgery (VATS).
Patients and Methods: 120 patients with lung carcinoma undergoing VATS were included and divided into three groups: group
S (single TPVB+PCIA), group I (intermittent TPVB+PCIA), and group P (PCIA). The patients’ NRS scores, postoperative hydro-
morphone hydrochloride consumption, and intramuscular injection of bucinnazine hydrochloride were recorded. The incidence of
PONYV and complications were documented.

Results: Compared with the group P, both group I and group S had significantly lower static NRS scores from 1-48 hours after the operation
(P <0.05), and the dynamic NRS score of group I at the 1-48 hours after the operation were significantly decreased (P <0.05). Compared with the
group P, the proportion of patients with PONV in group I was significantly lower (P <0.05), while there was no significant difference in group
S. Moreover, the hospitalization period of patients in group I was significantly reduced compared with the other two groups (P <0.01), and the
patient satisfaction was significantly increased compared with the group P (P <0.05).

Conclusion: Intermittent TPVB combined with PCIA can reduce the postoperative pain and the occurrence of PONV.

Keywords: thoracic paravertebral block, patient-controlled intravenous analgesia, video-assisted thoracic surgery, postoperative

nausea and vomiting, postoperative pain

Introduction

Video-assisted thoracic surgery (VATS) is currently the foremost clinical treatment for lung cancer, which has
gradually become the standard treatment.' Compared with traditional thoracotomy, this treatment offers the advantages
of reduced trauma, less pain, and increased preservation of postoperative pulmonary function.” Although the small
incision of VATS does mitigate to some extent, many patients undergoing VATS still report significant acute and
chronic postoperative pain.® An early study has reported chronic pain rate of 36% in VATS patients undergoing wedge
resection,” and a survey of thoracic surgery patients in the Netherlands found that 47% of VATS patients reported
chronic pain.’ Postoperative pain in thoracic surgery primarily hinders patients’ mobility and reduces their quality of
life. At present, the main clinical methods for pain relief include epidural analgesia,® intercostal nerve block,’
paravertebral block,® erector spinae block,” and so on. As a widely used analgesic drug in clinical practice, opioids
can act on the p, k, and & receptors on the peripheral nervous system, spinal cord, and brain, resulting in a potent
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analgesic effect.'® In addition, postoperative nausea and vomiting (PONV) is common in patients undergoing VATS."'
However, opioids are also an independent risk factors for PONV, with the incidence of PONV being related to the dose
and duration of opioid use.'? Therefore, clinically reducing the dose of perioperative opioids may help reduce the
incidence of PONV.

Paravertebral block (PVB) is considered one of the preferred regional anesthesia technique that can effectively relieve
postoperative pain in patients undergoing thoracic and upper abdominal surgery, with the advantages of easy learning, high safety,
and simplicity."® Previous studies have employed an ultrasound-guided single thoracic paravertebral block (TPVB) technique in
combination with patient-controlled intravenous analgesia (PCIA) to reduce the incidence of chronic pain in patients undergoing
open-heart surgery.'* This treatment was found to reduce the incidence of moderate and severe postoperative pain, as well as
PONYV. However, opioids remain the main drugs used to control postoperative analgesia, which can still affect the postoperative
rehabilitation of patients through PONV. Apart from causing physical discomfort to patients, PONV can also increase arterial
pressure, intracranial pressure, intraocular pressure, and the risk of complications such as reflux aspiration, postoperative bleeding,
and suture rupture.'® Moreover, the length of the patient’s stay in the postoperative anesthesia recovery room and hospitalization
time would be prolonged, and ultimately increases medical costs."

Therefore, we hypothesized that the use of ultrasound-guided intermittent TPVB combined with PCIA technique for analgesia
treatment after thoracoscopic radical lung cancer surgery is promising to address the above problems. The aim of this study is to
investigate the advantages of ultrasound-guided intermittent TPVB combined with PCIA, and to find a superior anesthetic method
for relieving patients’ postoperative pain, decreasing the incidence of PONV, and promoting patients’ recovery. Our results
suggest that intermittent TPVB combined with PCIA can reduce the postoperative pain and the occurrence of PONV.

Methods
Study Design and Participants

This prospective randomized controlled trial was conducted in patients with lung carcinoma undergoing VATS at Hospital of
Zhejiang Province Affiliated to Wenzhou Medical University, from June 2021 to December 2021. Patient inclusion criteria
included: (i) preoperative chest computed tomography examination and postoperative pathological findings diagnosed as lung
cancer; (ii) surgical procedure was VATS; (iii) signed patient informed consent. Exclusion criteria included: (i) allergy to local
anesthetic drugs; (ii) hypovolemia, hematological disease or abnormal coagulation function; (iii) infected foci at the puncture site
(ie, redness, swelling and heat); (iv) body mass index > 35 kg/m?; (v) chronic opioid and analgesic use; (vi) combined severe
hypertension, diabetes mellitus, and long-term use of cortisol hormones; (vii) inability to understand and use the Numerical

Rating Scale (NRS, a commonly used pain rating scales)'®'’

and PCIA; and (viii) patients who refused to participate in the study.

The sample size of the study was calculated according to our preliminary study, 40 patients in each group would have
an 80% power to detect differences in the incidence of PONV between the three groups using two-sided analysis with an
error of 0.05. Therefore, 154 cases were sequentially admitted. Among them, 26 did not meet the exclusion criteria, and 8
declined to participate. Ultimately, a total of 120 participants were enrolled according to the inclusion and exclusion
criteria set by the study. The patients were divided into three groups via digital randomization: the group S (ultrasound-
guided single TPVB combined with PCIA, n=40), the group I (ultrasound-guided intermittent TPVB combined with
PCIA, n=40), and the group P (PCIA alone, n=40).

This study completed registration in the Chinese clinical trial registry on June 18, 2021 (registration number:
ChiCTR2100047423; Date: 18/06/2021). The study was performed after obtaining approval from the Ethics
Committee of Hospital of Zhejiang Province Affiliated to Wenzhou Medical University (K20210507) and written
informed consent from the patients. The study adhered to the principles of the Declaration of Helsinki.

Procedure

All patients who underwent elective surgery were subject to preoperative fasting and were not given preoperative
medications. Concerning fasting, all enrolled patients’ fasting conditions were determined in accordance with the pre-
operative fasting guidelines for adult and children surgical anesthesia (2014). Specifically, abstinence from clear fluids
was mandated two hours prior to anesthesia induction, abstention from starchy solid foods and refraining from milk and
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formula milk were stipulated six hours before anesthesia induction, and avoidance of fatty solid foods was required eight
hours before anesthesia induction. Moreover, pre-operative assessment was conducted on the day preceding the surgery,
evaluating patients’ susceptibility to PONV using the Apfel scoring system. Accordingly, the risk factors outlined by the
scoring system, including female gender, non-smoking status, a history of previous PONV, and postoperative opioid
usage, were assigned a score of 1, resulting in a total score range of 0 to 4. PONV risk was categorized as low (scores
0, 1), moderate (score 2), and high risk (scores 3, 4).'8

Upon entering the operating room, patients were routinely monitored with electrocardiogram, heart rate, invasive
blood pressure, pulse oxygen saturation, and respiration. After opening the peripheral veins, all patients undergo fluid
maintenance therapy, primarily for the following reasons:1. Hypovolemia after nighttime fasting is thought to exacerbate
PONYV; 2. Pre-operative administration of crystalloids and colloids significantly reduces the incidence of PONYV, with
both crystalloids and colloids found to be equally effective in preventing PONV; 3. Fluid maintenance therapy can allow
intravenous anesthetics to continuously enter the body to maintain sufficient depth of anesthesia.'”*® Specifically, all
patients were given 5 mL/kg of colloid solution, followed by a 1:2 infusion of colloid solution and crystalloid solution at
a rate of 8 mL/kg/h. Patients in the three groups underwent routine induction of general anesthesia with general
anesthetic induction drugs including propofol (2-3 mg/kg), fentanyl injection (5 pg/kg), continuous infusion of remi-
fentanil infusion (0.2-0.5 pg/kg/min), and rocuronium. The ventilator parameters were set with a VT of 6-8 mL/kg, RR
of 10-14 times/min, and maintenance PETCO2 of 35-45 mmHg. Intraoperative anesthesia was maintained with
sevoflurane, remifentanil infusion (0.1-0.5 pg/kg/min), and intermittent additional measures were taken as necessary.

In groups I and S, ultrasound (Sonosite Portable Ultrasound, USA, M-Turbo) was performed under the guidance of
the affected TPVB block before the start of surgery after induction of anesthesia. The patient was placed in an upward-
facing lateral position with the high-frequency linear probe placed parallel to the T4 vertebral body level and with a 2—
3 cm lateral offset to obtain suitable visualization. After confirming the anatomical position of the pleura, transverse
process, and paravertebral space, an in-plane needle approach technique was used, ie, the path of the puncture needle
from the cephalad to the caudal side was completely visualized on the ultrasound image. In group S, 20 mL of 0.25%
ropivacaine injection was injected after bloodless and airless retraction, while in group I, a catheter was placed and fixed,
and 20 mL of 0.25% ropivacaine injection was injected through the catheter after pumping back bloodless and airless.
A 300 mL of electronic analgesic pump was then connected for programmed intermittent injection of drugs at 6-hour
intervals with 20 mL of 0.25% ropivacaine injection, and the analgesic pump was formulated with 10 ropivacaine
injections diluted to 300 mL, and the subpleural pressure sign could be observed on the ultrasound image.

Each patient received a 100 mg flurbiprofen injection for analgesia and a 3 mg granisetron injection for PONV prophylaxis
before suturing the skin at the end of surgery. After discontinuing all anesthetic maintenance drugs at the end of surgery, patients
were sent to the recovery room for resuscitation. Patients were given an intravenous electronic analgesia pump with 12 mg
hydromorphone hydrochloride (6 doses in total) diluted to 300 mL (6 mL per bolus, lock time 15 min, no background dose) for
each patient after recovery room. If the patient’s NRS score on the ward was still greater than 4, remedial treatment of pain was
performed using the appropriate dose of bucinnazine hydrochloride intramuscularly.

Evaluation Parameters

Incidence of PONV in patients, NRS scores in the quiet and dynamic states at 1, 6, 12, 24 and 48 h postoperative time
points, the amount of postoperatively hydromorphone hydrochloride used, the number of intramuscular bucinnazine
hydrochloride injections, the occurrence of complications such as respiratory depression and pruritus, and any complica-
tions such as spinal nerve injury, hematoma, and pneumothorax that occur during follow-up.

Patient Satisfaction Survey

This study conducted a satisfaction survey questionnaire for hospitalized surgical patients, encompassing evaluations of
satisfaction in six aspects: medical technical quality, medical processes, medical ethics and professionalism, doctor-
patient communication, medical expenses, and hospitalization environment. The Likert five-point scale was employed for
representation in the following order: very dissatisfied, dissatisfied, general, satisfied, and very satisfied. Of these,
satisfactory and very satisfactory were defined as patients being satisfied.
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Statistical Analysis

Means =+ standard deviations were used for measurement data, independent #-test for normal distribution, and ANOVA for
non-normal distribution. Medians + quartiles and rates were used for count data, and Kruskal-Wallis test and chi-square
test were used. The statistical software was SPSS 22.0, and a significant difference will be defined as a P value <0.05.

Results

Patients’ Characteristics and Operative Data

A total of 120 patients who underwent VATS were enrolled in this study. Figure 1 shows the consort flow chart of the
study. None of the patients experienced spinal nerve injury, hematoma, pneumothorax, or other VATS-related complica-
tions upon awakening. There were no significant differences in demographic data, American Society of Anesthesiologists
(ASA) scores, anesthesia time, and operative time between the three groups of patients. The baseline characteristics of
the patients and surgical data are shown in Table 1. Table 2 shows the Apfel scores of the patients from the three groups.

Outcomes

Compared with the group P, the proportion of patients with postoperative nausea (P=0.001) and vomiting (P=0.013) was
significantly lower in group I, while there was no significant difference in group S (Table 3). Compared with group P, the
length of hospitalization time was significantly reduced in group I (P=0.000), and the patient satisfaction was signifi-
cantly increased in group I (P=0.013). In contrast, there was no significant difference in the satisfaction of patients
between group S and group P. The occurrence of pruritus symptoms did not differ significantly among the three groups,
and no other postoperative complications were observed (Table 3).

Static and dynamic NRS scores were recorded for all patients at 1 h, 6 h, 12 h, 24 h, and 48 h after awakening.
Compared with group P, static NRS scores were significantly lower in groups I and S at 1 to 48 h after surgery, with more
significant decreases at 12 h, 24 h, and 48 h (group I vs group P, 1h after surgery: P=0.011; 6h after surgery: P=0.012;
12-48h after surgery: P=0.000) (group S vs group P, 1h after surgery: P=0.011; 6h after surgery: P=0.012; 12h after
surgery: P=0.001; 24-48h after surgery: P=0.000). Compared with group P, dynamic NRS scores at 1 to 48 h after
surgery were significantly lower in group I (1h after surgery: P=0.002; 6—48h after surgery: P=0.000), while dynamic

| Assessed for eligibility (n=154)

Excluded (n=34)
—» Not meeting inclusion criteria (n=26)
Declined to participate (n=8)

\ 4
| Randomized (1=120) |

Allocation

| Allocated to group | (n=40) | | Allocated to group S (n=40) | | Allocated to group P (n=40) |

Follow-up

| Lost to follow-up (n=0) || Lost to follow-up (n=0) || Lost to follow-up (n=0) |

v \4 v

Analyzed (n=40) Analyzed (n=40) Analyzed (n=40)
* Excluded from analysis(n=0) * Excluded from analysis(n=0) * Excluded from analysis(n=0)

v

v v v

Figure | Flow diagram of the patient inclusion in this study.
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Table | Baseline Characteristics and Operative Data of Patients in Three Different Treatment Groups

Characteristics Group | (n=40) | Group S (n=40) | Group P (n=40) P value
Age (year) 56.08x11.15 57.13+10.49 57£10.57 0.896
Gender 0.741
Female 22 19 19
Male 18 21 21
BMI (kg/m?) 23.05+2.32 23.22+2.50 23.05+2.32 0.934
ASA grade 1.000
I 36 34 35
n 4 6 5
Anesthesia time (min) 170.50+63.25 170.25+50.4 173.75+24.04 0.939
Surgery time (min) 104.08+55.79 139.23+47.97 140.6+19.89 0.990
Total dose of fentanyl (ug) 422,350+54,280 424,300+56,460 421,680+52,960 0.976
Total dose of remifentanil (ug) 2.22+1.21 2.36+1.02 2.34%1 0.622

Abbreviations: BMI, body mass index; ASA, American Society of Anesthesiologists.

Table 2 Apfel Score of Patients in Three Groups

Apfel Score | Group | (n=40) | Group S (n=40) | Group P (n=40) P value
0 0 (0%) 0 (0%) 0 (0%) 0.994
| 8 (20%) 7 (17.5%) 6 (15%)

2 12 (30%) 13 (32.5%) 14 (35%)

3 17 (42.5%) 17 (42.5%) 18 (45%)

4 3 (7.5%) 3 (7.5%) 2 (5%)

Table 3 Comparison of Postoperative Clinical outcomes Between Groups

Clinical Outcomes Group | (n=40) Group S (n=40) Group P (n=40) P value
Nausea (n, %) | (2.5%)" 6 (15%) 12 (30%) 0.003
Vomiting (n, %) I (2.5%)" 3 (7.5%) 8 (20%) 0.040
Pruritus (n, %) 0 (0%) 0 (0%) 2 (5%) 0.328
Hospitalization time (days) 4.43%) 777 4.612.26 8.35+2.96 <0.001
Satisfaction (n, %) 39 (97.5%)* 36 (90%) 32 (80%) 0.045

Notes: P <0.05, “P <0.01, P <0.001, compared with group P; *P <0.05, compared with group S.

NRS scores in group S were significantly lower only at 1 h, 6 h, and 12 h compared with group P (1h after surgery:
P=0.002; 6-12h after surgery: P=0.000). Meanwhile, the dynamic NRS scores at 12 to 48 h after surgery were
significantly lower in group I compared with group S (P=0.000) (Table 4).

Moreover, the number of pain pump presses and the amount of hydromorphone hydrochloride consumed in the
postoperative period were significantly lower in groups I and S than in group P (£=0.000), and the number of presses and
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Table 4 Postoperative NRS Scores in Three Groups

NRS Score Group | (n=40) Group S (n=40) Group P (n=40) P value
Dynamic NRS score
Ih after surgery 0 (0-0)"* 0 (0-0)"* 0 (0-2) <0.001
6h after surgery 0 (0-1)"* 0 (0-1)"* I (0-4) <0.001
12h after surgery 0 (01 2 (0-4)™* 3 (1-5) <0.001
24h after surgery 0 (0—2)"x 3 (2-5) 3 (2-5) <0.001
48h after surgery 0 (0—2) ek 3(1-4) 3 (2-5) <0.001
Static NRS score
Ih after surgery 0 (0-0)* 0 (0-0)* 0 (0-1) 0.002
6h after surgery 0 (0-0)* 0 (0-0)* 0 (0-2) <0.001
12h after surgery 0 (0-0)"* 0 (0-0)"** I (0-3) <0.001
24h after surgery 0 (0-0)™* 0 (0-0)™* I (0-3) <0.001
48h after surgery 0 (0-0)"* 0 (0-0)"* I (0-3) <0.001

Notes: Data are expressed as median (minimum-maximum). “P <0.05, *P <0.01, *#p <0.001, compared with group P;
P <0.001, compared with group S.
Abbreviation: NRS, Numerical Rating Scale.

Table 5 Comparison of Postoperative Analgesic Use in Three Groups

Analgesic use Group | (n=40) Group S (n=40) Group P (n=40) P value
The number of effective analgesic pump compressions within 48 hours 2.68+5.44 #icx 30.86.71 42.95+5.75 <0.001
Dosage of hydromorphone hydrochloride (mg) 0.642:£1.305 #hierr 7.390+1.611 7 10.308+1.381 <0.001
Intramuscular bucinnazine hydrochloride (n, %) 0 ###icx 22 (55%) 30 (75%) <0.001

Notes: P <0.001, compared with group P; ¥**P <0.001, compared with group S.

the amount of hydromorphone hydrochloride consumed in group I were significantly lower than in group S (£=0.000).
The number of patients who received intramuscular bucinnazine hydrochloride in the postoperative period was 0 in group
I, which was significantly lower than in groups S and P (P=0.000), and the number of patients who used bucinnazine
hydrochloride between groups S and P did not differ significantly (P=0.061) (Table 5).

Discussion
PONV is a prevalent and distressing clinical complication, with reported incidence rates as high as 80% in high-risk
patients.?""** Various studies have indicated that the incidence of PONV is associated with the use of inhalational
anesthesia and opioid analgesics, as well as procedures such as cholecystectomy, laparoscopic surgery, and gynecologic
surgery, which increase the risk of PONV.?*** It has been reported that about two-thirds of patients experience moderate
to severe early postoperative pain after surgery.”> Opioids are the most widely used and effective analgesics for the
treatment of severe pain, including chronic, acute, and postoperative pain.*® Previous clinical studies have typically
reduced the incidence of PONV by minimizing the dose of perioperative opioids. Prevention of PONV and reduction of
its incidence can alleviate the associated pain and promote the rapid recovery of patients.?’®

TPVB is an efficient method for reducing postoperative pain, with high success rate and easy operation.”’ Compared
with general anesthesia, TPVB used for surgical anesthesia in thoracic and lumbar spine can reduce immediate
postoperative pain, as well as the incidence of PONV, while enhancing patient satisfaction.'> Chen et al have reported
that the combination of TPVB and PCIA can effectively reduce opioid use and result in lower NRS scores in comparison
to PCIA alone.*® Similarly, a study by Vogt et al has demonstrated that a single TPVB combined with PCIA significantly
reduced acute postoperative pain in patients undergoing thoracoscopic surgery compared to PCIA, reducing the 6-month
postoperative pain incidence.>' Our study also showed that static, dynamic NRS scores were significantly lower in group
I as well as part of group S compared to group P. A survey of analgesia techniques for thoracic surgery in the United

936 https: Journal of Pain Research 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ma et al

Kingdom revealed that a single TPVB combined with PCIA can be used as an alternative to continuous thoracic epidural
analgesia during thoracotomy and is gaining popularity.*®> A study by Kailaroma et al showed that the benefits of TPVB
became more evident with longer follow-up, that patients who received TPVB had less exercise-related pain and less
pain at rest, and that the role of TPVB in preventing chronic pain continues to evolve.*?

Previous studies have identified and compared the benefits of different types of TPVB. For instance, Chen et al showed that
programmed intermittent pushing reduced local anesthetic consumption compared to continuous infusion techniques after
VATS.* However, Unkart et al pointed out that adding continuous perioperative TPVB to single TPVB did not significantly
reduce pain scores.’ Nevertheless, the comparison between intermittent TPVB and single TPVB has not yet been reported, and
few studies have elucidated the effect of intermittent TPVB on the incidence of postoperative PONV in patients. Intermittent
TPVB is delivered regularly by an automatic infusion pump and in recent years is considered to be mostly used for peripheral
nerve blocks.*® Theoretically, intermittent infusion can maintain more anesthetized dermatomes for TPVB.>’ In this study, we
compared the postoperative pain level, the incidence of PONV and patient satisfaction in patients with single-shot TPVB
combined with PCIA and intermittent TPVB combined with PCIA. The results of the study showed that both the intermittent
TPVB and single-shot TPVB combined with PCIA can reduced the postoperative pain level of patients, and the effect of
intermittent TPVB combined with PCIA was more significant. It proved that intermittent TPVB combined with PCIA has good
postoperative analgesic effect, which can relieve the postoperative pain of patients undergoing VATS or even eliminate the need
for drug analgesia, shorten the hospitalization time of patients and improve the postoperative satisfaction of patients.

Exogenous opioids produce analgesia mainly by acting on Mu-Opioid Receptor in glutamatergic excitatory neurons.*®
However, the use of opioids in pain control is also controversial. Apfel et al showed that intraoperative opioid use did not
significantly exacerbate PONV, while postoperative opioid use was one of the risk factors for the development of
PONV.?** Opioids, while acting as analgesics, can have a large number of negative effects on patients, such as nausea,
vomiting, dizziness, excessive sedation, addiction, and other side effects.® Therefore, reducing the use of postoperative
opioids may be able to reduce the incidence of postoperative PONV. Ziemann-Gimmel’s study noted an association
between opioid-free and a reduced relative risk of PONV.*® The results of this study likewise showed that hydromor-
phone hydrochloride consumption was significantly less in group I than in groups S and P after surgery. Compared with
group P, group I was able to significantly reduce the incidence of postoperative vomiting and nausea complications and
had higher patient satisfaction. Meanwhile, there was no significant difference in postoperative vomiting and nausea in
group S compared with group P. It was demonstrated that the reduction of hydromorphone hydrochloride use could
improve the incidence of nausea and vomiting and postoperative quality of life of patients. The consensus guidelines for
the management of PONV'? pointed out that reducing intraoperative and postoperative opioid use is one of the strategies
to reduce the incidence of PONV, and intermittent TPVB combined with PCIA can effectively reduce postoperative
hydromorphone hydrochloride use, thus achieving the goal of reducing the PONV incidence in patients.

In conclusion, this study found that compared with PCIA alone and single-shot TPVB combined with PCIA,
intermittent TPVB combined with PCIA has a better postoperative analgesic effect and can reduce the dose of
postoperative opioids, mitigate the incidence of PONV, and shorten the hospitalization time of patients. This technique
provides new insights for reducing patient pain after thoracoscopic surgery, promoting rapid patient recovery, and
reducing treatment costs.

However, the limitation of our study is that it is a single-institution study with a small sample size. In addition to
expanding the sample size in future studies, we also need to explore the costs and benefits, and pay attention to the
potential discomfort that intramuscular injection may cause to patients.

Data Sharing Statement
All data generated or analyzed during this study are included in this published article. The authors state that all data in the
manuscript are available from the corresponding author on reasonable request.
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