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Acute and chronic pain are two completely distinct universes. The clinical aspects
underlying their physiopathology, epidemiology, and therapeutic problems are different.
Acute pain is generally caused by a definite illness or trauma, and is usually limited to
the period of time required to repair the damage. By contrast, chronic pain is not just a
symptom and becomes a disease itself, affecting different aspects of the patient′s health-
related quality of life [1]. In this context, the biological injury is no longer the main actor.
Chronic pain is not a linear experience directly induced by sensory inputs that are evoked
by the stimulation of nociceptors (“nociception”) [2]. It is a multidimensional experience
induced by the activation of a diffuse brain network (pain matrix) and involving a widely
distributed neural network. A complex series of biopsychosocial phenomena paint clinical
pictures that often highlight a cause (secondary chronic pain), although some subtypes of
chronic pain are not directly related to a disease (primary chronic pain) [1]. Consequently,
the management of this leading source of suffering can be very challenging [3].

Pain occurring after surgery is called postoperative pain (POP). This type of acute
pain is usually predictable and is characterized by a high intensity and short duration
(usually 2 to 5 days). The clinical aspects of POP may vary from patient to patient and for
the same individual over time. They depend on the pre-existing pathology and anatomy as
well as on the type and invasiveness of the surgical approach. Distinct variables such as
psychological factors, as well as cultural, religious, and socioeconomic aspects, and other
components may impact the clinical features of the pain.

Clinically, POP involves various troublesome sensory and emotional experiences that
may or may not be combined with autonomic and behavioral changes. When excessive and
prolonged, these complicated humoral responses, which are originally aimed at maintaining
homeostasis, can provoke organic, psychological, and behavioral changes such as anxiety,
insomnia, and depression. If not accurately managed, POP can develop into a composite
chronic pain problem [4]. In this context, chronic postsurgical pain (CPSP) is characterized
by painful symptoms at the site of the surgical wound or in related areas. This pain lasts for
more than 3 months and is not due to surgical complications [1]. Although the magnitude
of the phenomenon varies according to the type of surgery, approximately one patient in
four suffers from mildly severe CPSP, and one in six suffers from very severe symptoms [5].

CPSP is associated with significant discomfort, distress, and disability. Given the
clinical and social impacts of CPSP, its prevention is of paramount importance. Regional
anesthesia techniques can represent a favorable approach to addressing this issue [6]. In a
prospective cohort study, Wiech et al. [7] assessed the effects of bilateral erector spinae plane
block (ESPB) on the severity and incidence of CPSP in patients undergoing coronary artery
bypass grafting via sternotomy. They administered 0.375% ropivacaine under ultrasound
guidance before the induction of general anesthesia and proved that, compared with that
in the control group (n = 24), the CPSP intensity was lower in patients treated with the
block (n = 27). The result was significant at 1, 3, and 6 months after surgery (p < 0.001).
Significant differences in favor of the ESPB group were also reported for the opioid intake,
mechanical ventilation time, and hospital length of stay.

J. Clin. Med. 2022, 11, 6667. https://doi.org/10.3390/jcm11226667 https://www.mdpi.com/journal/jcm
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Regional anesthesia techniques have also been investigated for evaluating the short-
term effects of preventive analgesic strategies on POP. In a single-blinded, randomized
controlled trial, Kim et al. [8] evaluated the analgesic efficacy of ESPB combined with
intercostal nerve block (ICNB). In particular, they compared this combination with a
strategy focused on the association of thoracic paravertebral block (PVB) and ICNB in
patients (n = 52) who underwent video-assisted thoracic surgery (VATS). The results
showed that ESPB was not inferior to PVB when combined with ICNB for addressing pain
at 24 and 48 h after the operation.

Thoracic ESPB is a simple and secure procedure. It can provide effective postoperative
analgesia [9] and reduce the opioid consumption and length of stay after surgery [10].
Hochberg et al. [11] conducted a retrospective analysis to evaluate the efficacy of ESPB (10
mL of 1% lidocaine plus 10 mg of dexamethasone for a unilateral technique; 15–20 mL of
1% lidocaine and the same dose of the synthetic glucocorticoid for a bilateral approach)
in patients suffering from pain related to chronic thoracic cancer (n = 44) and non-cancer-
related pain (n = 66). Their results showed a mean reduction in pain scores (NRSs) of
2.4 points (p > 0.001) compared to the pre-procedure values. Prospective trials should be
conducted to better define the operative modalities in different clinical settings.

Divergences between women and men in pain concern both sex and gender, where the
word “sex” applies to human anatomy and physiology, and the word “gender” is related
to psychosocial relationships [12]. Raak et al. [13] conducted a secondary analysis of a
randomized controlled clinical trial for studying gender differences after lumbar spinal
sequestrectomy due to degenerative diseases of the lumbar spine. The outcomes included
the pain intensity (VAS), affective and sensory pain perception, and morphine equivalent
doses of opioid painkillers used. The authors found no significant differences in any of the
outcomes between men (n = 46) and women (n = 42). Since previous investigations found
worse pain, disability, and quality of life in women than in men [14], further studies are
warranted to clarify the gender differences in this clinical setting [15].

Several innovative and interesting mathematical approaches can be applied to the
study of POP. For example, pain can be viewed as a trajectory rather than as one or more
simple point estimates of its degree [16]. In a prospective monocentric cohort study, Dorges
et al. [17] studied the pain trajectories in patients who underwent posterolateral (n = 92)
or axillary thoracotomies (n = 89). They recognized four trajectories of postoperative pain,
including a “worst” trajectory (30%) with constantly high pain; a trajectory with constantly
low pain (32.6%); another trajectory with a steep decrease in pain (22.7%); and, finally,
a trajectory featuring a steep increase (15%). Notably, the risk factors for chronic pain
were the occurrence of preoperative pain (OR = 6.94; CI 95% (1.54–31.27)) and scar length
(OR = 1.20 (1.05–1.38)). On the contrary, ASA class III seemed to be a protective factor for
the worst pain group (OR = 0.02 (0.001–0.52)).

As highlighted in other articles collected in this Special Issue, regional anesthesia
techniques are an interesting field of study. Researchers are seeking innovative approaches
that are easy and safe. In a case report, Petrucci et al. [18] described an adjusted technique
for ultrasound-guided thoracic PVB via the thoracic intervertebral foramen in a patient
who underwent emergent laparotomy due to a small intestinal volvulus. They used two
continuous catheters for a bilateral extended block (levobupivacaine 0.25% at a rate of
5–8 mL/h) and conducted clinical observations and virtual dissections to demonstrate the
effective spread of the injection. The “Petrucci’s block” is a fascinating perspective, but a
cadaver study is necessary to refine the technique and proceed with its clinical validation.

In pregnant women, cerebrospinal fluid outflow after spinal anesthesia for a cesarean
section can cause headaches, vomiting, and nausea. Since ketamine increases intracranial
pressure, it could prevent postpuncture symptoms due to perioperative hypocranial pres-
sure. Liang and collaborators [19] conducted a systematic review and meta-analysis on
the topic. The search strategy yielded 12 randomized trials (n = 2099), and, interestingly,
there was no significant association between intravenous ketamine and the improvement
of symptoms due to hypocranial pressure.
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Chronic cancer pain is a subset of chronic secondary pain produced by a primary
cancer itself, its metastases, or its therapy [1]. Its management requires a complex and
multimodal approach. Telemedicine-based strategies can be adopted for this aim [20].
Nevertheless, there is a need for establishing the correct model of care by combining
remote consultations and in-person visits for emergencies or for diagnostic or clinical aims.
Predictive models are a meaningful opportunity in medicine, and machine learning (ML)
approaches can probably be used for designing careful telemedicine processes. In a study
conducted at the Istituto Tumori Fondazione Pascale (Italy), the authors implemented
different ML models including random forest, gradient boosting machine, a single layer
artificial neural network, and the LASSO–RIDGE algorithm to define the variable(s) that
can influence the number of remote consultations. The ML-based simulations demonstrated
that this parameter can be influenced by selected variables, mostly the patient’s age, the
cancer type, and the occurrence of bone metastases [21].

Multimodal analgesia is fundamental for acute and chronic pain management. Ne-
fopam is a centrally acting, non-opioid, non-steroidal analgesic drug. Several studies have
demonstrated its efficacy for multimodal analgesia [22]. In a randomized, single-blinded,
controlled trial reported in this Special Issue, the authors evaluated the analgesic efficacy
of the intraoperative administration of nefopam (20 mg after induction and 15 min before
the end of surgery) [23]. The patients of the nefopam group (n = 50) and control (n = 49)
underwent VATS for lung cancer. The results indicated that the pain intensity at 72 h after
the operation and after 3 months (chronic pain) and the total opioid consumption did not
vary between the groups. Since nefopam has not been assessed in this setting, the results
have important value in this research field.

In conclusion, the articles in this Special Issue should be helpful for identifying gaps
in the prevention, diagnosis, and management of acute and chronic pain issues.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: This case report describes a modified approach for a thoracic paravertebral block by
performing a bilateral ultrasound-assisted injection of 12 mL of 0.5% levobupivacaine near the
thoracic intervertebral foramen, combined with general anesthesia, in a patient who underwent
emergent laparotomy for small intestinal volvulus. Two continuous catheter sets were used for a
bilateral continuous block with levobupivacaine 0.25% at a rate of 5–8 mL/h. No complications
during the execution of the block were recorded. No supplemental opioids were administered
and the patient was hemodynamically stable, requiring no pharmacological cardiovascular support
during surgery. At the end of the surgical procedure, the patient received a continuous flow of 0.2%
levobupivacaine as postoperative analgesia, at a basal flow of 4 mL/h per each side, a bolus of 4 mL,
and a lockout time of 60 min was used. The postoperative pain on the Numeric Rating Scale was 2 at
rest and it was 4 in motion, without neurological or respiratory sequelae due to block in the first 72 h
after surgery.

Keywords: anesthesia; regional anesthesia; pediatric anesthesia; adolescent; paravertebral block;
epidural anesthesia; pain; postoperative pain; anesthetic absorption; local anesthetic

1. Introduction

Regional anesthetic techniques provide anesthesia during surgery followed by ef-
fective long-acting postoperative analgesia [1,2]. International literature underlines the
role of regional anesthesia in the improvement of perioperative pain control, reducing the
request for opioids and related side effects [3,4]. Epidural analgesia (EA) and thoracic
paravertebral block (TPVB) are considered useful techniques for the control of postopera-
tive pain of thoracic and visceral abdominal surgery, as well as from the opioid sparing
point of view [5]. The current literature on ultrasound-guided TPVB describes a wide
range of techniques for use on patients and cadavers, but it is currently not possible to
provide an evidence-based recommendation on the choice between techniques. Many
factors can influence the weighing of procedure choice, because of individual preferences
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per individual physician, skills, and experience with other ultrasound-guided regional
anesthesia techniques and with landmark-guided blockades [6]. Thus, we hypothesized an
alternative way to perform this block, attempting to minimize the relative disadvantages of
the various described techniques and the risk of iatrogenic damage [7,8].

During an alternative approach for the TPVB, the local anesthetic (LA) spreads into the
thoracic paravertebral space through the needle tip, which is placed over and behind the
transverse process (TP) of vertebra, via the thoracic intervertebral foramen (TIF). We found
that injecting into this site was successful in clinical terms. This technique was named the
TIF block.

Based on our clinical observations and virtual dissections, we hypothesized that
injection at this site would result in an effective injection spread, presumably because the
thoracic paravertebral space (TPVS) and epidural space (ES) could be reached by TIF [9].

In this case report, we performed a bilateral continuous TIF block, providing opioid-
free anesthesia and postoperative analgesia for emergent laparotomy (EL) due to a small
intestinal volvulus.

2. Case Presentation

On 12 October 2021, at the San Salvatore Academic Hospital of L’Aquila (Italy), the
alternative approach to thoracic paravertebral block (TPVB) was performed on a 17-year-
old male who had EL for a small intestinal volvulus associated with bowel obstruction and
ischemia. The patient was 165 cm tall and weighed 70 kg (BMI was 25.71). He was taking
bronchodilators and inhaled corticosteroids because of asthma. The American Society of
Anesthesiologists (ASA) status was II. A consent form, signed by a legal surrogate of the
patient, was obtained for the execution of the anesthesia, while the consent for publication
was subsequently signed by the patient, who, in the meantime, had reached the age of
majority according to Italian law.

Peripheral venous access was obtained and 2.5 mg of midazolam and 0.1 mcg·kg−1

sufentanil were administered intravenously before execution of the block. The patient was
placed in the left and then right lateral position to perform the bilateral block. Ultrasonog-
raphy was performed from the seventh cervical spinous process (SP) to the tenth thoracic
SP vertebra. The tip of the spinous process (SP) of the tenth thoracic vertebra (T10) was
identified using a high-frequency linear array ultrasound (US) transducer (EDAN, Acclarix
AX4, Rome, Italy), which was transversally placed. We began ultrasound scanning in the
transverse plane, visualizing the tip of spinous processes as hyperechoic, round shapes
with acoustic shadowing beneath it. A protective plastic sheath was used for the US proce-
dure. The transducer was slightly moved from the medial to the lateral direction, while
maintaining a transverse orientation and was observed at the angle between the SP and TP.
This was visualized as a caved structure that lay deep on the fascial plane of the erector
spinae muscle (ESM). The skin site of injection was anesthetized with 2 mL of lidocaine 1%.
A Tuohy needle (18 gauge, 90 mm, Contiplex, BBraun, Bethlehem, PA, USA) was gently
inserted, in-plane to the US beam in a lateral-to-medial direction to contact the SP, into the
skeletal muscle plane of the erector spinae muscle (ESM). Then, the needle tip was moved
from the cephalic to the caudal direction, tilting the probe in the same direction when the
angle between the TP and SP was reached (Figure 1). Subsequently, the needle tip was
gently inserted and advanced 2 mm along the superior limit of the vertebral pedicle, until
losing contact with the bone. Six milliliters of levobupivacaine 0.5% were subsequently
injected. Similarly, the same anesthetic solution was injected from the caudal in the cephalic
direction, overcoming the inferior articular process, 2 mm along the inferior limit of the
vertebral pedicle (Figures 1 and 2). Injection pressure monitoring was provided by using the
half-the-air technique through a three-way stopcock, which was used to keep the injection
pressure below 15 psi [10,11]. The anesthetic procedure was performed bilaterally. Two
continuous catheter sets were used and threaded 1 cm from the needle tip for a bilateral
continuous block. The catheters were inserted from the caudal in the cephalic direction
(Figure 2) and were secured using a cyanoacrylate tissue adhesive (Dermabond, Ethicon,
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Somerville, NJ, USA) and two layers of a transparent adhesive dressing (TegadermTM, 3M,
Maplewood, MN, USA) to prevent retrograde leakage. Cold tests and touch tests were
performed bilaterally every 2 min and the patient was judged operable when a loss of cold
and touch sensations was observed for the T7 to T12 dermatomes, in a 4 cm lateral line to
the thoracic spine and to the parasternal line.

Figure 1. Ultrasound-assisted thoracic intervertebral block. The anesthesiologist injected local
anesthetic by overcoming the angle (a, black points) between the spinous (SP) and transverse process
(TP) of vertebra. (A) The needle back was moved upwards (black arrow), directing the tip from the
cephalic to caudal position; (B) the needle back was moved down (yellow arrow), directing the tip
from the caudal to cephalic position. The transducer was slightly moved from the medial to lateral
direction, while maintaining a transverse orientation and observing the angle (a) between SP and TP.
This was visualized as a caved structure (black points) that lay deep on the fascial plane of the erector
spinae muscle (ESM). The needle (white stars) was inserted and advanced along the inferior (C) and
the superior (D) limit of the angle between TP and SP, until losing contact with the bone.

Figure 2. Needle direction and catheter position. Black arrow A indicates the needle tip position
in the cephalic to caudal direction; black arrow B indicates the needle tip in the caudal to cephalic
direction. Black line C is the catheter position, inserted from the caudal to the cephalic direction.
Yellow lines represent the transforaminal ligaments.
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General anesthesia was induced with propofol 2 mg·kg−1. Rocuronium 0.6 mg·kg−1

was administered to facilitate the intubation with an endotracheal tube. Anesthesia was
maintained with sevoflurane 1.5–2% in oxygen with positive pressure ventilation in a circle
system. A bolus of 5 mL levobupivacaine 0.5% was injected through the catheter, followed
by a continuous infusion of levobupivacaine 0.25% at a rate of 5–8 mL/h (2.5–4 mL/h for
side, titrated to patient weight and clinical effect) using an infusion pump (CADD-Solis,
Smiths Medical, Dublin, OH, USA), before surgical incision. ASA guidelines for anesthetic
monitoring were respected [12].

No complications due to the execution of the block were recorded. No supplemental
opioids were administered and the patient was hemodynamically stable, requiring no
pharmacological cardiovascular support during surgery. At the end of surgical procedure,
the patient was admitted into the post-anesthesia care unit (PACU) phase 1 and then into the
PACU phase 2, before going to the ward [13]. The patient received a continuous flow of 0.2%
levobupivacaine as postoperative analgesia, with a basal flow of 8 mL/h (4 mL/h for side),
bolus of 4 mL, and a lockout time of 60 min. No pharmacological cardiovascular support
was required to the patient’s hemodynamic stability during his stay in the PACU. Acute
pain at rest (on laying position), and in motion (during a deep breath) were recorded at 36,
48, and 72 h after surgery. The Numeric Rating Scale for pain (NRS, an 11-point numeric
scale, from “0” (“no pain”) to “10” (“worst pain imaginable”)) was used. No patient
discomfort, infections, side effects of local anesthetic (LA), nor other complications were
observed. Postoperative pain was 2 at rest, and it was 4 in motion, without neurological
or respiratory sequelae in the first 72 h after surgery due to execution of the block. Bowel
function recovery was recorded after 8 h from surgery. The infusion of analgesic solution
was interrupted 76 h after surgery and the catheters were removed. The patient required
a mean of 4 bolus per day administered using a PCA pump. Acetaminophen 2000 mg
per day was systematically administered in the first 96 h after surgery, without the use of
supplemental opioids or non-steroidal anti-inflammatory drugs.

Before catheter removal, a second-look ultrasound scan of thoracic paravertebral
space (TPVS) was performed, documenting anechoic fluid in the TPVS at a level of T8 and
presumably indicating the LA spread (Figure 3).

 
Figure 3. Second-look ultrasound scan. The transducer was placed in the sagittal plane, between
transverse processes (TPs) of the eighth (T8) and ninth (T9) vertebra. Anechoic fluid in the thoracic
paravertebral space (TPVS, black points), (T8) presumably indicating the local anesthetic (LA) spread.
TP, transverse process of T8 and T9. The TPVS was located between the hyperechoic lines of the
superior costotransverse ligament (SCTL, black arrow and stars) and the pleura.
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3. Discussion

Epidural anesthesia (EA) and thoracic paravertebral block (TPVB) are considered use-
ful for anesthesia and postoperative analgesia in thoracic and visceral abdominal surgery,
achieving useful pain relief and avoiding the side effects of opioids. However, it should
be emphasized that these regional anesthesia techniques can be burdened by possible
intrinsic side effects, especially in the pediatric population, which has some important
peculiarities [7,8,14]. This case description demonstrates that an injection point 2 mm over
and behind the angle between the TP and SP achieved spread of dye into the thoracic
paravertebral space (TVPS) via thoracic intervertebral foramen (TIF) at the level of injection,
and to adjacent levels, providing thoracic and visceral abdominal anesthesia and analgesia.

We performed this anesthetic procedure, presuming that it was an alternative approach
for TPVB. Surprisingly, we believe to have found an alternative way to also perform EA
under US assistance.

Recently, the erector spinae plane block has been described as more effective at reduc-
ing postoperative opioid consumption and pain scores for a broad spectrum of surgeries
involving incisions from T1 to L4 [15]. The hypothesis is that, by injecting anesthetics in
this block, they may centrally reach the ventral and posterior branches of the thoracic and
thoracolumbar spinal nerves, communicating branches, and sympathetic trunk, and also
spread into the ES [16].

Although the anatomical boundaries of the TPVS are well described, there is still
controversy regarding the injection point of a local anesthetic (LA) because of the complex
thoracic paravertebral anatomy. This indeed underlines the hypothesis of the anatomi-
cal space of the TPVS. The TPVS is commonly described as triangular-shaped, located
bilaterally alongside the whole length of the thoracic vertebral column, filled with fat,
and traversed by the dorsal branches and ventral branches of spinal nerves, communicat-
ing branches, intercostal nerves and blood vessels, hemiazygos vein, thoracic duct, and
sympathetic trunk [17]. The vertebral column forms the base, and the intercostal space
is the apex of the TPVS. The parietal pleura represents the anterolateral boundary and
the transverse processes of the vertebrae; the head and neck of the ribs form the posterior
boundary. The psoas muscle at L1 is considered the caudal boundary of the TPVS but the
cranial boundary remains undescribed [17]. It is important to underline that, medially, the
TIF were found as TPVS boundaries. The TPVS appeared to communicate with the ES and
with the contralateral paravertebral space through the intervertebral foramen (IVF) [17].
The TIF is an oval area, laterally faced. Medially, there is the dural sleeve with its emerging
nerve root. Laterally, there is a fascial sheet that is part of the anterior layer of the thora-
columbar fascia. Usually, there are two separate oval perforations in this fascia: a posterior
perforation for the nerve root (“nerve root compartment”) and a smaller anterior perforation
for the intervertebral blood vessels (“blood vessels compartment”) [18]. Various foraminal
ligaments limit the posterior compartment of the fascia, closely related to the exiting nerve
root. Anteriorly, the superior corporopedicular ligament extends from the superior pedicle
traversing to the posterolateral vertebral body. Superiorly, the superior transforaminal
ligament extends from the arches of the superior and inferior vertebral notches to the
articular capsule of the superior pedicle. Inferiorly, the mid-transforaminal ligament runs
from the annulus fibrosus and superior and inferior corporopedicular ligaments to the
articular capsule. The inferior transforaminal ligament extends from the junction of the
annulus fibrosus and the posterior vertebral body to the superior articular facet, limiting
the nerve to the vascular compartment (Figures 2 and 4). The number of dorsal rootlets
that emerge to give rise to a dorsal root varies at each spinal segment; Bozkurt et al. [19]
found that T1 segment contained the largest number of thoracic nerve rootlets, in contrast
to the T6, T7, and T10 segments which contained the fewest. The central and dorsal rootlets
form the segmental spinal nerve, converging in the TIF area. Two layers of pia mater, the
arachnoid, and the dura mater surround the rootlets until they advance toward the IVF,
then the pial and arachnoidian layers are fused with the dura mater of the thecal sac. A
thin connective tissue sheath loosely surrounds the dorsal and ventral roots when they exit
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through separate perforations in the dura. It has been estimated that the mean foraminal
width is 0.8 cm, while the widths of thoracic TP are between 1.2 and 1.3 cm [20,21]. With
this premise, we speculated that the “nerve root compartment” of TIF is presumably 1.5 cm
from the anterior limit of TP of vertebra. Thus, it can be filled with anesthetic solution by
gently locating the needle 2 mm over and behind the angle between TP and SP, providing
an effective block without the necessity of approaching the pleura from TPVS or the ES
directly, and avoiding the attendant risks. The catheter placement should not exceed 1.5 cm
from the tip of the needle, avoiding iatrogenic damages for the vulnerable structures of
TIF. Shibata et al. described the costotransverse foramen block. This technique aims to
posteriorly reach the TPVS via the costotransverse foramen [22]. They focused the US beam
to identify the superior costotransverse ligament (SCTL) above the paravertebral space.
The SCTL is a part of the interconnecting musculoaponeurotic system which forms the
posterior boundary of TPVS together with the TP of vertebrae and the head and neck of
the ribs [23]. The musculoaponeurotic system is also formed by the aponeurosis of the
internal intercostal muscle (ICM) [24]. On the contrary, our procedure can be considered
a modified approach to TPVB without penetrating into the TPVS through its boundaries.
We aimed to place LA over and behind the transverse process (TP) of vertebra, by placing
the needle tip along the superior limit of the vertebral pedicle until losing contact with the
bone, to overcome the articular processes. While it is important to underline that, medially,
TIF were found as TPVS boundaries; during our procedure, the needle tip was outside the
TPVS (Figure 4).

 
Figure 4. Virtual dissection. (A) Virtual dissection of thorax: posterior wall; skin, subcutaneous tissue,
and all muscle plane were dissected, reaching the spine. Eighth and ninth vertebrae were removed
to identify nerve root (NR) and intervertebral blood vessels (VV). The tenth thoracic vertebra is
represented in white. SAP: superior articular process. (B) The red line identifies the catheter position
inserted in the caudal to the cephalic direction, outside the boundaries of the thoracic paravertebral
space (yellow triangle). a, angle between spinous (SP) and transverse process (TP). 1. Light blue
arrow indicates the needle tip position from the cephalic to the caudal direction; 2. light blue arrow
indicates the needle tip in the caudal to the cephalic direction. (C) Transverse plane virtual dissection:
the red line identifies the catheter position lying on the ESM plane, over and behind the TP, from the
angle between SP and TP, close to the thoracic intervertebral foramen (yellow star).
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Our study has limitations that should be underlined. The first limitation of our
findings may be due to the width of TP of T10, which we estimated to be 1.1–1.2 cm. The
second limitation may be due to the fact that the US beam cannot identify the TIF content
and the needle tip behind the acoustic shadow from the TP and the vertebral articular
processes (Figure 1). Nevertheless, iatrogenic damage was avoided by carefully advancing
the needle tip along the vertebral pedicle no more than 2 mm until contact with bone
ended. However, concerns about damaging a nerve root or blood vessel remain. It possible
to speculate that the transforaminal ligaments and connective tissue sheath presumably
protect the content of the TIF, maybe minimizing the risk for neural and vascular damages.
We identified virtual dissection as a potentially useful option to allow the emulation of
anatomical dissection as close as possible to reality, notwithstanding the physical absence
of a corpse (Figure 4) [9]. Thus, we believe our findings might demonstrate the necessary
safety of the procedure regarding this approach, as Figure 4 shows. However, cadaveric
studies are requested to provide exact evidence of LA placement and spread and the exact
location of the catheters.

In effect, the second-look ultrasound scan of TPVS was performed, documenting
anechoic fluid in the TPVS at a level of T8 and presumably indicating the LA spread
(Figure 3). This might indirectly demonstrate that the catheter tip location was in the correct
position near the TIF area, although the US beam cannot clearly identify it. We designed a
cadaveric study to demonstrate the anatomical implications of our findings. In addition,
another limit of this report is that two cases or more should be described to demonstrate
the efficacy and reproducibility of a new technique. However, we intend to perform clinical
trials after the cadaver dissection study to confirm our speculations.

We are confident that our procedure is quite fast to perform. The US beam allows us
to quickly identify the needle while the angle between SP and TP is reached. The needle
tip is inserted into the skeletal muscle plane of the ESM by maintaining the contact with
SP of vertebra. The US guidance and the contact with bone allows us to quickly place the
needle and the catheters onto the anesthetic target, without delay for surgical operation, as
the emergent laparotomy. The flow diagram depicts the main steps for a safe and quick
procedure of the block, as shown in Figure 5.
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Figure 5. Flow diagram of the thoracic intervertebral foramen block. The main steps of the block are shown.

4. Conclusions

In conclusion, based on our clinical observations, we are confident that use of the
thoracic intervertebral foramen (TIF) block could be considered an effective alternative to
thoracic paravertebral block (TPVB) and to other paraspinal anesthetic procedures, as an
opioid-sparing strategy, for fast-track recovery after pediatric abdominal surgeries. Our
case report provides important evidence for future randomized clinical trials.
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Abstract: Laparoscopic cholecystectomy (LC), unlike laparotomy, is an invasive surgical procedure,
and some patients report mild to moderate pain after surgery. Transversus abdominis plane (TAP)
block has been shown to be an appropriate method for postoperative analgesia in patients undergoing
abdominal surgery. However, there have been few studies on the efficacy of TAP block after LC
surgery, with unclear information on the optimal dose, long-term effects, and clinical significance, and
the analgesic efficacy of various procedures, hence the need for this review. Five electronic databases
(PubMed, Academic Search Premier, Web of Science, CINAHL, and Cochrane Library) were searched
for eligible studies published from inception to the present. Post-mean and standard deviation
values for pain assessed were extracted, and mean changes per group were calculated. Clinical
significance was determined using the distribution-based approach. Four different local anesthetics
(Bupivacaine, Ropivacaine, Lidocaine, and Levobupivacaine) were used at varying concentrations
from 0.2% to 0.375%. Ten different drug solutions (i.e., esmolol, Dexamethasone, Magnesium Sulfate,
Ketorolac, Oxycodone, Epinephrine, Sufentanil, Tropisetron, normal saline, and Dexmedetomidine)
were used as adjuvants. The optimal dose of local anesthetics for LC could be 20 mL with 0.4 mL/kg
for port infiltration. Various TAP procedures such as ultrasound-guided transversus abdominis
plane (US-TAP) block and other strategies have been shown to be used for pain management in
LC; however, TAP blockade procedures were reported to be the most effective method for analgesia
compared with general anesthesia and port infiltration. Instead of 0.25% Bupivacaine, 1% Pethidine
could be used for the TAP block procedures. Multimodal analgesia could be another strategy for
pain management. Analgesia with TAP blockade decreases opioid consumption significantly and
provides effective analgesia. Further studies should identify the long-term effects of different TAP
block procedures.

Keywords: cholecystectomy; laparoscopy; pain management; postoperative; anesthesia

1. Introduction

Laparoscopic cholecystectomy (LC) is a minimally invasive technique that causes mild
postoperative discomfort in the parietal, visceral, incisional, and referred regions [1]. In
these patients, multimodal approaches [2], epidural analgesia, and intraperitoneal injection
of local anesthetics (LA) are often used in conjunction with patient-controlled intravenous
analgesia. Transversus abdominal plane (TAP) block is a well-known procedure for post-
operative analgesia during laparoscopic abdominal surgery as part of this approach [3].
TAP block is safe; it reduces or eliminates the need for analgesics and has fewer side effects
such as postoperative nausea and vomiting (PONV) [4]. In addition, several physicians
are actively improving the precision of LA absorption by ultrasound [5–8]. Thus, this inno-
vative approach has demonstrated the analgesic efficacy of laparotomy and laparoscopic
procedures [9].

Rafi [10] pioneered the TAP block in 2001 as a historically guided practice for achieving
a field block through the petit triangle. In this procedure, a solution (LA) is injected further

J. Clin. Med. 2022, 11, 6896. https://doi.org/10.3390/jcm11236896 https://www.mdpi.com/journal/jcm
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into the plane between the obliquus internus and transversus abdominis muscles. The
thoracolumbar nerves travel through this plane after exiting the T6 to L1 spinal roots,
directing sensory nerves to the anterolateral abdominal wall [11]. The propagation of
LA in this plane blocks neurological afferents and provides analgesia to the anterolateral
abdominal cavity. TAP blockades are becoming technically easier and more feasible as
ultrasound technology advances. As a result, curiosity about TAP blocks as a clinical tool for
analgesia after abdominal surgical treatment has increased. The most commonly reported
pain during laparoscopic cholecystectomy was of moderate to severe intensity [12].

TAP blocks are effective for a number of abdominal practices, including hysterectomy,
cesarean section, cholecystectomy, colectomy, hernia repair, and prostatectomy [10,13–15].
Since the analgesic effect is limited to somatic pain and has a short life span [16], a sin-
gle TAP blockade is efficient in multimodal analgesia. TAP blockades could solve the
problem of limited duration by continuous infusion [17,18] or prolonged release of lipo-
some’s LA [19]. In contrast, clinical studies on TAP block yielded negative results [20,21].
Consequently, analgesic consistency, duration of analgesia, patient comfort, and different
corporate strategies need further analysis. Numerous regional anesthetic adjutants such
as Dexmedetomidine, Clonidine, Epinephrine, and Dexamethasone are usually combined
with enhancement of analgesic efficacy and length chains [22,23].

Most patients undergoing laparoscopic cholecystectomy experience pain in the first
24 h after surgery, with port sites being the most painful. After laparoscopic surgery, pain is
mainly felt as visceral pain due to the trauma of gallbladder resection and parietal pain due
to skin incision [24]. However, the frequency and intensity of incisional pain were higher
than visceral pain after laparoscopic cholecystectomy. Therefore, to optimize postoperative
pain control in these patients, analgesic studies should focus on reducing incisional pain.

A number of reviews have been conducted on postoperative pain management, some
of which include ultrasound-guided transversus abdominis pain block, with some explor-
ing the best anesthetic technique [25–28] and abdominal surgeries [3,29–34]. Other reviews
focused on specific conditions, such as colorectal surgery [35,36], wound infiltration [33,37],
caesarean delivery [38], bariatric surgery [39,40], lower abdominal incisions [16], breast
reconstruction [41], and minimally invasive surgery [42]. Notably, few studies investigated
laparoscopic cholecystectomy. Koo, Hwang, Shin, and Ryu [43] investigated the use of an
erector spinae block in patients undergoing laparoscopic cholecystectomy. Ni, Zhao, Li, Li,
and Liu [44] and Zhao et al. [45] studied the effects of transversus abdominis block on la-
paroscopic cholecystectomy, while Peng et al. [28] studied the efficacy of ultrasound-guided
laparoscopic cholecystectomy. Specifically, some studies examined the clinical safety and
efficacy results of the TAP block across clinical domains [3,46–49] or identifying the best
evidence [50]. There appears to be a paucity of data on the optimal dose of TAP block
anesthesia for laparoscopic cholecystectomy and the procedure’s long-term effects [28].
Again, there seems to be no attempt to comprehensively compare the analgesic efficacy
of different TAP strategies for laparoscopic cholecystectomy. Furthermore, the clinical
significance of TAP remains unclear and no study compares the types of anesthetic agents
used and their dosages, hence the need for this study.

2. Objectives

This review should therefore achieve the following objectives:

1. Explore the optimal dose of TAP block anesthesia for laparoscopic cholecystectomy.
2. Identify the types and concentrations of local anesthetics and other supportive agents

commonly used for laparoscopic cholecystectomy.
3. Compare the analgesic efficacy of different types of TAP block procedures and their

long-term effects.
4. Examine the clinical significance of TAP.
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3. Methods

This review was prepared in accordance with the 2020 PRISMA (Preferred Reporting
Items for Systematic Review and Meta-analysis) guidelines [51].

4. Eligibility Criteria

Inclusion Criteria

5. Population: Adult patients undergoing LC.
6. Intervention: Postoperative pain management using TAP block or in combination

with adjutants.
7. Comparators: Active placebo or adjunct treatment.
8. Outcomes: Postoperative use of analgesia use if they reported a visual analogue scale

(VAS) or numeric rating scale (NRS) outcome of postoperative pain after 24 h.
9. Design: Randomized trials published in peer-reviewed journals.

5. Exclusion Criteria

Articles were considered ineligible if they were letters to the editor, commentary, not
peer-reviewed papers (e.g., dissertations), case studies, were not published in full text
(e.g., conference proceedings), or were non-experimental studies (e.g., qualitative studies).
Furthermore, studies that did not include an active control group were also excluded.

6. Information Sources

The five electronic databases of PubMed, Academic Search Premier, Web of Sci-
ence, CINAHL, and Cochrane Library were searched for randomized trials. The search
was conducted primarily between 12 and 13 August 2022. A supplemental search was
conducted in Google Scholar and trial registries (http://clinicaltrials.gov/, accessed on
15 August 2022). All registries and conclusions with the keywords “TAP block laparoscopic
cholecystectomy”, “postoperative pain in laparoscopic cholecystectomy”, and “postopera-
tive pain management in hospitalized patients undergoing laparoscopic cholecystectomy”
were explored.

7. Search

We employed the keywords (search terms) transversus abdominis block OR transver-
sus abdominal plane OR transversus abdominis plane AND laparoscopic cholecystectomy
OR laparotomy. We limited the search to published articles from the beginning to the
present. We considered articles that were published in English and had an abstract. The
publication period ranged from inception to the present day. We also manually searched
the reference lists for eligible studies.

8. Study Selection

Studies were selected using the PRISMA framework [51]. Results from the five
databases were exported to Endnote Reference Manager, and duplicates were removed.
The titles and abstracts were screened according to the eligibility criteria. Eligible studies
for inclusion were identified after the full-text screening. Two independent reviewers
(A.F.A. and D.S.) performed the screening independently, and a third reviewer (F.H.A.) was
asked to clarify any discrepancies identified during the process.

9. Data Collection Process

Data were extracted from eligible studies and entered into a spreadsheet in Microsoft
Excel. Two independent reviewers performed this task. A third reviewer was asked to
clarify any discrepancies. The authors of the papers under consideration were contacted
for queries or clarifications.
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10. Data Items

Information on the study profile included participant demographics (i.e., gender and
age), study design, population characteristics, sample size, study groups (intervention and
control), and duration of follow-up. Components of the intervention include the setting
in which it was delivered, the dose (frequency, duration, and course) of TAP, the total
exposure in minutes to TAP, and the associated theories underlying the therapeutic effects
of TAP as reported. For the outcomes, we extracted the mean (M) and standard deviation
(SD) for VAS, NRS, and postoperative pain for all groups (i.e., intervention and control) at
baseline, post-intervention, and follow-up. For accuracy, two reviewers (A.F.A. and D.S.)
performed this task.

11. Risk of Bias in Individual Studies

Appraisals of the eligible studies were conducted using the Physiotherapy Evidence
Database scale (PEDro scale). Because of its high construct validity, the PEDro scale was
selected for evaluation in randomized controlled trials [52]. To obtain a PEDro total score,
items 2–11 were summed. The Internal Validity subscale is scored with items 2–9, and the
Statistical Reporting subscale is scored with items 10 and 11 [53,54]. The study is classified
as moderate if it scores 4–5, good if it scores 6–8, and excellent if it scores 9–10 [55].

12. Summary of Measure and Synthesis of Results

The Cochrane Handbook for Systematic Reviews of Interventions was used as a
guide for data processing [56]. A meta-analysis would be conducted in cases where more
than two studies were eligible and measured the same outcomes at which data might be
collected: T0 (baseline), T1 (immediately after intervention), and T2 (follow-up). We used a
standardized approach in reporting results because different studies measured the same
outcome differently. Given the differences in group means and variance within the study
population, we determined the minimum clinically significant difference (MCID) using the
distribution-based approach [57]. A small effect was described as 0.2, a medium effect as
0.5, and a large effect as 0.8, based on Cohen’s d [58].

13. Results

As shown in Figure 1, a total of 758 results were generated from the five databases:
CINAHL (n = 37), PubMed (n = 154), Web of Science (n = 183), Cochrane (n = 196), and
Academic Search Premier (n = 183). Manual searches yielded five results (n = 5). After
deduplicating 231 papers with endnotes and manual search, 527 papers were used for
the title and/or abstract screening. After title and/or abstract screening, 77 records were
selected for full-text screening. Twenty-nine records were removed after full-text screening
for failure to meet the criteria. Forty-eight articles were included in the qualitative and
quantitative synthesis.
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Figure 1. PRISMA flow chart.

14. Risk of Bias within Studies

As shown in Table 1, nineteen (39.6%) did not conceal the assignment of participants.
Thirteen (27.1%), twenty-nine (60.52%), and thirty-one (64.58%) studies did not blind
assessors, participants, and therapists, respectively. Twenty-six studies underwent an
intention-to-treat analysis. In all studies, the dropout rate was less than 15%. All studies
reported between-group statistical comparisons, point measures, and variability data.
Overall PEDro ratings ranged from 4 to 10, with only one study rated as excellent and three
as moderate, while the rest were of good quality.
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15. Study Characteristics

As shown in Table 2, a total of 3651 subjects participated in the study, with the majority
being female (n = 1822, 49.9%) and ages ranging from 18 to 80 years. The TAP block
techniques ranges from ultrasound-guided transversus abdominis plane block, oblique
subcostal transversus abdominis plane, posterior transversus abdominis plane block, erec-
tor spinae plane, subcostal Transversus abdominis, and transversus abdominis plane block.
Other approaches were transversus abdominis plane block, oblique subcostal transversus
abdominis, subcostal transversus abdominis, subcostal block, subcostal transversus abdo-
minis plane block, quadratus lumborum, laparoscopic transversus abdominis plane, rectus
sheath block, blocking the branches of intercostal nerves at the level of mid-axillary line,
and laparoscopic subcostal TAP. Infiltration of the surgical site was 10 mL, 15 mL, 16 mL,
20 mL, 30 mL, 40 mL, and 100 mLand either unilateral or bilateral or to the respective or
conventional port sites using local anesthetics or other relevant agents. Eighteen (37.5%)
of the studies reported the use of patient-controlled analgesia (PCA) or patient-controlled
intravenous analgesia (PCIA). The Visual Analogue Scale is the most commonly used
outcome measure (n = 30, 62.5%).

As shown in Table 2, seven classes of drugs were used as premedication before induc-
tion of anesthesia: benzodiazepines (Lorazepam 2 mg; Midazolam 0.12 mg/kg, 1–2 mg,
0.01–0.02 mg/kg, 0.03 mg, 0.05 mg/kg, 0.5 mg and 7.5 mg; Diazepam 10 mg; Alprazolam
0.25 mg/kg), analgesics (Paracetamol 15–20 mg/kg; Diclofenac 0.5 mg/kg; Fentanyl 20 mcg,
2 mcg/kg; Etocoxib 120 mg), prokinetic agents (Metoclopramide 10 mg), anticholinergics
agents (Glycopyrrolate 0.003 mg/kg, 0.05 mg/kg, 0.2 mg), 5-HT3 antagonists (Ondansetron
4 mg), H2 receptor blockers (Ranitidine 150 mg), and alkalizing agents (Ringer lactate
solution 500 mL).

15.1. Objective #1. The Optimal Dose of TAP Block Anesthesia for Laparoscopic Cholecystectomy

As already shown in Table 2, the minimum dose of local anesthetic for transversus
abdominis plane blockade could be 20 mL for US-TAP and US-OSTAP and 0.4 mg/kg for
port infiltration. However, the agents and their concentration may vary.

15.2. Objective #2. Types and Concentrations of Local Anesthetics and Other Supportive Agents
Commonly Used for Laparoscopic Cholecystectomy

As shown in Table 2, the most commonly used solutions were Ropivacaine (0.2%,
0.25%, 0.4%, 0.5%, 0.75%, 0.365%, and 0.375%), Bupivacaine (0.25%, 0.5%, and 0.375%),
Levobupivacaine (0.25%, 0.5%, and 0.375%), and Lidocaine (2%, 5 mg). Other supportive
agents that can be used alone or in addition to the above anesthetics are 0.9% Normal saline
(1 mL,2 mL, 10 mL, 20 mL, 32 mL, 40 mL, 100 mL), Dexamethasone (2 mL,1 mcg/kg, 4 mg),
Magnesium Sulfate (0.5 mg), Oxycodone (40 mg), Ketorolac (180 mg), Dexmedetomidine
(0.5 mcg/2 mL), Epinephrine (5 mcg/mL), Esmolol 0.05 mg/kg, Tropisetron (10 mg), and
Sufentanil (2 mg/kg). The most commonly used local anesthetic is Bupivacaine (n = 27,
5.3%), followed by Ropivacaine (n = 17, 35.4) in different concentrations. From this review,
US-TAP block is the most commonly used procedure (n = 31), followed by port infiltration
(n = 13), general anesthesia only (n = 13), and US-OSTAP blocks (n = 7).

15.3. Objective #3. Effects of TAP Block Anesthesia

a. Comparison of different approaches to ultrasound-guided blockade of the transversus
abdominis plane
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15.3.1. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Plane Block
Versus General Anesthesia Only

As shown in Table 3, Morphine consumption was greater in the control compared
to the intervention group. Notably, the mean change in the intervention group from
the start to the end of laparoscopic cholecystectomy was 9.6, p < 0.005, and the control
group had a mean change of 20.5, p < 0.005 [59]. Between the first 20 min and 24 h
postoperative, the two US-TAP groups using 0.25% and 0.5% Levobupivacaine reported
lower postoperative pain scores of 3.3 to 1.6 and 3.2 to 1.3, respectively, compared with
those receiving anesthesia alone (8.6 to 4.4) [7]. In addition, analgesic requirements between
20 min and 12 h postoperative were higher in the control group (−4.2 to −0.7) than
in patients receiving 0.25% Levobupivacaine (−1.7 to −0.5) and 0.5% Levobupivacaine
(−1.9 to −0.5) [7]. Similarly, the control group appeared to have higher pain scores between
0 and 24 h postop (2.35 to 1.3) compared to those who received posterior US-TAP block
(1.2 to 0.8) and subcostal US-TAP block (0.85 to 0.15) [6]. Analgesic requirement between 0
and 12 h is also higher in the control group (−1.0 to −0.6) than in the posterior US-TAP
block (−0.4 to −1.0) and subcostal US-TAP block (−0.7 to −0.65) [6]. Moreover, pain
perception between 10 min and 24 h postoperative was higher in the control group at rest
(6.6 to 2.1) than in the US-TAP group (4.2 to 2.1) and during cough (7.5 to 3.0 and 4.7 to 2.9,
respectively [61]. The need for analgesics between 10 min and 6 h was also higher in the
control group (−4.5 to −1.2) than in US-TAP (−1.8 to −1.8) [61].

As shown in Supplementary Table S1, the most commonly usedintra-operative opioid
analgesic was Fentanyl (n = 27), followed by Remifentanil (n = 10). Intra-operative opioids
were switched to Tramadol (n = 14), Morphine (n = 12), Ketorolac (n = 5), and Nalbuphine
(n = 1). However, in some cases, Diclofenac sodium (n = 6) and acetaminophen (n = 1) were
also used.

35



J. Clin. Med. 2022, 11, 6896

T
a

b
le

3
.

A
d

ve
rs

e
re

ac
ti

on
s,

si
d

e
ef

fe
ct

s,
an

d
re

co
rd

ed
co

m
pl

ic
at

io
ns

as
so

ci
at

ed
w

it
h

lo
ca

la
ne

st
he

ti
cs

us
ed

in
la

pa
ro

sc
op

ic
ch

ol
ec

ys
te

ct
om

y
pr

oc
ed

ur
es

.

N
o

A
u

th
o

r/
Y

e
a

r
S

id
e

E
ff

e
ct

s
A

d
v

e
rs

e
E

v
e

n
ts

C
o

m
p

li
ca

ti
o

n
s

D
ru

g
s

U
se

d
D

o
se

in
m

L
o

r
m

g
/k

g

1
R

a
(2

01
0)

[7
]

U
S-

TA
P

bl
oc

k
(0

.2
5%

)
Sl

ee
p

di
st

ur
ba

nc
e

(n
=

2)
Le

vo
bu

pi
va

ca
in

e
0.

25
%

30
m

L

U
S-

TA
P

bl
oc

k
0.

5%
Sl

ee
p

di
st

ur
ba

nc
e

(n
=

0)
Le

vo
bu

pi
va

ca
in

e
0.

5%
30

m
L

C
on

tr
ol

Sl
ee

p
di

st
ur

ba
nc

e
(n

=
6)

2
Pe

te
rs

en
(2

01
2)

[2
1]

U
S-

TA
P

bl
oc

k
(R

op
iv

ac
ai

ne
)

N
au

se
a

sc
or

es
0–

24
h

(n
=

0)
,w

it
h

no
di

ff
er

en
ce

in
se

da
ti

on
sc

or
es

.
R

op
iv

ac
ai

ne
0.

5%
+

2
m

L
of

no
rm

al
sa

lin
e

22
m

L

U
S-

TA
P

bl
oc

k
(s

al
in

e)
N

au
se

a
sc

or
es

0–
24

h
(n

=
0)

,w
it

h
no

di
ff

er
en

ce
in

se
da

ti
on

sc
or

es
.

R
op

iv
ac

ai
ne

0.
37

5%
20

m
L

3
Sh

in
(2

01
4)

[6
1]

R
op

iv
ac

ai
ne

0.
37

5%
40

m
L

U
S-

O
ST

A
P

bl
oc

k
N

au
se

a:
no

ne
(n

=
15

),
m

ild
(n

=
0)

,
m

od
er

at
e

(n
=

0)
,s

ev
er

e
(n

=
0)

,a
nd

sh
ou

ld
er

s
pa

in
(n

=
2)

.

U
S-

TA
P

bl
oc

k
N

au
se

a:
no

ne
(n

=
12

),
m

ild
(n

=
2)

,
m

od
er

at
e

(n
=

1)
,s

ev
er

e
(n

=
0)

,a
nd

sh
ou

ld
er

s
pa

in
(n

=
0)

.

C
on

tr
ol

N
au

se
a:

no
ne

(n
=

11
),

m
ild

(n
=

1)
,

m
od

er
at

e
(n

=
3)

,s
ev

er
e

(n
=

0)
,a

nd
sh

ou
ld

er
s

pa
in

(n
=

1)
.

4
H

ua
ng

(2
01

6)
[6

7]

C
on

tr
ol

N
au

se
a

(n
=

3,
vo

m
it

in
g

n
=

2,
an

d
ab

no
rm

al
se

da
ti

on
n

=
2)

U
S-

TA
P

Bl
oc

k,
bi

la
te

ra
l

N
au

se
a

(n
=

1,
vo

m
it

in
g

n
=

0,
an

d
ab

no
rm

al
se

da
ti

on
n

=
0)

R
op

iv
ac

ai
ne

0.
37

5%
30

m
L

U
S-

TA
P

bl
oc

k
+

2
m

L
of

D
ex

am
et

ha
so

ne
N

au
se

a
(n

=
0,

vo
m

it
in

g
n

=
0,

an
d

ab
no

rm
al

se
da

ti
on

n
=

0)
R

op
iv

ac
ai

ne
0.

37
5%

32
m

L

5
C

ho
i(

20
17

)[
71

]

U
S-

TA
P

bl
oc

k
(i

nd
w

el
lin

g
ca

th
et

er
in

se
rt

ed
)

N
au

se
a

(n
=

11
),

vo
m

it
in

g
(n

=
2)

,
di

zz
in

es
s

(n
=

2)
,h

ea
da

ch
e

(n
=

0)
,

ur
in

ar
y

re
te

nt
io

n
(n

=
11

),
pa

in
at

th
e

ne
ed

le
in

se
rt

io
n

si
te

(n
=

0)
,a

nd
he

m
at

om
a

(n
=

0)
.

R
op

iv
ac

ai
ne

0.
2%

20
m

L

U
S-

TA
P

bl
oc

k
+

PC
A

N
au

se
a

(n
=

15
),

vo
m

it
in

g
(n

=
2)

,
di

zz
in

es
s

(n
=

1)
,h

ea
da

ch
e

(n
=

3)
,

ur
in

ar
y

re
te

nt
io

n
(n

=
3)

,p
ai

n
at

th
e

ne
ed

le
in

se
rt

io
n

si
te

(n
=

0)
,a

nd
he

m
at

om
a

(n
=

1)
.

R
op

iv
ac

ai
ne

0.
2%

20
m

L

C
on

tr
ol

(P
C

A
on

ly
)

N
au

se
a

(n
=

9)
,v

om
it

in
g

(n
=

2)
,

di
zz

in
es

s
(n

=
2)

,h
ea

da
ch

e
(n

=
1)

,
ur

in
ar

y
re

te
nt

io
n

(n
=

0)
,p

ai
n

at
th

e
ne

ed
le

in
se

rt
io

n
si

te
(n

=
2)

,a
nd

he
m

at
om

a
(n

=
1)

.

10
0

m
L

of
no

rm
al

sa
lin

e
+

40
m

g
O

xy
co

do
ne

an
d

18
0

m
g

of
K

et
or

ol
ac

6
H

ou
be

n
(2

01
9)

[7
9]

36



J. Clin. Med. 2022, 11, 6896

T
a

b
le

3
.

C
on

t.

N
o

A
u

th
o

r/
Y

e
a

r
S

id
e

E
ff

e
ct

s
A

d
v

e
rs

e
E

v
e

n
ts

C
o

m
p

li
ca

ti
o

n
s

D
ru

g
s

U
se

d
D

o
se

in
m

L
o

r
m

g
/k

g

U
S-

TA
P

bl
oc

k
(L

ev
ob

up
iv

ac
ai

ne
)

1.
Fa

ti
gu

e
m

ed
ia

n
da

ta
(1

h
n

=
5,

2
h

n
=

5,
4

h
n

=
4.

5,
an

d
24

h
=

4)
.

2.
N

au
se

a
m

ed
ia

n
da

ta
(1

h
n

=
1,

2
h

n
=

0,
4

h
n

=
0,

an
d

24
h

=
0)

.

Le
vo

bu
pi

va
ca

in
e

0.
37

5%
+

Ep
in

ep
hr

in
e

5
m

cg
/m

L
40

m
L

U
S-

TA
P

bl
oc

k
(s

al
in

e)

1.
Fa

ti
gu

e
m

ed
ia

n
da

ta
(1

h
n

=
5,

2
h

n
=

5,
4

h
n

=
3,

an
d

24
h

=
4)

.
2.

N
au

se
a

m
ed

ia
n

da
ta

(1
h

n
=

0,
2

h
n

=
0,

4
h

n
=

0,
an

d
24

h
=

0)
.

40
m

L
0.

9%
no

rm
al

sa
lin

e
+

Ep
in

ep
hr

in
e

5
m

cg
/m

L
40

m
L

7
Ja

nj
ua

(2
01

9)
[8

0]

U
S-

TA
P

bl
oc

k,
un

ila
te

ra
l

R
es

pi
ra

to
ry

de
pr

es
si

on
(7

.8
9%

);
ot

he
rs

un
cl

ea
r

Bu
pi

va
ca

in
e

0.
25

%
0.

4
m

L/
kg

C
on

tr
ol

(p
or

ts
it

e
in

fil
tr

at
io

n)
R

es
pi

ra
to

ry
de

pr
es

si
on

(2
.5

6%
);

ot
he

rs
un

cl
ea

r
Bu

pi
va

ca
in

e
0.

25
%

0.
4

m
L/

kg

8
Si

ri
w

ar
da

na
(2

01
9)

[8
4]

LA
P-

TA
P

+
po

rt
si

te
in

fil
tr

at
io

n
(×

4)
Vo

m
it

in
g

ep
is

od
es

0(
0–

4)
Bu

pi
va

ca
in

e
0.

25
%

40
m

L
+

12
−

20
m

L

C
on

tr
ol

(p
or

ts
it

e
in

fil
tr

at
io

n
×

4)
Vo

m
it

in
g

ep
is

od
es

0(
0–

2)
Bu

pi
va

ca
in

e
0.

25
%

12
–2

0
m

L

9
Li

an
g

(2
02

0)
[8

8]

G
ro

up
H

Po
st

op
er

at
iv

e
na

us
ea

an
d

vo
m

it
in

g
w

er
e

no
ts

ig
ni

fic
an

tl
y

di
ff

er
en

t
be

tw
ee

n
th

e
4

gr
ou

ps
at

24
h

(p
=

0.
18

0,
p

=
0.

64
4)

.

R
op

iv
ac

ai
ne

0.
75

%
20

m
L

G
ro

up
M

R
op

iv
ac

ai
ne

0.
5%

20
m

L

G
ro

up
L

R
op

iv
ac

ai
ne

0.
2%

20
m

L

G
ro

up
C

N
or

m
al

sa
lin

e
0.

9%
20

m
L

10
Er

gi
n

(2
02

1)
[9

0]

LA
IG

ro
up

39
(9

7.
5%

)
Bu

pi
va

ca
in

e
0.

5%
20

m
L

TA
PB

G
ro

up
40

(1
00

%
)

Bu
pi

va
ca

in
e

0.
5%

+
20

cc
of

ph
ys

io
lo

gi
c

sa
lin

e
40

m
L

(2
0

+
20

)

IP
LA

G
ro

up
39

(9
7.

5%
)

Bu
pi

va
ca

in
e

0.
5%

20
m

L

C
on

tr
ol

40
(1

00
%

)

11
Ju

ng
(2

02
1)

[9
1]

BD
-T

A
P

bl
oc

k,
bi

la
te

ra
l

N
au

se
a

(n
=

4)
,a

nd
de

sa
tu

ra
ti

on
(n

=
3)

.
R

op
iv

ac
ai

ne
0.

25
%

60
m

L

C
on

tr
ol

(s
ha

m
bl

oc
k)

,b
ila

te
ra

l
N

au
se

a
(n

=
7)

,a
nd

de
sa

tu
ra

ti
on

(n
=

2)
.

N
or

m
al

sa
lin

e
0.

9%
60

m
L

12
H

an
(2

02
2)

[9
8]

U
S-

TA
P

bl
oc

k

N
au

se
a

an
d

vo
m

it
in

g
(n

=
1)

,s
ki

n
it

ch
in

g
(n

=
0)

,d
iz

zi
ne

ss
(n

=
0)

,
re

sp
ir

at
or

y
de

pr
es

si
on

(n
=

1)
,a

nd
pu

nc
tu

re
si

te
he

m
at

om
a

(n
=

0)
.

R
op

iv
ac

ai
ne

0.
4%

+
10

m
g

Tr
op

is
et

ro
n

+
10

0
m

L
no

rm
al

sa
lin

e
14

2
m

L

G
ro

up
S

Su
fe

nt
an

il
2

m
g/

kg
vi

a
PC

A
+

10
m

g
Tr

op
is

et
ro

n
+

10
0

m
L

no
rm

al
sa

lin
e

10
0

m
L

37



J. Clin. Med. 2022, 11, 6896

T
a

b
le

3
.

C
on

t.

N
o

A
u

th
o

r/
Y

e
a

r
S

id
e

E
ff

e
ct

s
A

d
v

e
rs

e
E

v
e

n
ts

C
o

m
p

li
ca

ti
o

n
s

D
ru

g
s

U
se

d
D

o
se

in
m

L
o

r
m

g
/k

g

G
ro

up
N

N
au

se
a

an
d

vo
m

it
in

g
(n

=
8)

,s
ki

n
it

ch
in

g
(n

=
1)

,d
iz

zi
ne

ss
(n

=
0)

,
re

sp
ir

at
or

y
de

pr
es

si
on

(n
=

2)
,a

nd
pu

nc
tu

re
si

te
he

m
at

om
a

(n
=

0)
.

N
al

bu
ph

in
e

2
m

g/
kg

vi
a

PC
A

+
10

m
g

Tr
op

is
et

ro
n

+
10

0
m

L
no

rm
al

sa
lin

e
10

0
m

L

13
Le

e
(2

02
2)

[9
9]

U
S-

TA
P

bl
oc

k
(R

op
iv

ac
ai

ne
)

1
h:

na
us

ea
(n

=
5)

,v
om

it
in

g
(n

=
0)

;
8

h:
na

us
ea

(n
=

3)
,v

om
it

in
g

(n
=

0)
;

24
h:

na
us

ea
(n

=
0)

,v
om

it
in

g
(n

=
0)

.
R

op
iv

ac
ai

ne
0.

37
5%

40
m

L

U
S-

TA
P

bl
oc

k
(n

or
m

al
sa

lin
e)

1
h:

na
us

ea
(n

=
12

),
vo

m
it

in
g

(n
=

1)
;

8
h:

na
us

ea
(n

=
8)

,v
om

it
in

g
(n

=
2)

;
24

h:
na

us
ea

(n
=

3)
,v

om
it

in
g

(n
=

0)
.

N
or

m
al

sa
lin

e
0.

9%
40

m
L

14
Pa

ud
el

(2
02

2)
[1

01
]

U
S-

TA
P

bl
oc

k
N

au
se

a
(n

=
0)

,a
nd

vo
m

it
in

g
(n

=
0)

.
Bu

pi
va

ca
in

e
0.

25
%

40
m

L

C
on

tr
ol

(p
or

ts
it

e
in

fil
tr

at
io

n)
N

au
se

a
(n

=
1)

,a
nd

vo
m

it
in

g
(n

=
2)

.
Bu

pi
va

ca
in

e
0.

25
%

20
m

L

TA
IG

ro
u

p
=

lo
ca

la
ne

st
he

ti
c

in
fi

lt
ra

ti
on

;T
A

P
B

G
ro

u
p

=
tr

an
sv

er
su

s
ab

d
om

in
is

pl
an

e
bl

oc
k;

IP
L

A
G

ro
u

p
=

in
tr

ap
er

it
on

ea
ll

oc
al

an
es

th
et

ic
in

je
ct

io
n;

P
C

A
=

pa
ti

en
t-

co
nt

ro
lle

d
an

al
ge

si
a;

U
S-

TA
P

=
ul

tr
as

ou
nd

-g
ui

de
d

tr
an

sv
er

su
s

ab
do

m
in

is
pl

an
e.

38



J. Clin. Med. 2022, 11, 6896

Opioid consumption was found to be lower in those receiving US-TAP block with
0.25% Bupivacaine 2.1(0.5) and Bupivacaine 0.25% plus Magnesium Sulfate 0.5 g, 2.2(0.5)
compared with those receiving general anesthesia alone 2.8(0.6) [65]. Compared with the
control group, the first need for rescue analgesics was delayed in the US-TAP and US-TAP
(Dexamethasone) groups (403.0, 436.0 versus 152.3, p < 0.01). Patients in the US-TAP
and US-TAP (perineural Dexamethasone) groups had lower pain scores on the numeric
rating scale (p > 0.01) and used fewer postoperative analgesics (p < 0.01) [67]. The need for
analgesics was higher in the control group than in the group US-TAP [68]. The number
of patients requiring additional analgesics (Morphine and Ketorolac) was higher in the
group of patients receiving US-TAP block with in situ indwelling catheters than in the
control group and the group of patients receiving US-TAP block + PCA [71]. There was
a significant reduction in pain perception with US-TAP block (4.4 to 1.4) when compared
with the control group (6.4 to 2.2) [96]. Again, the mean analgesic requirement between
the first 2 and 24 h after surgery was found to be higher in the control group (−42 to −1.0)
than in the US-TAP group (−3.0 to −0.5) [96].

Comparing the unilateral and bilateral US-TAP block with the control group, both
strategies appear to be effective. Pain perception at rest and during coughing was lower
with the unilateral (right) US-TAP (3.10 to 1.23 and 3.37 to 1.8, respectively) and the
bilateral US-TAP block (3.33 to 1.23 and 3.47 to 1.57, respectively), compared with the
control group (6.03 to 2.10 and 6.33 to 3.07) [100]. Analgesic requirements between 1
and 12 h postoperative both at rest and during cough were higher in the control group
(−3.39 to −0.07 and −3.26 to −0.06, respectively) compared with US-TAP block (unilateral)
(−1.87 to −0.17 and −1.57 to −0.2, respectively) and US-TAP block (bilateral) (−2.1 to −0.4
and −1.9 to −0.26, respectively) [100].

15.3.2. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Plane Block
versus Port SITES Infiltration

Between the onset of surgery and 24 h after surgery, the demand for opioids (Morphine)
was slightly higher in the US-TAP block group (14.6) than in the port infiltration group
(14.4) [20]. This demand pattern continued after 24 h with 11.1 for the US-STAP block
group and 9.6 for the port group [20]. However, there seems to be no difference in the
need for hydrocodone [20]. The port infiltration group appears to have a higher need for
diclofenac (0.65), Paracetamol (21.0), and Fentanyl (3.1) compared with the US-STA block
group (diclofenac (0.58), Paracetamol (16.0), and Fentanyl (3.0) [60]. In the US-TAP group
and the local infiltration group, the 24 h Morphine requirements (mean) were 34.57 mg
and 32.76 mg, respectively (p = 0.688). A total of eight patients in the US-TAP group
and 16 patients in the local infiltration group required additional fentanyl intra-operatively
(p = 0.028). In the immediate postoperative period, local infiltration levels were significantly
higher at rest and during cough (p = 0.034 and p = 0.007, respectively) [66]. Patients who
received subcostal US-TAP block had a statistically significant reduction in postoperative
pain within the first 24 h after surgery compared with port infiltration. In the subcostal TAP
block group, opioid consumption was lower over 24 h (125 mg versus 175 mg p < 0.001).
US-TAP block and local infiltration had significantly different postoperative pain scores
(VAS) at 0, 2, 6, 12, and 24 h [101]. The VAS score is significantly higher in the local
infiltration group than in the US-TAP block group (p < 0.001) [101].

Patients receiving the subcostal block US-TAP had a greater delay in requesting rescue
analgesics (3.20 versus. 1.70, p < 0.001) [73]. Time to first analgesic (mean) was 292.7 and
510.3 min in the portsite infiltration and subcostal US-TAP block groups, respectively, and
mean Tramadol requirements were 141.8 mg and 48.69 mg (p = 0.001 for both) [76]. Mean
NRS at 2, 3, 6, 12, and 24 h was significantly lower in the subcostal block US-TAP group
(0.03, 0.43, 1.35, 0.93, and1.13) than in the port infiltration group (0.30, 2.05, 3.10, 2.48, and
2.25) [76]. Mean analgesic requirements at 2, 3, 6, and 12 h per group were higher in the
port infiltration group (1.95, 0.2, −0.85, and −0.23) than in the US-TAP block group (1.1, 0.7,
−0.22, and 0.2) [76]. Similarly, mean pain scores between 0 and 24 h postoperative were
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higher in the port infiltration group (4.42, 4.64, 5.08, 1.52, and 3.92) than in the unilateral
US-TAP block group (2.65, 3.20, 3.47, 1.36, and 2.67) [80]. Likewise, analgesic requirements
between 0 and 8 h were higher in the port infiltration group (−0.5, −0.72, −1.16, and 2.4)
than in the US-TAP block group (0.02, −0.53, −0.8, and 1.31) [80]. There was a significant
difference between the US-TAP block group and the local infiltration group at 10 min,
30 min, 1 h, and 2 h [2 (0–2.5) versus 0.011]; [1.5 (0–3) versus 3 (2–5); p = 0.001]; [1.5 (0–2)
versus 2 (2–3); p = 0.001; and [2 (0–2) versus 2 (1.5–2.5); p = 0.010] [81]. Additionally,
US-TAP block patients were significantly less likely to require intra-postoperative opioids
and rescue analgesia (n = 5, n = 8, p< 0.001) compared to port site infiltration (n = 38, and
30, p < 0.001) [81]. Finally, the US-TAPB block group had significantly lower resting VAS
values than the addition of 2 mg/kg Sufentanil or Nalbuphinevia PCA at 2, 6, 12, 24, and
48 h postop (p < 0.05) [98].

It is noteworthy that a similar pattern of changes, in which the US-TAP block group
had a lower pain experience and analgesic requirement compared with the port infiltration
groups, was observed in a study by Khandelwal, Parag, Singh, Anand, and Govil [82]
and by Arık, Akkaya, Ozciftci, Alptekin, and Balas [86]. A similar pattern of changes was
observed and the time to rescue analgesia was equally longer in patients receiving subcostal
US-TAP block (3.63 h) compared to the port infiltration group (1.73 h, p = 0.0002) [87].

Uniquely, Liang, Chen, Zhu, and Zhou [88] used different concentrations of Ropi-
vacaine (0.5% and 0.25%) plus 1 mcg/kg Dexamethasone in addition to preoperative
administration of solution at the trocar site before surgery (group LAI), with additional
US-TAP block in the TL group, while the TR group received rectus sheath block in addition
to US-TAP block; however, the three groups did not differ in pain scores at any time point
within the 48 h period.

15.3.3. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Plane Block
before Induction of Anesthesia and after Surgery

Although there does not appear to be a significant difference between the two groups,
mean meperidine consumption (mg) was higher in those receiving US-TAP block (after
surgery) (34.21) than in those receiving US-TAP block (induction) (32.11) [102]. Postop-
erative pain perception in the first 30 min to 24 h was also higher in those who received
a US-TAP block (post-surgery) (4.96 to 4.63) compared to US-TAP block (pre-induction)
(3.18 to 3.47) [95]. Likewise, analgesic requirements in the first 30 min to 12 h after surgery
were higher for the US-TAP block group (post-surgery) (−0.33 to −0.08) compared with
the US-TAP block group (pre-induction) (0.29 to −0.06) [95]. On the contrary, time to first
analgesic request was shorter for US-TAP blockade group (after surgery) (2.22, p = 0.089)
than for US-TAP blockade group (induction) (5.80, p = 0.089) [102].

15.3.4. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Plane Block
Using Different Concentrations of Local Anesthetics versus Normal Saline

We found that the US-TAP block group (saline) had higher 24hfentanyl consumption
(877.8 mcg) than the US-TAP block group (0.5% bupivacaine + normal saline) (566.7 mcg)
or the US-TAP block group (0.5% Bupivacaine + Sufentanil) (555.6 mcg; p = 0.03) [64].
Compared with the US-TAP (0.5% bupivacaine + normal saline) and US-TAP (0.5% Bupi-
vacaine + Sufentanil) block groups, the postoperative pain score was higher with the
US-TAP (saline) block group (p = 0.006); however, the intervention groups did not differ
significantly [64]. Time to first fentanyl requirement was significantly less with US-TAP
block (saline) (79.44) than with US-TAP block (0.5% Bupivacaine + Sufentanil) (206.38;
p = 0.001) [64]. Intra-operative consumption of Remifentanil and postoperative VAS scores
show that the US-TAP group (Bupivacaine plus 20 mL of normal saline) received a larger
volume of local anesthetic solution, albeit at a lower concentration, and required fewer post-
operative analgesics than the US-TAP group (Bupivacaine plus 10 mLof normal saline) [72].
The percentage of patients requiring Paracetamol (p < 0.002) and Nalbuphine (p < 0.001) as
rescue analgesics was significantly lower in the US-TAP block (0.25% Bupivacaine) group
(17.0, 68% and 2, 8.0%%) than in the US-TAP block (0.9% normal saline) group (25, 100%,
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and 24, 96%) [74]. In contrast, it has been found that Levobupivacaine 0.375% and 0.9%
saline groups consumed similar amounts of opioids 24 h after surgery: 21.2 mg versus
25.2 oral Morphine equivalent; p = 0.48 [79]. Mean Morphine consumption after surgery
in patients receiving US-TAP block (Esmolol) was 5.83 mg (p = 0.204) compared with
US-TAP block (saline) (7.5 mg, p = 0.204) [89]. The US-TAP block (Esmolol) group had
significantly lower early postoperative pain scores (p = 0.05) [89]. From arrival at PACU to
12 h postoperative, the mean analgesic requirement appears to be higher for the US-TAP
block (saline) (2.5 to 0.1) than for the US-TAP block (Esmolol) (2.16 to −0.04) (Abdelfatah&
Amin, 2021). The median Morphine consumption at 0–2 h postoperative was 7.5 mg for the
US-TAP block (saline) compared with 5 mg for the US-TAP block (Ropivacaine) [21].

15.3.5. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Plane Block
Using Different Concentrations of Local Anesthetics

It appears that the higher the concentration of anesthetics used for the US-TAP block,
the lower the experience of pain. Of note, Ra et al. [7] used 0.25% and 0.5% Levobupivacaine
differently; however, patients who received 0.5% had less pain in the first 20 min to 12 h
after surgery. In contrast, the need for a analgesics in this group seems to be higher in
the first 20 to 60 min after the procedure [7]. Interestingly, patients who received US-TAP
block with 0.25% Levobupivacaine reported a high need for analgesia (−1.0) compared
to those receiving 0.5% Levobupivacaine (−0.1) six hours later [7]. Similarly, the mean
pain experience at 24 h was higher for those who received US-TAP block with 0.25%
Levobupivacaine (1.6) compared to 0.5% Levobupivacaine (1.3) [7]. After 10, 30, and 60 min,
patients receiving ultrasound-guided TAP blocks (0.375% Ropivacaine) had significantly
lower pain scores than patients receiving US-TAP blocks (0.25% bupivacaine) [69]. The
median [interquartile range] of postoperative analgesic requirements and cumulative rescue
analgesic requirements were the same for both drugs (0.75% bupivacaine for US-TAP block
versus 0.375% Ropivacaine for US-TAP block, p = 0.366) [69].

15.3.6. Comparison of Analgesic Efficacy of Ultrasound-Guided Oblique Subcostal
Transversus Abdominis Block versus Transversus Abdominis Plane Block

Because US-OSTAP is a relatively new technology that is essentially the same as
TAP block procedures, we compared the analgesic efficacy of ultrasound-guided oblique
subcostal transversus abdominis block with transversus abdominis plane block. Intra-
operatively, there appears to be no difference between the US-TAP and US-OSTAP blocks
in terms of Ketorolac consumption; however, the two groups differ in terms of intra-
operative fentanyl consumption (US-TAP: 72.4 and US-OSTAP: 78.1) and postoperative
Nalbuphine consumption (US-TAP: 7.3 and US-OSTAP: 8.0), with US-TAP block reporting
less consumption [61]. In contrast, the US-TAP block group consumed more fentanyl
postoperatively (US-TAP: 10.0 and US-OSTAP: 6.7) [61]. Mean postoperative pain scores
between 10 min and 24 h at rest/coughing were also higher in the US-TAP group (4.3 to
2.1)/(4.7 to 2.9) than in the US-OSTAP (2.3 to 1.3)/(2.9 to 2.1) [61]. In addition, comparing
the effects of the US-OSTAP procedure with only general anesthesia, the VAS pain scores at
rest and upon movement were significantly lower in the OSTAP group on arrival at PACU
and 2 h postoperative [62]. Total postoperative Tramadol requirements were significantly
lower in the OSTAP group at 0–2 h (31.6) and 2–24 h (126.3) than in the control group at
0–2 h (80.3) and 2–24 h (267.1) [62]. In addition, a high proportion of patients who received
US-OSTAP block (17, 85%) did not require additional analgesia compared with the US-TAP
group (11, 55%) [68].

It should be noted that we compared US-OSTAP (normal saline) with US-OSTAP
(Pethidine); however, US-OSTAP (Pethidine) significantly reduced pain scores at 0, 2, 4, 6,
12, and 24 h (p = 0.001) [70]. US-OSTAP (Pethidine) patients consumed significantly fewer
opioids during surgery than US-OSTAP (normal saline) (150 versus 400 mg, p = 0.001),
and opioid consumption during the first 24 h was significantly lower (20.4 versus 78 mg,
p = 0.001) [70]. There were statistically significant differences between the US-OSTAP
(bupivacaine) and US-OSTAP (Pethidine) groups when comparing VAS scores of US-
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OSTAP (bupivacaine) and US-OSTAP (Pethidine) (0 h) for pain intensity [70]. Therefore,
as an alternative to 0.25% bupivacaine, 1% Pethidine might be used to achieve OSTAP
blockade during laparoscopic cholecystectomy [70]. Pain experience was higher with
US-OSTAP (normal saline) blockade from 0 to 24 h (2.21 to 1.52) than with US-OSTAP
(Ropivacaine) blockade (0.71 to 0.38) [83]. Similarly, analgesic requirements were equally
higher in the US-OSTAP (normal saline) block group (−0.69 to −1.19) compared with the
US-OSTAP (Ropivacaine) block group (−0.33 to 0.18) from 0 to 6 h postoperative [83].

The US-OSTAP block (Ropivacaine) had a low fentanyl consumption of 122 mcg intra-
operatively compared to US-OSTAP (normal saline) block (126.19 mcg [83]. Opioid con-
sumption at PACU within the first 8 h after surgery was higher for the US-OSTAP (normal
saline) block (9.52 mg) compared with the US-OSTAP (Ropivacaine) block (4.64 mg) [83]. In
contrast, the US-OSTAP (Ropivacaine) block appears to have a higher opioid requirement
between 8 and 16 h but not after 24 h [83].

15.3.7. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Plane Blockade
with Equal Anesthetic Concentration and Adjuvant of Dexamethasone, and
Dexmedetomidine versus Normal Saline

Postoperatively, it took 485.6 min for the first analgesic to be requested in US-TAP block
(Dexmedetomidine), compared with 289.8 min in US-TAP block (normal saline) [75]. Pa-
tients in the US-TAP block group (Dexmedetomidine) consumed less cumulative Morphine
in the first 24 h than patients in the US-TAP block group (normal saline) [75].

15.3.8. Analgesic Efficacy of Ultrasound-Guided Subcostal Transversus Abdominis Plane
versus Quadratus Lumborum Blocks

The time for first analgesic consumption using the US-TAP block was 63.72 min
compared with the quadratus lumborum block at 70.00 min [78]. Similarly, Tramadol
consumption (mg) was higher in the quadratus lumborum 86.66 mg than in the US-TAP
block 83.43 [78]. Using the VAS scale, with the exception of 12 h postoperative, pain
perception seems to be higher in the US-TAP block group (1.33 to 0.47) compared to
quadratus lumborum (1.03 to 0.42) from 0 to 6 h [78]. However, this seems to differ in 12
and 24 h for the US-TAP block group (0.20 and 0.11) compared to the quadratus lumborum
(0.22 to 0.09) [78]. In other words, pain perception using the DVAS scale appeared to be the
same at 0 h but was higher in the US-TAP block group at 1 h (1.94) and at 12 h (1.00) [78].
In contrast, this pattern of change was observed in the quadratus lumborum after 6 h (1.50)
and after 12 h (0.46) [78].

15.3.9. Analgesic Efficacy of Ultrasound-Guided Transversus Abdominis Versus Quadratus
Lumborum Blocks

The analgesic request was found to be higher among those receiving the US-TAP
block (18, 72%) as compared to the quadratus lumborum block (14, 56%). Cumulative daily
Morphine consumption was significantly higher in the US-TAP block group (6 mg (6–9))
than in the quadratus lumborum block group (3 mg (3–6)), p = 0.001 [97]. The median time
to first analgesic request was longer in the quadratus lumborum block group (17 h (12, 24))
than in the US-TAP block group (8 h (6, 24)), p ≤0.001 [97].

b. Comparison of different approaches to laparoscopic-assisted transversus
abdominal blockade

15.3.10. Comparison of Analgesic Efficacy Analgesic Efficacy of Laparoscopic-Assisted
Transversus Abdominal Block with Bupivacaine versus Normal Saline

In the LAP-TAP group (Bupivacaine + periportal saline injection), numerical pain
assessment scores were significantly decreased after 1, 3, and 6 h of rest (p = 0.025, p = 0.03,
and p = 0.007, respectively) as compared to normal saline [63].
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15.3.11. Analgesic Efficacy of Laparoscopic-Assisted Transversus Abdominal Block versus
Port Sites Infiltration

Compared to port site infiltration, there seems to be no change in LAP-TAP block for
pain at rest between the first 3 and 6 h postoperative [94]. However, it appears that the
port infiltration group had more pain 24 h postoperative (3.0) and at discharge (2.0) [94]. In
addition, a significant mean change was observed between the two groups in pain upon
cough 6 h postop (LAP-TAP: 4.0, port site infiltration: 5.0) and on discharge (LAP-TAP: 1.5,
port site infiltration: 3.0) [94]. On the contrary, the LAP-TAP block participants experienced
higher pain scores (p = 0.043) and opioid requirements (p = 0.021) at 6 h than port infiltration
group participants [84].

15.3.12. Analgesic Efficacy of Laparoscopic-Assisted Infiltration Using Different Doses of
Local Anesthetic versus Normal Saline

The results of this review show that patients who received 0.9% normal saline for
infiltration during laparoscopy reported a high need for rescue analgesia both in the ward
(21, 70%) and at PACU (13, 43.3%) [88]. Compared with the other two groups, a higher
proportion of those who received Ropivacaine at low concentrations (0.25%) required
rescue anesthesia in the ward (5 (16.7%) [88]. The values of the control group VAS were
significantly higher than those of the groups TAI, TAPB, and IPLA after 1, 2, 4, 6, 12, and
24 h [90]. In addition, the VAS values of the IPLA group were significantly higher than
those of the LAI and TAPB groups at 1, 2, 4, 6, 12, and 24 h [90]. VAS values at 1, 2, 4, 6,
and 24 h were not significantly different between TAI and the TAPB group. A significant
difference was observed between the TAI and TAPB groups in terms of VAS values at
12 h [90].

c. Other known techniques

When bilateral double transversus abdominis plane blockade (BD-TAP) was compared
with sham control, higher pain sensation was observed postoperatively in the control group
at rest (2 h), during coughing (2, 6, and 48 h), and during walking (2, 6, and 48 h), with
no change between the two groups at 24 h [91]. Ultrasound-guided modified BRILMA
block (US-BRILMA) was compared with US-TAP block (subcostal), and it was found that
postoperative Morphine consumption was higher in the US-BRILMA group (5.67 mg) than
in the US-TAP block group (5.17 mg) [93]. The time to request rescue analgesia was higher
in the US-BRILMA group (845) than in the US-TAP group (759.33) [93]. The efficacy of
erector spinae block and oblique subcostal transversus abdominis block was compared,
and the mean pain of the two groups between 2 and 24 h differed, with the OSTAP block
group reporting more pain experience (2.27 to 0.70) [92]). The US-TAPB block group had
significantly lower resting VAS values than the two groups receiving PCIA with Sufentanil
and Nalbuphineat 2, 6, 12, 24, and 48 h postop (p < 0.05) (Han et al., 2022). Postoperatively,
dynamic VAS was significantly lower in the US-TAPB block group (p < 0.05) than in the
two groups receiving PCIA with Sufentanil and Nalbuphine [98].

16. Long-Term Effects

As shown in Table 3, all studies examined participants between 0 and 48 h or on the
first postoperative day, with only one study examining pain intensity one week postop.
Therefore, we cannot infer from this study that TAP block anesthesia has a long-term effect.

Objective #4. Clinical Significance of TAP Block

As shown in Table 4, the minimal clinically significant differences between the US-TAP
block and port infiltration groups all had a large effect size index; however, the US-TAP
block group had a higher effect.
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Table 4. Clinical significance of TAP.

No Author (Year) Drugs Used Meanpost Meanpre SDpre Effect Size Index

1 Ortiz (2012) [20] Morphine 24 h

US-TAP block 16.1 1.5 1.8 8.1

Port infiltration 15.4 0.9 2.0 7.3

17. Discussion

To our knowledge, this is the first review to comprehensively compare the analgesic
efficacy of different procedures for laparoscopic cholecystectomy.

The seven classes of drugs used before anesthesia (pre-medication) include benzodi-
azepines (e.g., Midazolam), analgesics (e.g., Paracetamol), prokinetics (e.g., Metoclopramide),
anticholinergics (Glycopyrrolate), 5-HT3 antagonists (Ondansetron), H2 receptor blockers
(e.g., ranitidine), and alkalinizing agents (ringer lactate solution) [20,60,68,71,74,76]. Common
local anesthetics used for various block procedures in laparoscopic cholecystectomy include
Bupivacaine (0.25–0.375%), Ropivacaine (0.2–0.75%), and Levobupivacaine (0.25–0.375%).
In all, 20 mL and 10 mL of local anesthetics could be the optimal dose for US-TAP or
US-OSTAP blockade procedures and port infiltration.

Evidence from this study has shown that US-TAP blockade in addition to general
anesthesia is more effective than general anesthesia alone for postoperative pain man-
agement [59]. Use of the US-TAP block is associated with a reduced need for analgesics
within the first 24 h postoperative [7]. In addition, using US-TAP block before induction of
anesthesia and after the surgery might be associated with less need for analgesics within
the first 24 h after laparoscopic cholecystectomy, although the two groups do not differ
significantly [95]. The lower the concentration of local anesthetics used for laparoscopic
infiltration, the higher the need for rescue analgesics [7]. Similarly, the higher the concen-
tration of the solution used for US-TAP block, the lower the need for intra-operative or
postoperative analgesia [7,72,98].

Apparently, the addition of 20 mL of normal saline to 0.5% bupivacaine for the US-TAP
block might be associated with a lower need for analgesics than in patients who received
10 mL of normal saline to 0.5% bupivacaine [72]. US-TAP blockade with 0.375% Ropiva-
caine plus 2 mL Dexamethasone is more effective in relieving pain than US-TAP blockade
with the same concentration of Ropivacaine or general anesthesia alone [67]. However,
the addition of a lesser amount of Dexamethasone 1 mcg to 0.5% Ropivacaine does not
result in any significant change [88]. Again, the same concentration of 0.2% Ropivacaine
with an additional 4 mg/kg Dexamethasone was used for different TAP block procedures,
and the US-ESP group had less postoperative pain and required fewer opioids than the
OSTAP block group [92]. The addition of 0.5 mg/kg Esmolol to the local anesthetic for TAP
block infiltration is more effective for pain management than the addition of 0.9% normal
saline [89]. Again, administration of a local anesthetic percutaneously or subcutaneously
or between obliquus internus and transversus abdominis or in the sub-diaphragmatic
and pericholecystic areas is more effective than normal saline. In another development,
the addition of 0.4% Ropivacaine to 100 mL of 0.9% saline and 10 mg/kg Tropisetron for
US-TAP blockade could provide better pain relief than the addition of 2 mg/kg Sufentanil
or Nalbuphine via PCA [98]. Patients receiving 0.5 mcg/kg Dexmedetomidine over 0.375%
Ropivacaine consumed fewer opioids and took longer to request initial analgesia than
patients receiving 2 mL of 0.9% saline over 0.375% Ropivacaine [75]. Magnesium Sulfate
(0.5 g) was added on top of 0.25% Bupivacaine and achieved a reduction pain and in
intra-operative opioid consumption [65]. The addition of 5 mcg Epinephrine to 0.375%
Levobupivacaine is associated with lower postoperative and total opioid consumption [79].
Ketorolac (180 mg) was administered in combination with Oxycodone (40 mg) in addition
to 100 mL of 0.9% saline, compared with patients receiving 20 mL of 0.2% Ropivacaine
and those receiving additional patient-controlled analgesia; however, patients without
local anesthetic had a greater need for analgesia than the others [71]. It was found that the
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addition of 2 mL of Sufentanil to 0.5% Bupivacaine prolonged the time to the first analgesia
request in 24 h compared with patients who received 2 mL of normal saline or normal
saline alone in addition to Bupivacaine [64].

US-TAP blockade with 2 mLof Sufentanil on 0.5% Bupivacaine might be associated
with a lower opioids requirement than the use of 2 mL of 0.9% saline on 0.5% Bupivacaine
or normal saline alone [64]. Uniquely, US-TAP blockade with 1% of Pethidine (40 mL)
in addition to general anesthesia was found to be more effective for pain than US-TAP
blockade with normal saline [70]. In particular, it is associated with lower intra-operative
Fentanyl consumption and lower postoperative Morphine requirements [70].

Postoperative opioid consumption differs for the different types of blocks, with US-
TAP consuming more Fentanyl and US-OSTAP consuming more Nalbuphine [61]. Al-
though US-OSTAP was a relatively new technology, the results seemed consistent with
US-TAP. Notably, when comparing the analgesic efficacy of the US-OSTAP and US-TAP
block procedures, there appears to be no intra-operative difference between the two pro-
cedures in terms of Ketorolac (NSAID) consumption; however, US-OSTAP consumed
more Fentanyl (opioids) than US-TAP block [61]. In contrast, more Fentanyl (opioids) was
consumed postoperatively during the US-TAP block than during the US-OSTAP block [61].
However, Nalbuphine (opioids) consumption was higher in US-OSTAP block than in
US-TAP block [61].

US-OSTAP blockade with Ropivacaine is more effective against pain and requires
fewer analgesics than normal saline during and after surgery and at PACU [83]. In par-
ticular, US-OSTAP blockade appears to be associated with less pain and less need for
opioids 2 h postop and at PACU compared with US-TAP [83]. US-TAP Subcostal block is
associated with less pain experience and opioid consumption compared with quadratus
lumborum [78]. Between 0 and 6 h postop, the US-TAP subcostal block appeared to be
associated with higher pain perception; in contrast, the quadratus lumborum was perceived
as more painful between 12 and 24 h [97]. To view it differently, quadratus lumborum
reportedly had lower pain perception, lower cumulative daily Morphine consumption, and
longer median time to first analgesic request compared with US-TAP block [97]. Therefore,
further quantification is needed to clarify the pattern of analgesic consumption during
different TAP blockade procedures.

Laparoscopically assisted TAP blockade with Bupivacaine plus Periportal injection of
normal saline is associated with pain reduction between 1 and 6 h postoperative compared
with those who received saline TAP blockade with a periportal injection of Bupivacaine [63].
The use of normal saline for LAP-TAP correlates with a higher need for rescue analgesia
both in the ward and at PACU [88].

The port infiltration group seems to have a higher need for analgesics than the US-STA
or US-TAP groups [94]. Notably, in the US-TAP block group, there seems to be a delay in
requesting the first analgesics compared to the port infiltration group [94]. Within 3–6 h
postoperative and at discharge, there appeared to be no significant difference between
LAP-TAP and the port infiltration group; however, at 24 h, the port infiltration group had a
greater demand for analgesia [94]. In contrast, the LAP-TAP group had a greater need for
opioids and greater pain perception 6 h postoperative [94].

Subcostal US-TAP blockade is associated with lower postoperative opioid consump-
tion compared with US-BRILMA [93]. Likewise, the time to request rescue analgesia was
higher with the US-BRILMA blockade than with the US-TAP subcostal blockade [93]. In
addition, US-ESP blockade was found to result in less pain between 2 and 24 h postopera-
tive compared with OSTAP blockade [77]. Moreover, the bilateral double blockade of the
transversus abdominis plane with Ropivacaine was associated with less pain perception at
2 h at rest and at 2, 6, and 48 h during walking and coughing, compared with the sham
control group with normal saline [91].

The optimal dose means that symptoms and side effects can be most effectively
controlled with the lowest dose of a drug [103]. From this study, we can infer that the
optimal dose of local anesthetic for the blocks US-TAP or US-OSTAP could be 20 mL of
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Ropivacaine, Bupivacaine, or Levobupivacaine and 0.4 mL/kg for port site infiltration
(Table 4). This is because we recorded a low number of side effects, adverse events, and
complications (Table 4). However, caution should be exercised in using these data because
of insufficient evidence. Overall, the effects of the interventions in this study were short-
term effects, and we could not find evidence of long-term effects because in most cases,
the studies assessed outcomes between 0 and 24 h, and very few studied subjects 48 h or a
week postoperative.

Corroborating the extant literature, our study confirmed the reduction in analgesic
consumption 24 h after laparoscopic surgery with TAP blockade or general anesthesia
with TAP blockade compared with general anesthesia or no TAP blockade or placebo
treatment, with analgesic consumption also reduced after 24 h [45]. Consistent with the
results of our study, Kalu et al. [104] submitted that postoperative opioid consumption was
influenced by the use of the US-TAP block procedure both preoperatively and postopera-
tively. Notably, there was no significant difference between groups in opioid consumption,
but the US-TAP blockade reduced postoperative pain in both groups. From this review,
the higher the concentration of local anesthetic used for local infiltration, the greater the
effect on pain. Notably, this study found that 30 mL of 0.5% Levobupivacaine was more
effective than 0.2% at 6 h postoperative; El-Dawlatly et al. [59] also used 30 mL of 0.5%
Bupivacaine for US-TAP procedures and achieved a reduction in opioid consumption for
24 h postoperative. Similarly, 0.375% Ropivacaine was equally more effective against pain
compared with 0.25% between 10 and 60 min after surgery when administered by the same
route [69]. The route of local anesthetic administration has been controversial; however,
in previous studies, different routes of administration of Ropivacaine were found to be
more effective than Bupivacaine [105,106]. Although Bupivacaine and Ropivacaine have
been compared at various concentrations in the context of different surgical procedures,
there appears to be a paucity of evidence comparing these local anesthetics in US-TAP
blockade for laparoscopic cholecystectomy. Therefore, future studies should compare the
analgesic efficacy of Ropivacaine and Bupivacaine in different routes of administration for
laparoscopic cholecystectomy.

The modified BRILMA block has been used and was found to reduce intra-operative
Fentanyl consumption and postoperative Morphine consumption in supra-umbilical open
surgeries such as cholecystectomy and gastrectomy [107]. OSTAP block was found to reduce
postoperative pain scores more than intravenous multimodal analgesics, and TAP for
laparoscopic cholecystectomy [68]. In a similar study, Basaran et al. [62] showed significant
improvement in respiratory function and postoperative pain with OSTAP blockade. As our
study shows, the OSTAP block reduced postoperative Tramadol consumption significantly
more than the ESP block; however, the ESP block did not reduce postoperative Tramadol
consumption as significantly as the OSTAP block.

Opioid consumption varies by plane block procedure. While there are no intra-
operative differences between US-TAP and US-OSTAP for Ketorolac, the US-OSTAP group
consumed more Fentanyl, while the US-TAP group consumed more Nalbuphine postopera-
tively using 0.375% of Ropivacaine 40 mL [61]. However, there is contradictory evidence in
the literature. It is worth noting that the US-TAP block reduced intra-operative consump-
tion of Remifentanil or Sufentanil when 30 mL of Bupivacaine or Levobupivacaine was
used [7,59]. Ortiz et al. [20] used 30 mL of 0.5% Ropivacaine and achieved lower intra-
operative consumption of Morphine and Fentanyl compared to the port site infiltration.
In addition, analgesic consumption and the need for rescue analgesia were reduced [7,59].
To look at it another way, 20 mL of Ropivacaine was previously found to reduce pain
when coughing but not at rest [21]. US-TAP blocks following general anesthesia were
significantly associated with lower Morphine consumption in the 24 h following surgery
compared with patients receiving general anesthesia alone [59]. Therefore, future studies
should be designed to clarify the analgesic efficacy of different block procedures using
similar dosages.
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The results of this review have shown that the use of adjuvant in addition to local
anesthetics for TAP block procedures could be effective for pain management in laparo-
scopic cholecystectomy. To improve recovery after surgery and reduce postoperative opioid
consumption, opioid-sparing techniques are increasingly used in anesthesia. Evidently, it
was found that local anesthetics may be improved, and additional analgesics need to be
administered less frequently when Dexmedetomidine is added to local anesthetics during
central neuraxial blocks and peripheral nerve blocks [108]. Additionally, a study has shown
that postoperative Fentanyl requirements were significantly lower in patients in the Esmolol
group [109]. Perineural Dexamethasone combined with posterior TAP block was found to
have a prolonged analgesic effect [110]. The pharmacokinetics of Ropivacaine were studied
after the addition of Epinephrine for abdominal trunk blocks; however, this was found
to attenuate the systemic absorption of Ropivacaine [111]. Previous studies have shown
that multimodal analgesia with TAP blockade in combination with Nalbuphine PCIA is
likely to be more beneficial for hemodynamic stability than Sufentanil or Nalbuphine PCIA,
which is in line with this study outcome [112]. In abdominal TAP procedures, Magnesium
Sulfate in addition to Bupivacaine reduced opioid requirements, duration of anesthesia,
and pain intensity without adverse effects [113]. For OSTAP blockade, Pethidine was used
in comparison with Bupivacaine and normal saline, and it proved to be as effective as
Bupivacaine. The result is consistent with previous studies on the efficacy of US-OSTAP
blocks in laparoscopic cholecystectomy [47,60].

Study results by McDonnell et al. [114] and [115] suggest that local anesthetics in TAP
are cleared only after 36 to 48 h, possibly because TAP has fewer blood vessels compared to
other body regions. Because there are no blood vessels in TAP, there is less risk of systemic
toxicity from local anesthetics, which can occur when blood vessels are punctured, a com-
mon complication of peripheral nerve blocks. An effective method for relieving abdominal
pain is to block the abdominal wall nerves (intercostal nerves, T7-T12, and ilioinguinal and
iliohypogastric nerves, L1) [7]. There are two nerves that cross the intercostal plane between
the obliquus internus muscle and the transversus abdominis muscle [7]. TAP blocking
eliminates the pain caused by abdominal distension due to pneumoperitoneum during four
accesses to laparoscopic cholecystectomy, even though the gallbladder is a supra-umbilical
organ [69]. Unlike conventional blind techniques, ultrasound allows direct visualization
of the target plane, virtually eliminating the limitations of anatomic and marker access.
In patients with limited cardiac status, TAP blockade has also been used as an effective
analgesic during abdominal surgery [116,117].

A few studies have contributed to the understanding of the modulation of postop-
erative pain by Esmolol, although its role in modulating pain still remains unclear [89].
Analgesic effects of beta-adrenergic antagonists are mediated by G proteins that are acti-
vated in isolated cell membranes [108]. Clonidine, which also acts on G proteins, produces
central analgesia by activating these proteins [108]. Clinical studies have shown that the
use of Magnesium Sulfate as an adjunct to local anesthetics is effective for pain in regional
procedures [7,21,59]. However, the mechanism by which it acts remains unclear. It has been
postulated that it may potentiate analgesic effects through local or systemic actions [65].
For magnesium to exert analgesic effects, it must block calcium influx into nerve fibers and
block the NMDA (n-methyl D-aspartate) receptors [118–120]. These effects may interfere
with the release of neurotransmitters at synaptic junctions or enhance the effects of local
anesthetics [121]. There are many sites in the body where this NMDA receptor is found,
including nerve endings, and it plays a well-defined role in modulating pain and various
other functions [122–124]; therefore, blocking NMDA receptors could prevent peripheral
nociceptive stimuli from causing central sensitization [125]. Specifically, as magnesium
prevents NMDA receptor activation, calcium and sodium influx into the cell and potas-
sium outflow into space activate peripheral nociceptive stimulation, resulting in central
sensitization and enhancement [65].

The mechanism by which Dexamethasone might affect pain management also remains
unclear; however, the lack of local blood vessels makes the TAP blockade lasts a long time
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because of the slow breakdown of local analgesia [114,126]. Aside from that, the literature
has shown that different approaches to TAP blockade affect nerves differently [38,127]. In
the past, Dexamethasone prolonged intercostal nerve blockade in sheep when added to
Bupivacaine microspheres [128]. In addition, blockade of the sciatic nerves was induced in
rats with Dexamethasone microspheres added to Bupivacaine [129]. Increasing systemic
absorption and intraneural clearance of local anesthetics may be decreased because the
vasoconstrictive effects of Epinephrine antagonize their inherent vasodilator effects and
they may be redistributed intraneurally [130]. With shorter-acting agents, Epinephrine
significantly prolongs both infiltration anesthesia and peripheral nerve blockade; it may
also increase blockade somewhat, but with Bupivacaine, it prolongs epidural or peripheral
blockade only slightly [131]. Research has shown that the use of different analgesics for
multiple targets can result in satisfactory postoperative pain management [98]. There are
several previous studies indicating a reduction in postoperative pain scores and opioid
consumption after classic mid-axillary blocks US-TAP; a sensory blockade occurs between
dermatomes T6 and T10 when TAP subcostal is reached [132,133]. As a result, OSTAP is
used in the upper abdomen to relieve pain [134].

18. Limitations

The present systematic review has some limitations. Although all included studies
were searched from different countries, we are subject to publication bias because this sys-
tematic review includes studies published in English only. Because of the lack of sufficient
data, we could not draw conclusions about the clinical significance of the various TAP
block procedures. We were also unable to provide information on the long-term effects of
the TAP blockade procedures because of a lack of evidence. There were numerous RCTs
whose data were not suitable for meta-analysis, either because of a pictorial representation
of the data, different methods of measuring outcomes, or inappropriate statistical analysis
(e.g., reporting median and mean values with a range) or the lack of baseline data. Fur-
thermore, the ASA grade and BMI in the baseline data of patients could have an impact
on the tolerance of local anesthetics. Again, the broader inclusion criteria and overall
objective may be a limiting factor to consider when planning further studies. In view of
these problems, it is advisable to not generalize conclusions from this study to broader
clinical settings. However, further studies are needed to clarify the analgesic efficacy of
different TAP block procedures at similar doses. The optimal long-term effect of local
anesthetics in TAP blockade procedures and the toxicity of local anesthetics should be
further investigated.

19. Conclusions

Four different types of anesthetics (Bupivacaine, Ropivacaine, Levobupivacaine, and
Lidocaine) have been reported to be used in concentrations ranging from 0.2% to 0.375% for
LC procedures. Ten different types of drugs (normal saline, Dexamethasone, Dexmedeto-
midine, Magnesium Sulfate, Oxycodone, Ketorolac, Epinephrine, Esmolol, Tropisetron,
and Sufentanil) were reportedly used as supportive agents in addition to local anesthetics
for LC. Although concentrations of LA may vary, 20 mL is probably the optimal dose for
TAP block procedures and 0.4 mg/kg for port infiltration. However, further quantifica-
tion is needed to clarify the optimal dose for different anesthetic concentrations. US-TAP
blockades performed in addition to general anesthesia were more effective for pain than
port infiltration or general anesthesia alone. Postoperative pain perception and opioid
consumption were higher in those who received a US-TAP block after surgery than in
those who received a block before induction; however, it took a shorter time for those who
received a US-TAP block after surgery to require the first analgesics. US-TAP block with
normal saline reportedly had higher opioid consumption in 24 h compared with those
with Bupivacaine over normal saline or Bupivacaine over Sufentanil. It appears that the
higher the concentration of the anesthetic used for US-TAP blockade, the lower the pain
sensation, and that an adjuvant to LA could enhance its analgesic effect. Evidently, those
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who received Ropivacaine at low concentrations required rescue anesthesia in the ward.
There seems to be no significant difference between the US-TAP and US-OSTAP. Time to
first analgesic intake/request was higher in the groups with US-TAP block compared with
quadratus lumborum. However, pain perception between 12 and 24 h was lower in the
US-TAP group than in the quadratus lumborum group. This should be clarified in further
studies. Compared with the port infiltrations, the LAP-TAP block group reportedly had
less pain at rest in the first 3–6 h after surgery. The minimal clinically significant differences
for both TAP block procedures and port infiltration appeared to have a large effect size
index, but this should be taken with caution because of insufficient evidence. Subcostal
US-TAP blockade may be correlated with lower postoperative opioid consumption and
reduced need for rescue analgesics compared with US-BRILMA. US-ESP proved to be more
effective than US-OSTAP block for postoperative pain within 24 h. Finally, multimodal
analgesia could be another strategy for pain management. Analgesia with the TAP blockade
significantly reduces opioid consumption and also provides effective analgesia.
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Abstract: Background: Pregnant women are more likely to suffer post-puncture symptoms such
as headaches and nausea due to the outflow of cerebrospinal fluid after spinal anesthesia. Be-
cause ketamine has the effect of raising intracranial pressure, it may be able to improve the symp-
toms of perioperative hypocranial pressure and effectively prevent the occurrence of hypocranial
pressure-related side effects. Method: Keywords such as ketamine, cesarean section, and spinal
anesthesia were searched in databases including Medline, Embase, Web of Science, and Cochrane
from 1976 to 2021. Thirteen randomized controlled trials were selected for the meta-analysis. Re-
sults: A total of 12 randomized trials involving 2099 participants fulfilled the inclusion criteria.
There was no significant association between ketamine and the risk of headaches compared to the
placebo (RR = 1.12; 95% CI: 0.53, 2.35; p = 0.77; I2 = 62%). There was no significant association
between ketamine and nausea compared to the placebo (RR = 0.66; 95% CI: 0.40, 1.09; p = 0.10;
I2 = 57%). No significant associations between ketamine or the placebo and vomiting were found
(RR = 0.94; 95% CI: 0.53, 1.67; p = 0.83; I2 = 72%). Conclusion: Intravenous ketamine does not improve
the symptoms caused by low intracranial pressure after spinal anesthesia in patients undergoing
cesarean section.

Keywords: cesarean section; ketamine; spinal anesthesia; intracranial hypotension; post-dural punc-
ture headache

1. Introduction

The proportion of cesarean sections in deliveries is increasing due to the gradual
maturation of birth assistance techniques and social factors [1,2]. Cesarean delivery can
help pregnant women who are not allowed to deliver normally due to problems such as
pelvic stenosis, uterine opening insufficiency, and placenta previa, as well as avoiding
the occurrence of pelvic floor injury, urinary incontinence, vaginal relaxation and other
complications caused by natural labor [3,4]. However, weight gain during pregnancy leads
to subcutaneous fat thickening and unclear exposure between vertebrae, which inevitably
increases the risk of spinal anesthesia and post-puncture complications [5]. Hypocranial
pressure caused by cerebrospinal fluid outflow is one of the common complications after
spinal anesthesia, mainly manifested as headache after dural puncture [6], especially in
terms of obstetric anesthesia [7]. In addition, low intracranial pressure can cause nausea and
vomiting [8]. Ketamine is known as a non-competitive, high-affinity N-methyl-D-aspartic
acid (NMDA) receptor antagonist. Unlike sedative drugs such as propofol and etomidate,
it also has a good analgesic effect, which has led to its common use in postoperative
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analgesia in patients undergoing surgery [9]. Another characteristic of ketamine is that it
can increase the intracranial pressure [10,11], and by this compensatory effect, it can relieve
headaches caused by low intracranial pressure [12]. However, evidence from other studies
is inconsistent regarding whether ketamine reduces the incidence of headaches in patients
undergoing cesarean delivery. Therefore, as evidence accumulated, we integrated relevant
randomized controlled trials (RCTs) and performed a systematic review and meta-analysis
to assess whether ketamine reduced the incidence of headaches in patients undergoing
cesarean section under spinal anesthesia. Herein, we hypothesize that ketamine may
be an effective agent for the prevention of hypocranial pressure syndrome. We hope to
provide evidence for the value of ketamine in the prevention of headaches caused by low
cranial pressure.

2. Materials and Methods

2.1. Search Strategy and Selection Criteria

This study was designed according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. We searched the Medline, Embase, Web
of Science, and Cochrane databases from 1976 to 2021 (search strategies are detailed in
Appendix A), resulting in the inclusion of 2099 patients. The search policy was designed
and executed by two authors (Xing, Yang, and Shuang, Liang).

The inclusion criteria were as follows: (a) randomized controlled trial; (b) American
Society of Anesthesiologists (ASA) I–II; (c) patient undergoing cesarean section with spinal
anesthesia; (d) participant treated intravenously with ketamine; (e) article written in English.
The exclusion criteria were as follows: (a) unpublished clinical trial; (b) full text unavailable;
(c) control group received a drug other than normal saline.

2.2. Data Extraction and Quality Assessment

The data included in each study were independently extracted by two researchers
and summarized in an Excel spreadsheet (Xiaoshen Liang and Yu Zhang). We extracted
the following information from these studies: the first author’s name, year of publication,
number of patients, age, BMI (height and weight values were provided in some studies),
ketamine dose, needle size, relevant outcomes (the incidence of perioperative headaches,
nausea, and vomiting), and reported results. This analysis assessed the outcomes, including
the incidence of perioperative headaches, nausea, and vomiting, which are clinical manifes-
tations of low cranial pressure (Table 1). Two other investigators (Xing, Yang, and Shuang,
Liang) independently evaluated the included studies according to the Cochrane Handbook
for Systematic Reviews of Interventions 5.0. The specific contents of the assessment’s
“risk of bias” table included the following: adequate sequence generation, allocation of
concealment, blinding, incomplete outcome data, free of selective reporting, and free of
other bias.

2.3. Statistical Analysis

We evaluated the dichotomous data using risk ratios with 95% confidence intervals.
Heterogeneity is reported using I2 statistics; I2 > 50% indicates significant heterogeneity.
When there was significant heterogeneity between the two included studies (p < 0.05 or
I2 > 50%), the size of the combined effect was calculated using the random-effects model;
otherwise, the fixed-effects model was used. If significant heterogeneity existed, we omitted
a study and instead looked for potential sources of heterogeneity. We also performed
heterogeneity analysis by subgroup analysis. A leave-one-out test, consisting of calculating
the pooled risk ratio by sequentially excluding one study, was performed to identify
studies with a strong influence on the results. The publication bias was assessed by using
funnel plots. Review Manager Version 5.3 (The Cochrane Collaboration, Software Update,
Oxford, UK) was used to perform the meta-analyses. p-Values <0.05 were considered
statistically significant.
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Table 1. Characteristics of the included studies.

First Author Year
Number

(K; C)
Age, Years

(K; C)
BMI

Height, cm
(K; C)

Weight,
kg

(K; C)

Surgery Time,
min

(K; C)

Ketamine
Dose

(mg/kg)

Needle
Size
(G)

Relevant
Outcomes

Reported
Results
(K; C)

Sen, S. et al. [13]. 2005 30; 30 26.3 ± 5.3;
27.1 ± 4.6 / 162 ± 6.1;

160.0 ± 5.2
78.1 ± 7.8;
73.2 ± 9.4

41.9 ± 9.2;
48.3 ± 6.4 0.15 25 Headache,

nausea

1. Headache
2; 5

2. Nausea
2; 3

Menkiti, I. D. et al. [14]. 2012 28; 28 30.3 ± 4.0;
29.8 ± 3.1 / 1.64 ± 0.03;

1.61 ± 0.12
73.7 ± 6.2;
72.2 ± 5.0

56.3 ± 8.6;
55.6 ± 8.6 0.15 26

Headaches,
nausea,

and
vomiting

1. Headaches
1; 1

2. Nausea
0; 2

3. Vomiting
2; 1

Rahmanian, M. et al. [15]. 2015 80; 80 27.4 ± 4.8;
27.6 ± 4.4 / /

78.5 ±
11.9;

77.7 ± 10.8

40.2 ± 3.8;
39.8 ± 3.2 0.25 25

Headaches,
nausea,

and
vomiting

1. Headaches
21; 27

2. Nausea
26; 25

3. Vomiting
15; 28

Edipoglu, I. S. et al. [16]. 2017 60; 60 28.68 ± 5.82;
28.43 ± 4.82

33.54 ± 4.61;
33.85 ± 4.94 / / 27.30 ± 7.36;

27.93 ± 5.34 0.15 26

Headaches,
nausea,

and
vomiting

1. Headaches
0; 2

2. Nausea
2; 11

3. Vomiting
2; 11

Xu, Y. et al. [17]. 2017 162; 163 31 ± 4;
32 ± 4

27 ± 3;
28 ± 3 / / 43.8 ± 14.4;

44.0 ± 12.6 0.25 25
Headaches

and
vomiting

1. Headaches
8; 1

2. Vomiting
7; 2

Zangouei, A. et al. [12]. 2019 32; 32 / / / / / 0.15 27 Headaches 1. Headaches
10; 14

Yao, J. et al. [18]. 2020 153; 155 30 ± 4;
30 ± 3

29 ± 3;
28 ± 3 / / / 0.25 / Headaches 1. Headache

15; 3

Kose, E. A. et al. [19]. 2013 (30 + 30);
30

{28.2 (18–43) +
26.8 (20–45)};
27.3 (18–43)

{26.9 ± 5.9
+ 26.3 ± 6.1};

27.8 ± 6.8
/ /

68 ± 6;
71 ± 5;
65 ± 7

0.25 and 0.5 25
Nausea

and
vomiting

1. Nausea
10; 13

2. Vomiting
5; 6

Hassanein, A. et al. [20]. 2015 45; 45 29.4 ± 7.2;
30 ± 6 / 163 ± 4;

162 ± 6.5
72 ± 9;
69 ± 13 / 0.4 25

Nausea
and

vomiting

1. Nausea
6; 13

2. Vomiting
4; 9

Lema, G. F. et al. [21]. 2017 41; 41 26 (6); 26 (7) / 160 (10);
160 (11)

60 (9);
60 (14)

50 (20);
45 (20) 0.2 22–25

Nausea
and

vomiting

1. Nausea
5; 6

2. Vomiting
5; 6

Ma, J. H. et al. [22]. 2019 327; 327 / 27.5 ± 3.1;
29.4 ± 26.6 / / / 0.5 25 Vomiting 1. Vomiting

62; 30

Sarshivi, F. et al. [23]. 2020 45; 45 30.8 (±4.5);
29.8 (±4.5)

29.4 ± 3.3;
29.1 ± 8.8

159.12 ± 4.52;
158.14 ± 4.22

68.19
±5.48;

67.37 ±
8.12

51 (±18);
54 (±15) 0.3 25

Nausea
and

vomiting

1. Nausea
18; 12

2. Vomiting
14; 8

Table notes: K, ketamine group; C, control group; BMI, body mass index.

3. Results

3.1. Eligible Studies and the Characteristics

By searching the databases mentioned above, 208 studies were retrieved for the
systematic review. Eighty-seven duplicate studies were excluded. After screening the titles
and abstracts, only thirty studies were considered eligible for full reading. Twelve studies
met all the selection criteria [12–23] as determined through browsing the titles, abstracts,
and full texts (Figure 1). The included articles were published between 2005 and 2020, with
sample sizes ranging from 28 to 163. All of the patients were delivered by cesarean section
under spinal anesthesia and injected with ketamine intravenously at 0.15–0.5 mg/kg. The
baseline characteristics of all the studies were statistically similar. The characteristics of the
included randomized controlled trials are summarized below (Table 1).

Of all the included studies, three documented the incidence of postoperative headaches
at different time points; the remaining studies did not explain the specific time points of
occurrence. Therefore, the number with the highest incidence in these studies was chosen as
the overall incidence figure based on the authors’ description of the recording method. One
study used two doses of ketamine compared to a placebo group, so we combined the two
into one group when extracting data. In all the included articles, we could only calculate
the respective totals of postoperative headaches, nausea, and vomiting in each study, as
most articles did not include headaches, nausea, or vomiting as primary outcomes. Only
one study [12] documented, in detail, the incidence of headaches occurring immediately
postoperatively, 4 h postoperatively, 12 h postoperatively, and 24 h postoperatively. And
in this study, a significant difference was found in the incidence of headaches between
the ketamine and control groups in the immediate postoperative period and 4 h postop-
eratively, while no significant difference was found in the 12-h and 24-h postoperative
periods. However, in another study [18], who recorded the incidence of headaches at 5 min
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postoperatively, 15 min postoperatively, and at the time of leaving the operating room, the
incidence of headaches was higher in the ketamine group than in the control group.

Figure 1. Flow diagram of the study selection.

3.2. Quality Assessment of the Selected Studies

The Cochrane Quality Assessment Form indicated that the majority of the studies were
regarded as “low risk” or “unclear risk”. The risk after consolidation is shown in Figure 2.

3.3. Effect of Interventions
3.3.1. Headaches

The incidence of postoperative headaches was assessed in this meta-analysis. Con-
sidering the significant heterogeneity (I2 > 50%), we used the random-effects model to
calculate the pooled effect size. There was no significant improvement in the ketamine
group compared to the placebo (RR = 1.12; 95% CI: 0.53, 2.35; p = 0.77; I2 = 62%) (Figure 3).
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Figure 2. Risk of bias: (a) a summary table of the review authors’ judgements for each risk of bias
item for each study; (b) a plot of the distribution of the review authors’ judgements across studies for
each risk of bias item [12–23]. “+” Low risk of bias; “?” unclear risk of bias; “−” high risk of bias.

Figure 3. Forest plot of headaches [12–18].

3.3.2. Nausea

The incidence of postoperative nausea was assessed in this meta-analysis. We used the
random-effects model to calculate the pooled effect size. The nausea was not significantly
different between the two groups (RR = 0.66; 95% CI: 0.40, 1.09; p = 0.10; I2 = 57%) (Figure 4).
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Figure 4. Forest plot of nausea [13–16,19–21,23].

3.3.3. Vomiting

The incidence of postoperative vomiting was assessed in this meta-analysis. We used
the random-effects model to calculate the pooled effect size. Vomiting was not significantly
different between the two groups (RR = 0.94; 95% CI: 0.53, 1.67; p = 0.83; I2 = 72%) (Figure 5).

Figure 5. Forest plot of vomiting [14–23].

3.4. Subgroup Analysis

Considering that different durations of ketamine administration may be one of the
important factors affecting the outcome indicators, we conducted a subgroup analysis of
the included studies, which were divided into two subgroups: pre-delivery administration
and post-delivery administration. However, the results of the three outcome measures did
not change, and there was still no significant difference between the ketamine and control
groups (Figure 6a–c).

3.5. Sensitivity Analysis and Publication Bias

In sensitivity analyses, we calculated the combined effect size by the consecutive
exclusion of one study, but the indicators remained non-significantly different between
the two groups, indicating that our primary estimates of headaches, nausea, and vomiting
were robust. No obvious publication bias was found through the visual inspection of the
funnel plots (Figure 7a–c).
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Figure 6. Forest plot of subgroups [12–23]: (a) headaches; (b) nausea; (c) vomiting.
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Figure 7. Funnel plot of comparison: (a) headaches; (b) nausea; (c) vomiting.

4. Discussion

A cesarean section is one of the most common operations in the operating room,
and spinal anesthesia can provide sufficient surgical anesthesia [24]. Among the many
complications of spinal anesthesia, post-dural puncture headaches are one of the more
common, usually due to cerebrospinal fluid flowing out of the patient’s dural puncture
site [25,26]. Moreover, due to significant weight gain during pregnancy, most pregnant
women have thickened subcutaneous fat, making the administration of spinal anesthesia
more difficult, which also leads to an increased risk of cerebrospinal fluid outflow leading
to hypocranial pressure [27,28]. Headaches are a characteristic symptom of low intracranial
pressure [29], most importantly, postural headaches, accompanied by nausea and vom-
iting [30]. Therefore, we regard the incidence of headaches, nausea, and vomiting as an
indicator for assessing the treatment of hypocranial pressure. Studies have shown that
hypocranial pressure syndrome affects the prognosis and recovery of pregnant women [31].
Although different treatment modalities are available depending on the severity, includ-
ing lying down, massive fluid administration, analgesic medications, and epidural blood
patches [32,33], the effective prevention of PDPH is important.

Ketamine is a traditional intravenous anesthetic that not only has sympathetic excita-
tory effects [34], but also increases cerebral blood flow by dilating cerebral blood vessels,
triggering an increase in intracranial pressure [35]. The mechanism by which ketamine
increases intracranial pressure has been discerned, and it is noteworthy that ketamine
can cause an increase in intracranial pressure by increasing the partial pressure of carbon
dioxide and thus dilating the cerebral vasculature while preserving natural respiration [36].
Therefore, the intracranial pressure-raising effect of ketamine was allowed during spon-
taneous breathing in the cesarean section patients included in our study. Furthermore,

64



J. Clin. Med. 2022, 11, 4129

although other studies have suggested that ketamine may cause a decrease in intracranial
pressure [37,38] or have no significant effect on intracranial pressure [36,39,40], the prevail-
ing view remains that ketamine has an increased effect on intracranial pressure. However,
it is unclear whether this increase in intracranial pressure is sustained and whether it has
associated adverse effects in the perioperative period.

In this meta-analysis, we demonstrate that intravenous ketamine does not improve
headaches, nausea, and vomiting due to low cranial pressure in patients undergoing spinal
anesthesia for cesarean delivery. Considering that the different time points of intravenous
ketamine administration may be a key variable in this assessment, we performed a sub-
group analysis with fetal delivery as the dividing line, but no difference between the
ketamine and control groups was demonstrated. We concluded that the different time
points of administration had no effect on the therapeutic effect of ketamine.

The main limitation of this study is that, for most of the included studies, we do not
know whether the patients experienced cerebrospinal fluid leakage—this would affect
our ability to accurately determine whether these patients had low cranial pressure.Thus,
we could not distinguish whether the patients’ headaches, nausea, and vomiting were
caused by low cranial pressure or the psychiatric-related side effects of ketamine [41,42].
Therefore, based on the available evidence, we believe that ketamine (range 0.15 mg/kg
to 0.5 mg/kg) is not effective in preventing hypocranial-pressure-related symptoms in
patients undergoing cesarean section under spinal anesthesia. However, esketamine, with
its stronger analgesic effect and fewer psychiatric side effects, has gradually replaced
ketamine in clinical anesthesia [43]. This drug may be an effective agent for the prevention
of hypocranial pressure.
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Appendix A

1. Search strategy for CENTRAL, the Cochrane Library

#1 Mesh descriptor: [Cesarean Section] explode all trees
#2 Mesh descriptor: [Ketamine] explode all trees
#3 (Spinal anesthesia): ti, ab, kw OR (Epidural): ti, ab, kw
#4 (#1 AND #2 AND #3)

2. Search strategy for web of science (OvidSP)

#1 TS= (Ketamine OR CI-581 OR CI581 OR CI581 OR Ketalar OR Ketaset OR Ketanest
OR Calipsol OR Kalipsol OR Kalipsol OR Ketamine Hydrochloride)

#2 TS= (Cesarean section OR cesarean Sections OR Delivery, Abdominal OR Abdomi-
nal Deliveries OR Deliveries, Abdominal OR Caesarean Section OR Caesarean Sections OR
Abdominal Delivery OR C-Section OR C Section OR Postcesarean Section)

#3 TS= (Anesthesia, Epidural OR Anesthesia, Peridural OR Anesthesia, Peridural OR
Peridural Anesthesia OR Peridural Anesthesia’s OR Anesthesia, Extradural OR Anesthesia,
Extradural OR Extradural Anesthesia OR Extradural Anesthesia’s OR Epidural Anesthesia
OR Anesthesias, Epidural OR Epidural Anesthesias)
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#4 TS= (Anesthesia, Spinal OR Anesthesia, Spinal OR Spinal Anesthesia OR Spinal Anesthesias)
#5‘#4 OR #3’
#6‘#5 AND #2 AND #1’

3. Search strategy for Embase (OvidSP)

#1 (‘controlled study’: ab, ti OR random*: ab, ti OR ‘trial*: ab, ti)
#2 (‘ketamine’/exp)
#3 (keta*: ab, ti)
#4 (#2 AND #3)
#5 (‘cesarean section’/exp)
#6 (‘cesarean section*’: ab, it OR deliver*: ab, it OR ‘abdominal deliver*’: ab, ti OR ‘c

section*’: ab, ti OR ‘postcesarean section’: ab, ti OR cesarean: ab, ti)
#7 (#5 AND #6)
#8 (#1 AND #4 AND #7)

4. Search strategy for MEDLINE (OvidSP)

#1 (“ketamine”[Mesh Terms] OR “keta*”[Mesh Terms])
#2 (“cesarean section*”[Title/Abstract] OR “deliver*”[Title/Abstract] OR “abdomi-

nal deliver*”[Title/Abstract] OR “c section*”[Title/Abstract] OR “postcesarean section”
[Title/Abstract] OR “cesarean section”[Mesh Terms])

#3 (“Randomized Controlled Trial”[Publication Type] OR “Controlled Clinical Trial”
[Publication Type] OR “Clinical Trials as Topic”[Mesh Terms: noexp] OR “randomized”
[Title/Abstract] OR “placebo” [Title/Abstract] OR “randomly”[Title/Abstract] OR “trial”
[Title/Abstract]) NOT (“Animals”[Mesh Terms] NOT “Humans”[Mesh Terms])

#4 (#1 AND #2 AND #3)
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Abstract: Background: Gender issues have received increasing attention in clinical research of the
past years, and biological sex has been introduced as a moderating variable in experimental pain
perception. However, in clinical studies of acute pain and gender, there are conflicting results. In
particular, there are limited data on the impact of gender differences after spinal sequestrectomy.
The aim of this work is to examine gender differences in postoperative pain and pain medication
consumption in an inpatient clinical setting. Methods: Data of a completed double-blind RCT was
subdivided by gender and reanalyzed by means of an analysis of variance in repeated measures.
Outcomes included pain severity measured on a VAS, affective (SES-A) and sensory pain perception
(SES-S) and morphine equivalent doses (MED) of analgesics after spinal sequestrectomy. Results:
In total, 42 female (47.73%) and 46 male (52.27%) patients were analyzed. No differences in pain
severity (VAS: Gender × Time F = 0.35; (df = 2, 86); p = 0.708), affective and sensory pain perception
(SES-A: Gender × Time F = 0.08; (df = 2, 86); p = 0.919; SES-S: Gender × Time F = 0.06; (df = 2, 86);
p = 0.939) or post-operative opioid use between men and women (MEDs: Gender × Time F = 1.44;
(df = 2, 86); p = 0.227) could be observed. Conclusions: This reanalysis of an RCT with respect to
gender differences is to our knowledge the first attempt to investigate the role of gender in pain
perception and medication after lumbar spine sequestrectomy. In contrast to other studies, we
were not able to show significant differences between male and female patients in all pain-related
outcomes. Apart from well-established pain management, psychological reasons such as gender-
specific response biases or the observer effect might explain our results. Trial registration: The study
was registered as a regulatory phase IV study at the German Clinical Trials Register (DRKS), an
open-access online register for clinical trials conducted in Germany (Reg-No: DRKS00007913).

Keywords: gender differences; clinical trial; lumbar sequestrectomy; postoperative pain

1. Introduction

According to recent statistics, the incidence of disc herniation is 5 to 20 cases per
1000 adults per year [1]. It is most common in people in their third to fifth decade of life,
with a male-to-female ratio of 2:1. The approximate prevalence is about 1–3 percent of
patients for symptomatic herniated discs of the lumbar spine [2]. In such cases, lumbar
spine surgery is one of the most common procedures in the Western world. According to
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several studies and systematic reviews, there has been a rising trend in the total number of
surgical interventions by 71% since 2007 in Germany [3].

Gender-specific perception of pain has been discussed frequently and has gained
increasing attention in pain research in recent years [4]. Differences between women
and men in pain appear to be related to both sex and gender. In abbreviated terms, the
word “sex” refers to differences in human anatomy, physiology or organ systems, and
the word “gender” refers to psychosocial interactions [5]. Most pain conditions have a
higher prevalence in women, and women report more severe pain, longer pain duration
and more frequent pain [6]. Studies have shown that female patients have higher pain
intensity and require higher doses of opioids compared to male patients in the immediate
postoperative period to achieve a similar level of analgesia [7]. In a brief review, Pieretti
et al. examined literature on sex differences in experimental and clinical pain, focusing
on biological mechanisms that have been suggested to be responsible for the observed
sex differences. They found that biological factors such as sex hormones are considered
to be one of the main mechanisms explaining differences in pain sensitivity in males and
females [8].

Although gender differences in pain perception is a current research topic, little is
known about its role in the field of degenerative diseases of the lumbar spine. Given these
challenges, Maclean et al. [9] recently conducted a scoping review to map and synthesize
the adult surgical literature regarding gender differences in pre- and postoperative patient-
reported clinical assessment scores for patients diagnosed with lumbar degenerative disease.
Postoperatively, female patients showed worse absolute pain, disability and quality of
life, but showed equal or greater interval change compared with men [9]. Several clinical
studies observed higher analgesic consumption after lumbar surgery in women than in
men [10–12]. Most authors, however, conclude that further studies are needed to investigate
gender differences in the effects of spine surgery.

Hence, we aimed at reanalyzing a recently conducted randomized, controlled clinical
trial of patients undergoing elective, monosegmental, lumbar sequestrectomy [13] with
respect to gender differences in pain perception, severity and pain medication use.

2. Materials and Methods

The original study was a regulatory, randomized controlled trial of phase IV, compar-
ing additional treatment with potentized Hypericum perforatum to standard pain medication
alone. The study was approved by the local ethics committee and the Federal Institute for
Drugs and Medical Devices (BfArM, Bonn, Germany, EudraCT–No.: 2013-001383-31) [14].

2.1. Patients

A total of 114 study participants were recruited from November 2015 to August
2018 from patients receiving a monosegmental spinal sequestrectomy due to a lumbar
disc herniation at the Department of Neurosurgery at the Community Hospital Herdecke.
Of those, twelve patients were excluded and thus, a total of 88 patients were eligible
for statistical analysis. Of those, two did not meeting inclusion criteria, ten declined to
participate, twelve did not receive allocated intervention and two patients were excluded
for other reasons. Thus, a total of 88 patients were included for statistical analysis. Figure 1
provides a flow chart of the patients included in the study.
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Figure 1. Flow chart of the patients included in the study.

2.2. Pain Medication and Outcomes

Patients were followed several times per day for their pain perception and medication
use during their hospital stay. Standard pain medication included Ibuprofen and Metami-
zole, and in less frequent cases, Oxycodone, Tilidine or Tapentadol. If necessary, patients in
few cases also received Morphine, Piritramide or Tramadol. Their number and dosages
(mg) were extracted from the medical record folder and converted to morphine-equivalent
doses (MEDs) in accordance with other trials on analgesic intake [13].

Pain perception was measured on a 100-mm visual analog scale (VAS) four times each
day and then averaged for further evaluation. In addition, the German Version of the Pain
Perception Scale introduced by Geissner was used to access the dimensions of “Affective
Pain” (SES-A) and “Sensory Pain” (SES-S). The SES was scored at baseline and during
postoperative study visits on days one, three and five [15].

2.3. Statistical Analysis

Baseline summary data of the total study population subdivided by gender were
calculated using descriptive analyses and univariate statistics. To test for gender differences
in pain management and perception, outcomes were modeled as a function of gender,
duration of surgery and pain intensity at baseline within an ANOVA, including days
after surgery as repeated measures (SAS-procedure PROC MIXED). A two-tailed error
probability of α = 5% was used to test for gender differences. Results were reported using
mean values and standard deviations for sample description and 95% confidence intervals
for inferential statistics.

3. Results

In total, 42 female (47.73%) and 46 male (52.27%) patients were analyzed.
No significant differences were observed between the groups at baseline: female patients

were aged between 25 and 82 years with a mean of 52.74 ± 12.85 years while male patients
were aged between 18 and 79 years and on average 1.25 years younger (50.5 ± 14.42 years).
Duration of surgery for all patients was about one hour (64.70 ± 24.73 min) without being
significantly different between female (60.83 ± 23.35 min) and male (68.24 ± 25.66 min)
patients. Body mass index also did not differ between females (26.93 ± 5.01) and males
(28.02 ± 4.30). With respect to the indication of operation, an equal majority of the patients
(n = 34, 38.6%) were diagnosed with a herniated disc at lumbar segments L5–S1 and L4–L5,
followed by L3–L4 in 14 cases (15.9%), L2–L3 in 5 cases (5.7%) and in one case, L1–L2
(1.1%). As shown in Table 1, there was no significant difference in the distribution of
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affected lumbar segments between male and female patients. Also, the affected side did
not significantly differ between male and female patients (p = 0.741): in 15 female (35.7%)
and 18 male patients (39.1%) the right side was affected, while the left side was affected in
27 female patients (64.3%) and 28 male patients (60.9%). In two cases (one female, one male)
the location according to the classification given in [16] was exclusively intraforaminal,
while in one male patient, the location was intra-extraforaminal. Table 1 summarizes the
sociodemographic data, anatomical location and surgical duration.

Table 1. Sociodemographics subdivided by gender.

Total
n = 88

Female
n = 42

Male
n = 46

p-Value

Age (years)
n 88 42 46

M ± SD 51.57 ± 13.66 52.74 ± 12.85 50.5 ± 14.42 0.446
Median 53 53.5 53

Minimum 18 25 18
Maximum 82 82 79

Surgery duration
n 88 42 46

M ± SD 64.70 ± 24.73 60.83 ± 23.35 68.24 ± 25.66 0.162
Median 60 57.5 65

Minimum 26 26 33
Maximum 158 158 133

BMI
n 86 42 44

M ± SD 27.48 ± 4.67 26.93 ± 5.01 28.02 ± 4.30 0.283
Median 27.05 25.31 28.54

Minimum 19.13 19.13 19.15
Maximum 40.09 40.09 38.58

Level of disc herniation
n 88 42 46

L1–L2 1 (1.1%) 1 (2.4%) 0 (0.0%)
L2–L3 5 (5.7%) 2 (4.8%) 3 (6.5%)
L3–L4 14 (15.9%) 7 (16.7%) 7 (15.2%) 0.828
L4–L5 34 (38.6%) 17 (40.5%) 17 (37.0%)
L5–S1 34 (38.6%) 15 (35.7%) 19 (41.3%)
Side

n 88 42 46
right 33 (37.5%) 15 (35.7%) 18 (39.1%) 0.741
left 55 (62.5%) 27 (64.3%) 28 (60.9%)

Location
n 88 42 46

exclusively intraforaminal 2 (2.3%) 1 (2.4%) 1 (2.2%)
intra-extraforaminal 1 (1.1%) 0 (0.0%) 1 (2.2%) 0.629

intraspinal 85 (96.6%) 41 (97.6%) 44 (95.6%)

3.1. Pain Severity

Figure 2 shows the development of the pain severity as measured with a VAS over the
entire inpatient period. Regardless of gender, a clear decrease in pain perception by about
60% from 6.21 ± 2.59 at hospital admission to 2.46 ± 2.52 at day 5 was observed without
being significantly different between gender in the complete course of time (ANOVA:
Gender × Time F = 0.35; (df = 2, 86); p = 0.708) and for each of the single time points
(p between 0.412 and 0.983).
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Figure 2. Means and 95% confidence intervals of pain severity from hospital admission (T-1) to day 5
(T5) by gender (VAS: visual analogue scale).

3.2. Affective and Sensory Pain Perception

Data on affective (SES-A) and sensory pain perception (SES-S) are provided in
Tables 2 and 3.

Table 2. Affective pain perception (SES-A) from hospital admission (T-1) to day 5 after operation (T5).
p-values of t-test comparisons between men and women.

SES-A Total
n = 88

Female
n = 42

Male
n = 46

t-Test
p-Value

T-1 n 88 42 46
M ± SD 35.60 ± 11.50 36.71 ± 12.32 34.59 ± 10.74 0.389
Median 36.00 40.00 35.50

T1 n 88 42 46
M ± SD 24.30 ± 10.43 24.14 ± 10.24 24.43 ± 10.71 0.897
Median 20.00 20.00 20.50

T3 n 87 42 45
M ± SD 20.55 ± 8.61 20.14 ± 9.38 20.93 ± 7.92 0.671
Median 17.00 16.50 18.00

T5 n 37 19 18
M ± SD 22.81 ± 10.75 22.53 ± 11.15 23.11 ± 10.62 0.871
Median 18.00 17.00 18.50

Table 3. Sensory pain perception (SES-S) from hospital admission (T-1) to day 5 after operation (T5).
p-values of t-test comparisons between men and women.

SES-S
Total
n = 88

Female
n = 42

Male
n = 46

t-Test
p-Value

T-1 n 87 41 46
M ± SD 21.10 ± 7.55 21.29 ± 7.35 20.93 ± 7.80 0.827
Median 20.00 20.00 19.50

T1 n 86 41 45
M ± SD 16.51 ± 6.70 16.63 ± 6.59 16.40 ± 6.88 0.873
Median 14.50 14.00 15.00

T3 n 86 42 44
M ± SD 14.06 ± 5.23 14.00 ± 5.06 14.11 ± 5.44 0.920
Median 12.00 12.00 12.00

T5 n 37 19 18
M ± SD 15.32 ± 6.21 15.32 ± 5.53 15.33 ± 7.02 0.993
Median 13.00 14.00 13.00

73



J. Clin. Med. 2022, 11, 2333

In both groups there was a significant reduction in sensory pain perception, which
resulted in almost identical values for affective pain perception (22.53 ± 11.15 in female
patients and 23.11 ± 10.62 in male patients) and sensory pain perception (15.32 ± 5.53 in
female patients and 15.33 ± 7.02 in male patients) on day five. Again, the linear mixed
model did not reveal any significant differences in the course of time between the groups
(ANOVA SES-A: Gender × Time F = 0.08; (df = 2, 86); p = 0.919; SES-S: Gender × Time
F = 0.06; (df = 2, 86); p = 0.939).

3.3. Pain Medication

Pain medication measured in MEDs increased from 129.94 ± 155.46 mg MED at
admission to 149.97 ± 151.95 mg MED on day one and a maximum of 171.02 ± 148.16 mg
MED on day 2 for all patients. Subdivided by gender pain medication showed an almost
identical course in women and men, however, MEDs in men except for day three were
always below the MEDs of the female patients (Figure 3) but without being significant
(ANOVA: Gender × Time F = 1.44; (df = 2, 86); p = 0.227).

Figure 3. Means and 95% confidence intervals of total pain medication from hospital admission (T-1)
to day 5 (T5) by gender.

This is also reflected in the statistical analysis of the total amount of medication in the
inpatient period subdivided by gender. Although there is a lower amount of medication in
men, the difference is not significant (p = 0.47; Table 4).

Table 4. Total amount of medication in mg MED from day 1 to day 5 after operation by gender.

Total
n = 88

Female
n = 42

Male
n = 46

t-Test

Sum of day 1 to day 5 Mean (SD) Mean (SD) Mean (SD) p-value
Medication 569.57 (543.78) 614.09 (596.95) 528.92 (498.42) 0.47

4. Discussion

This reanalysis of an RCT with respect to gender differences is to our knowledge
the first attempt to investigate the role of gender in pain perception and medication after
lumbar spine sequestrectomy. Clinical and anatomical data of our study i.e., data on the
level of disc herniation, side and location is in accordance with published data provided
in [16–18]. No significant differences were observed between the groups at baseline in
terms of age, pain medication, duration of operation and body mass index, which, in
terms of preoperative opioid use, is in accordance with [19]. We were able to show that
there were no differences between male and female patients for all pain-related outcomes.
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Remarkably, pain medication consumption showed an almost identical course in women
and men, however, MEDs in men except for day three were always below the MEDs of the
female patients but without being significant, in agreement with the results of [20]. The
same is seen in the total amount of medication consumption: a lower amount of medication
in men, but the difference is not significant, which contrasts with the results of [21] but is in
line with the results of [22].

As mentioned in the introduction, most studies examining pain and gender differences
find worse outcomes for women. Studies have shown this effect in both pre- and postop-
erative acute pain settings [8,23], which was also shown by a number of studies from the
field of gender differences in surgical management of lumbar degenerative disease [9,24].
In another study of Strömquist et al. (2016) on preoperative data from 15,631 patients who
underwent lumbar disc herniation surgery between 2000 and 2010, women were reported
to have worse clinical status than men [11]. The study, however, found no evidence-based
data to support this difference, and the reason for this finding remained unclear. Part of the
explanation for the differences between men and women could be physical constitution,
which leads to different biomechanical properties [25].

Sex hormones are often listed as influencing factors for gender differences, in addition
to endogenous opioid activation, neurochemical mechanisms or differences in neuroim-
munology and genetic factors matter [26,27]. Possible biopsychosocial and psychosocial
factor mechanisms underlying sex differences in pain need to be discussed.

The prevalence of chronic low back pain is higher in women than men and increases
linearly from the third decade of life to age 60 [28]. Therefore, women are more likely to ex-
perience clinical pain symptoms, and they show increased pain sensitivity in experimental
pain studies [29].

Finally, these findings may simply reflect gender-specific response biases. Men under-
report pain and/or women overreport pain. Humans of different genders also differ in pain
management strategies. Male patients tend to prefer problem-solving and instrumental
strategies, whereas female patients are more likely to seek social support and tend to focus
more on emotional aspects of the pain situation [29,30]. In addition, depression and anxiety
are also often associated with physical pain, with a higher prevalence in women [31].

A systematic literature review found that a so-called observer effect often influences
studies: female study participants tended to decrease pain when the investigator was of the
opposite sex, while men tended to rate pain lower when the investigator was female [32].
In our study, the outcomes were directly documented in the documentation sheets from
the patients themselves, so this effect will not have played a role.

5. Limitations

The sample size of the study was based on an efficacy trial investigating the treatment
with homeopathic Hypericum perforatum as an add-on to standard postoperative pain
management. Thus, the trial was not intended to detect small differences such as those
in the present reanalysis with regard to gender. However, statistical results with p-values
clearly above the threshold of significance do not suggest that the low sample size plays an
important role.

All patients had been randomly assigned to receive either a placebo or Hypericum
perforatum; blinding of the patients was carried out properly, and no gender differences
in the original study outcomes were observed. Thus, a contamination of the present
results due to positive expectancy regarding the therapy, which might have influenced pain
perception, can also be ruled out. Moreover, in the original trial, the additional treatment
with Hypericum perforatum did not show a significant effect with respect to pain perception
or opioid consumption. Thus, an influence of the additional treatment with Hypericum
perforatum can also be excluded [13].
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6. Conclusions

The results of this reanalysis are contradictory to most other studies in the field of
neurosurgery, as no significant gender differences in pain perception and analgesic con-
sumption after lumbar spinal surgery could be presented. It is possible that biopsychosocial
mechanisms and the role of psychological factors that may influence sex differences in pain
do not occur during a short postoperative inpatient stay. This should be considered in
future research. Moreover, a summary of existing findings, e.g., in terms of a systematic
review or meta-analysis, would therefore be desirable.
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Abstract: Nefopam is a centrally acting non-opioid analgesic, and its efficacy in multimodal analgesia
has been reported. This study aimed to assess the analgesic efficacy of intraoperative nefopam on
postoperative pain after video-assisted thoracoscopic surgery (VATS) for lung cancer. Participants
were randomly assigned to either the nefopam or the control group. The nefopam group received
20 mg of nefopam after induction and 15 min before the end of surgery. The control group received
saline. The primary outcome was cumulative opioid consumption during the 6 h postoperatively.
Pain intensities, the time to first request for rescue analgesia, adverse events during the 72 h postoper-
atively, and the incidence of chronic pain 3 months after surgery were evaluated. Ninety-nine patients
were included in the analysis. Total opioid consumption during the 6 h postoperatively was com-
parable between the groups (nefopam group [n = 50] vs. control group [n = 49], 19.8 [13.5–25.3] mg
vs. 20.3 [13.9–27.0] mg; median difference: −1.55, 95% CI: −6.64 to 3.69; p = 0.356). Pain intensity
during the 72 h postoperatively and the incidence of chronic pain 3 months after surgery did not
differ between the groups. Intraoperative nefopam did not decrease acute postoperative opioid
consumption or pain intensity, nor did it reduce the incidence of chronic pain after VATS.

Keywords: nefopam; video-assisted thoracoscopic surgery; acute postoperative pain; opioid
consumption; chronic post-surgical pain; lung cancer

1. Introduction

Severe postoperative pain after thoracic surgery interferes with deep breathing and
coughing and reduces pulmonary function, which increases the incidence of postoperative
pulmonary complications [1,2]. Furthermore, severe pain in acute postoperative periods
seems to be strongly associated with the development of chronic post thoracotomy pain
syndrome (CPTPS) [3–5]. The CPTPS, defined as pain which persists or recurs longer
than 3 months after thoracotomy [6], has been reported in its incidence up to 80% of
patients at 3 months and 61% 1 year after surgery [1]. The patients with CPTPS suffer
from neuropathic or sympathetically mediated pain as well as nociceptive pain, and it
can interfere with patients’ daily activities and further reduce their quality of life [3,4,6].
Therefore, several efforts have been made to manage or prevent acute and chronic post-
thoracotomy pain. Thoracic epidural analgesia was widely used as the gold standard
for pain control. However, it has relatively common complications, such as hypotension
and urinary retention, and has low cost effectiveness [7,8]. Opioids are also an important
component of pain management; however, the indiscriminate use of opioids can result in
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adverse events, such as decreased consciousness, delayed mobilization and constipation.
Currently, multimodal analgesia is recommended to optimize analgesia and minimize
opioid-related side effects [1,9,10].

Nefopam is a centrally acting, non-opioid, non-steroidal analgesic drug, and its ef-
ficacy in multimodal analgesia has been reported in some previous studies [11,12]. The
mechanism of nefopam is not fully understood; however, the inhibition of serotonin, nore-
pinephrine, and dopamine re-uptake is known to play a main role in its analgesic effect. It
also reduces the activity of post-synaptic glutamate receptors, such as N-methyl-D-aspartate
(NMDA) receptors, by modulating calcium and sodium channels [12–14]. Therefore, we
expected that nefopam could decrease postoperative opioids consumption and, based on
its mechanisms, contribute to reducing the incidence of CPTPS.

Although the analgesic efficacy of nefopam was reported in several surgeries, in-
cluding abdominal and orthopedic surgeries [15–18], it has not been assessed in patients
undergoing video-assisted thoracoscopic surgery (VATS). Therefore, this prospective study
aimed to evaluate the analgesic efficacy of intraoperative nefopam on acute and chronic
postoperative pain after VATS in lung cancer patients. The primary outcome was total
opioid consumption during the first 6 h postoperatively. The secondary outcomes were
pain intensities, the time to first request for rescue analgesia, adverse events during the 72 h
postoperatively, and the incidence of chronic pain evaluated 3 months after surgery. We hy-
pothesized that intraoperative nefopam would reduce postoperative opioid consumption
after VATS for lung cancer.

2. Materials and Methods

2.1. Study Design and Ethical Statements

This prospective, single-blinded, randomized controlled trial was approved by the
Institutional Review Board (IRB No: SMC 2020-12-167, approval date: 22 February 2021)
and registered with the Korean Clinical Research Information Service (registration No:
KCT0006246; principal investigator: Ji Won Choi; date of registration: 11 June 2021; http://
cris.nih.go.kr). Screening and enrollment for the study were conducted between March 2021
and September 2021 at a tertiary academic hospital in Seoul, South Korea. Written informed
consent was obtained from all participants. This study was performed in accordance with
the ethical principles of the 1964 Declaration of Helsinki and its later amendments. The
trial was conducted following an original protocol and CONSORT guideline [19].

2.2. Participants

Patients between 20 and 70 years of age with ASA physical statuses I to III who
were scheduled for elective VATS lung lobectomy were included. The exclusion criteria
were as follows: patient refusal to participate, allergy to nefopam, renal dysfunction
(serum creatinine > 1.5 mg/dL), hepatic dysfunction, history of seizure or epilepsy, recent
myocardial infarction, current use of monoamine oxidase inhibitor, urinary tract disease
causing urinary retention, and closed angle glaucoma.

2.3. Randomization and Blinding Method

Randomization was performed using a computer-generated random permuted block
design, with a block size of 4 and 1:1 ratio. Allocation was sequentially numbered and
sealed in opaque envelopes by the primary investigator. A study group member (HY)
opened the envelope before induction of anesthesia and prepared the study drug according
to the group allocation. The patients, outcome investigators, and surgeons were blinded to
group assignment.

2.4. Intervention, Anesthesia Protocol, and Perioperative Pain Management

After standard monitoring (non-invasive blood pressure, electrocardiogram, pulse
oximetry) and bispectral index monitoring (BIS; Medtronic, Minneapolis, NM, USA),
1.5–2 mg/kg of propofol, 0.8 mg/kg of rocuronium, and 0.05–0.20 μg/kg/min of remifen-
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tanil were administered for anesthesia induction. After intubation, anesthesia was main-
tained using sevoflurane within a BIS level of 40–60. Remifentanil was infused to maintain
blood pressure and heart rate within 20% of baseline.

In the nefopam group, 20 mg of nefopam mixed with 100 mL of normal saline was
administered intravenously during 15 min immediately after the induction of anesthesia
and 15 min before the end of surgery. In the control group, 100 mL of normal saline
was administered in the same manner. For postoperative pain control, 0.01 mg/kg of
hydromorphone and 1 g of acetaminophen were administered intravenously 20 min before
the end of surgery, and intravenous patient-controlled analgesia (IV-PCA; fentanyl 1000 μg
diluted with 0.9% saline to make 100 mL of total volume, bolus dose of 1 mL, lockout time
of 15 min, and basal infusion rate of 1 mL/h) was also applied for both groups. The tracheal
tube was removed after the patient had fully recovered from neuromuscular block and
was able to properly obey a command. After extubation, the patient was transferred to the
post-anesthesia care unit (PACU) and monitored for approximately 1 h. Pain intensity was
measured using a numeric rating scale (NRS; 0 = no pain, 10 = worst pain imaginable), and
rescue analgesics (IV hydromorphone 0.01 mg/kg) were allowed with an NRS score ≥ 5.
If a patient complained of pain with an NRS ≥ 5 more than 15 min after receiving rescue
medication, more hydromorphone (0.3 mg) was administered intravenously.

Postoperative care was performed in the intensive care unit (ICU) during the first
night after surgery, and most patients were then transferred to the general ward on the
next day. The patients were routinely given 8 mg of hydromorphone orally beginning
on the first postoperative day (POD 1). Intravenous hydromorphone (1 mg) or morphine
(5 mg) was administered when the NRS score was ≥5. When patients required rescue
analgesics more than 3 times per day, ibuprofen, acetaminophen, or tramadol was added
orally as routine analgesics. Postoperative nausea and vomiting were treated with 0.3 mg
of intravenous ramosetron hydrochloride (Naseron Inj., Boryung Co., Ltd., Seoul, Korea).

2.5. Outcome Measurements

The primary outcome was total morphine equivalent consumption during the first 6 h
postoperatively. We also evaluated total opioid consumption (the IV-PCA and all rescue
opioids) during the PACU stay and for the first 12, 24, and 72 h postoperatively. The dose of
IV-PCA opioid was recorded by the intravenous pump device (Accumate 1200, Woo Young
Medical, Jincheon-gun, Chungcheongbuk-do, South Korea). All opioid consumption was
converted to the intravenous morphine milligram equivalent dose for comparison. The
time to first request for rescue analgesics in the ICU or general ward after surgery was
also recorded.

Acute postoperative pain was assessed with the NRS score during the PACU stay
(the highest value of pain scores reported) and at 6, 12, 24, and 72 h postoperatively.
Chronic postoperative pain was evaluated with the Brief Pain Intensity-short form (BPI-SF)
questionnaire and the Neuropathic Pain Questionnaire-short form (NPQ-SF) via a phone
call visit 3 months after surgery [20,21].

Adverse events, such as nausea and vomiting, dizziness, respiratory depression, and
sedation (Richmond agitation sedation scale score of ≤−2 during the daytime), were also
evaluated during the first 72 h postoperatively. Aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) were monitored until POD 3.

2.6. Statistical Analysis

Based on a previous study, we hypothesized that cumulative opioid consumption
during the first 6 h postoperatively would be decreased by 20% in the nefopam group [15].
With a two-tailed significance level of 0.05 and a power of 80%, the number of study
subjects needed in each group to find statistical differences between the groups was 42.
Considering a dropout rate of 15%, 50 patients were included in each group. All patients
who were randomized and treated were included in the analysis based on the intention-to-
treat principle.

81



J. Clin. Med. 2022, 11, 4849

Categorical variables are presented as frequency (percentage), and continuous vari-
ables are presented as mean ± standard deviation or median [interquartile range] accord-
ing to their normality, which we evaluated with the Shapiro–Wilk test. The t-test or the
Wilcoxon rank sum test was used to compare continuous variables between two groups,
and the chi-square test or Fisher’s exact test was used to compare categorical variables.
For median differences, 95% confidence intervals (CI) were computed by the 2.5th and
97.5th percentiles of the bootstrap distribution with 1000 bootstrap replications. Bonferroni
correction was used for multiple testing. A two-sided, p-value < 0.05 was considered
statistically significant, and all statistical analysis were performed using Statistical Analysis
System (SAS) version 9.4 (SAS Institute, Cary, NC, USA).

3. Results

A flow diagram of the study is shown in Figure 1. Between March 2021 and September
2021, 118 patients scheduled for elective VATS for lung cancer were assessed for eligibility.
Among those 118 patients, 14 patients who refused to participate in the study and four
patients diagnosed with benign disease were excluded. Thus, 100 patients were randomly
allocated to the control (n = 50) or nefopam (n = 50) group. One patient allocated to
the nefopam group dropped out because of withdrawal of consent. The operations of
4 patients were converted to thoracotomy, and 11 patients underwent a wedge resection or
segmentectomy due to intraoperative changes in the surgical plan. Those 15 patients are
included in the analysis based on the intention-to-treat principle. Therefore, 99 patients
completed the 72 h follow-up. Of them, 75 patients (37 from the control group, 38 from the
nefopam group) completed the 3-month follow-up measures.

Figure 1. CONSORT flow diagram.

The baseline demographics and intraoperative data were comparable between the
groups, except that the infusion dose of intraoperative remifentanil was higher in the
nefopam group (0.450 [0.300–0.550] mg vs. 0.300 [0.250–0.450] mg; p = 0.013; Table 1).
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Table 1. The baseline characteristics and perioperative clinical data.

Control Group (n = 50) Nefopam Group (n = 49) p-Value

Age, year 59.5 [55.0, 63.0] 59.0 [53.0, 63.0] 0.606
Males/Females, n 17 (34)/33 (66) 21 (43)/28 (57) 0.484
Weight, kg 62.7 [55.0, 67.6] 64.5 [56.5, 69.9] 0.566
Height, cm 160.6 ± 7.8 162.8 ± 8.4 0.181
Body mass index, kg/m2 24.1 [21.9, 26.4] 24.1 [22.7, 24.9] 0.740
Smoking, n 16 (32) 21 (43) 0.573
Hypertension, n 10 (20) 10 (20) >0.999
Diabetes mellitus, n 5 (10) 6 (12) 0.972
ASA physical class (I/II/III), n 5/42/3 10/36/3 0.383
Type of surgical incision, n 0.362

VATS 49 (98) 46 (94)
Thoracotomy 1 (2) 3 (6)

Type of surgery, n 0.189
Lobectomy 47 (94) 41 (84)
Wedge resection or

Segmentectomy 3 (6) 8 (16)

Operator (1/2/3/4/5/6/7), n 7/9/5/17/0/1/11 11/11/4/12/2/4/5 0.257
Duration of anesthesia, min 157.5 [135.0, 197.0] 166.0 [143.0, 193.0] 0.669
Duration of operation, min 104.5 [84.0, 145.0] 109.0 [88.0, 148.0] 0.583
Amount of intraoperative
remifentanil administration, μg 300.0 [250.0, 450.0] 450.0 [300.0, 550.0] 0.013 1

Values are n (%), mean ± standard deviation or median [interquartile range].1 p-value < 0.05; ASA: American
Society of Anesthesiologists, VATS: video-assisted thoracoscopic surgery.

Total opioid consumption during the first 6 h postoperatively did not differ between
the nefopam and control groups (19.8 [13.5–25.3] mg vs. 20.3 [13.9–27.0] mg; median
difference: −1.55 mg, 95% CI: −6.64 to 3.69; p = 0.356). Opioid consumption during
the PACU stay and at 12, 24, and 72 h postoperatively was also comparable between
the two groups. These data are shown in detail in Table 2. The time between the end
of surgery and the first request for rescue analgesia in the ICU or general ward was
likewise comparable between the nefopam and control groups (212.5 [104.0–371.0] min vs.
259.5 [142.0–432.0] min; median difference: −47.0 min, 95% CI: −169.00 to 73.95; p = 0.302;
Table 2). The NRS pain scores at rest during the first 72 h postoperatively did not differ
significantly between the groups at any time (Table 3). Likewise, the incidence of adverse
events did not differ significantly between the groups. Changes in AST and ALT between
the preoperative value and POD 1 or POD 3 did not differ significantly between the groups.
The duration of ICU stay and hospitalization did not differ between the groups either
(Table 3).

Table 2. Postoperative analgesic outcomes between the groups.

Control Group (n = 50) Nefopam Group (n = 49)
Median Difference
95% CI

p-Value

Total opioid consumption (mg)

6 h postoperatively 1 20.3 [13.9, 27.0] 19.8 [13.5, 25.3] −1.55 [−6.64, 3.69] 0.356
During PACU stay 8.9 [6.9, 10.1] 7.4 [6.1, 9.4] −1.45 [−2.76, 0.07] 0.196 2

12 h postoperatively 3 31.6 [26.3, 39.7] 31.5 [22.7, 41.0] −0.04 [−7.93, 8.10] >0.999 2

24 h postoperatively 58.5 [48.8, 78.7] 63.0 [48.8, 83.5] 4.45 [−8.96, 16.29] >0.999 2

72 h postoperatively 120.0 [85.0, 166.4] 130.6 [109.0, 178.0] 10.57 [−9.53, 33.50] 0.618 2

Time to first rescue analgesia (min) 259.5 [142.0, 432.0] 212.5 [104.0, 371.0] −47.00 [−169.00, 73.95] 0.302

Values are presented as morphine milligram equivalent doses and median [interquartile range]. For median
difference, 95% CI are computed by the 2.5th and 97.5th percentiles of the bootstrap distribution by 1000 bootstrap
replications.; 1 Primary outcome: amount of morphine equivalent consumption includes both IV-PCA and all
rescue opioids.; 2 Bonferroni’s method was used for multiple comparisons at four time points; during PACU stay,
12, 24 and 72 h postoperatively.; 3 For the postoperative 12 h readings, n = 98 due to 1 follow up loss of PCA data;
n = 49 for both groups; CI, confidence interval; PACU, post-anesthesia care unit.
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Table 3. NRS pain scores at each time point and postoperative clinical outcomes between the groups.

Control Group (n = 50) Nefopam Group (n = 49)
Median/Risk
Difference 95% CI

p-Value

NRS pain score during 72 h postoperatively
PACU stay 1 6.0 [5.0, 7.0] 5.0 [3.0, 6.0] −1.0 [−2.0, 0.0] 0.355 2

6 h postoperatively 3.0 [3.0, 4.0] 3.0 [3.0, 4.0] 0.0 [−1.0, 1.0] >0.999 2

12 h postoperatively 3.0 [3.0, 5.0] 3.0 [3.0, 4.0] 0.0 [−1.0, 0.0] >0.999 2

24 h postoperatively 3.0 [2.0, 5.0] 3.0 [2.0, 4.0] 0.0 [−1.0, 1.0] >0.999 2

72 h postoperatively 2.0 [2.0, 3.0] 2.5 [1.0, 3.0] 0.5 [0.0, 1.0] >0.999 2

Incidence of adverse events
PONV 33 (66) 34 (69) 3.4 [−15.0, 21.8] 0.884
Dizziness 24 (48) 19 (39) −9.2 [−28.7, 10.2] 0.470
Desaturation 8 (16) 8 (16) 0.3 [−14.2, 14.8] >0.999
Sedation 1 (2) 2 (4) 2.1 [−4.7, 8.9] 0.617

Changes in AST and ALT at POD1 and POD3 2,3

AST POD1 3.0 [0.0, 6.0] 5.0 [0.0,11.0] 2.0 [−1.0, 7.0] 0.144
POD3 0.0 [−3.0, 5.0] 0.5 [−4.5, 4.0] 0.5 [−3.0, 3.0] >0.999

ALT POD1 −1.0 [−7.0, 1.0] −1.0 [−5.0, 4.0] 0.0 [−3.0, 4.0] 0.864
POD3 −2.0 [−7.0, 0.0] −2.0 [−8.0, 3.5] 0.0 [−4.0, 3.0] >0.999

Duration of ICU stay (min) 1140.0 [1020.0, 1280.0] 1177.0 [1050.0, 1339.0] 37.0 [−35.5, 50.0] 0.283
Duration of hospitalization (day) 6.0 [5.0, 7.0] 6.0 [5.0, 7.0] 0.0 [−1.0, 1.0] 0.904

Values are n (%) or median [interquartile range]. For median difference, 95% CI are computed by the 2.5th and
97.5th percentiles of the bootstrap distribution by 1000 bootstrap replications.; 1 Highest NRS score during PACU
stay; 2 Bonferroni’s method was used for multiple comparisons.; 3 Changes in AST and ALT were calculated by
subtracting the preoperative value from POD1 or POD3 value. CI, confidence interval; NRS, numeric rating scale;
PACU, post-anesthesia care unit; PONV, postoperative nausea and vomiting; AST, aspartate aminotransferase;
ALT, alanine aminotransferase.; ICU, intensive care unit.

Thirty-seven patients from the control group and thirty-eight patients from the ne-
fopam group responded to a phone call visit 3 months postoperatively. The incidence of
chronic pain at 3 postoperative months was 55 and 65% in the nefopam and control groups,
respectively (p = 0.540). Among the 45 patients who answered that they had persistent pain,
the pain scores differed insignificantly between the groups (Table 4). The interference of
pain with daily function also differed insignificantly between the groups (online Supporting
Information, Table S1).

Table 4. The short form of brief pain inventory on 3 months after surgery.

Control Group (n = 37) Nefopam Group (n = 38)
Median Difference
95% CI

p-Value

Presence of pain 24 (65) 21 (55) 0.540
Pain intensity 1

Worst pain 3.00 [2.00, 4.00] 2.00 [1.00, 3.00] −1.0 [−2.0, 1.0] 0.150
Least pain 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.0 [0.0, 0.0] 0.189
Average Pain 1.00 [0.75, 2.00] 1.00 [0.00, 2.00] 0.0 [−2.0, 1.0] 0.299
Current Pain 0.00 [0.00, 1.25] 0.00 [0.00, 0.00] 0.0 [−1.0, 0.0] 0.272

Pain interference with daily
activities 2 0.00 [0.00, 0.00] 0.00 [0.00, 0.00] 0.0 [0.0, 0.0] NS

Values are n (%) or median [interquartile range]. For median difference, 95% CI are computed by the 2.5th and
97.5th percentiles of the bootstrap distribution by 1000 bootstrap replications.; Each item (except for presence of
pain) is rated on a numeric rating scale from 0 (no pain) to 10 (worst) or from 0 (no interference) to 10 (interferes
completely). 1 Pain intensity scores and interference items were analyzed only among the patients that they have
current pain (control group, n = 24; nefopam group, n = 21). 2 The median (IQR) value of all interference items was
the same as above, and details are attached as supplementary data.; CI, confidence interval; NS: not significant.

In their answers to the NPQ-SF questionnaire, 43 patients (57%) indicated that they
had at least one neuropathic pain component, and the incidence of neuropathic pain did
not differ significantly between the groups (18/38 [47%] vs. 25/37 [68%], p = 0.103). The
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severity of pain and numbness was also comparable between the groups (online Supporting
Information, Table S2).

4. Discussion

In this study, intraoperative nefopam administration did not decrease total opioid
consumption or postoperative pain intensity during the first 72 h after VATS for lung cancer.
It also did not reduce the incidence of chronic post-surgical pain 3 months after surgery.

Several studies have shown promising results for the multimodal opioid-sparing anal-
gesia of nefopam on acute postoperative pain [15–18,22,23]. In those studies, the nefopam
groups required fewer opioids via IV-PCA or rescue analgesics or showed reductions
in pain scores compared with the control groups during the postoperative period. As
potential causes of its analgesic effects, those authors suggested triple neurotransmitter
inhibition, NMDA receptor antagonism, and the modulation of presynaptic glutaminergic
transmission [11–14].

However, conflicting results have also been reported, especially in surgeries antici-
pated to cause moderate to severe pain [24–27]. Cuvillon et al. reported that continuous
intravenous infusion of nefopam (120 mg) during the first 48 h after open colectomy did
not reduce perioperative opioid consumption and produced no differences in patient sat-
isfaction or adverse events compared with the control group [24]. Eiamcharoenwit et al.
administered 30 mg of nefopam before incision, at the end of spine surgery, or at both times
and compared the outcomes with placebo. They also found no significant difference in
postoperative morphine consumption among the four groups [26]. Other studies have also
shown that nefopam had no or limited efficacy on postoperative pain management when it
was used as a part of multimodal analgesia [28,29].

Our results are consistent with those studies reporting that the opioid-sparing effect
of nefopam is unclear. Many of the studies that demonstrated the analgesic efficacy of ne-
fopam involved surgeries with mild to moderate postoperative pain, such as laparoscopic
cholecystectomy, mastectomy, thyroidectomy, and middle ear surgery [22,30–32]. 20 mg of
intravenous nefopam is comparable to 6–12 mg of intravenous morphine [33], and the me-
dian effective dose (ED50) of nefopam for moderate surgical pain was 21.7–28 mg [34–36].
We administered 20 mg of nefopam twice during surgery. Although that dose was higher
than the ED50 found in previous studies, it might still have been insufficient because the
ED50 value was not determined based on thoracic surgery. Although post-surgical pain
after VATS is less than that after thoracotomy, it is still severe during the acute postoperative
period, and the incidence of CPTPS does not differ from that following thoracotomy [3].

Furthermore, no adequate dose, infusion rate, or duration of nefopam administration
has yet been established for postoperative pain control. In previous studies, nefopam was
administered in three major ways [11,12]. The first is administration before surgical incision
and at the end of surgery, as in our study. The second is continuous infusion for 24–48 h
beginning at the end of surgery, and the third is continuous infusion during surgery after
an initial administration. The dose of nefopam used in previous studies varied from 20 to
120 mg per day, depending on the type of surgery, operation time, and administration
method. However, in those studies, the analgesic effects were different, not uniform.

To prevent the development of CPTPS involving a neuropathic pain component, peri-
operative pain control is very important [1,3–5]. The action of nefopam on the glutaminergic
pathway was proven in in vitro studies, and its antiallodynic and antinociceptive effect on
neuropathic pain was also demonstrated in in vivo animal studies [37]. Ok et al. reported
that additive nefopam in IV-PCA reduced neuropathic pain after percutaneous endoscopic
lumbar discectomy [18]. In this study, however, nefopam did not reduce the incidence
of acute, chronic or neuropathic pain after VATS for lung cancer. This result could reflect
an inadequate dose of nefopam. One study in laparoscopic colectomy also reported that
20 mg of nefopam did not reduce acute or chronic postoperative pain [38]. Those authors
suggested that a low dose of nefopam caused negative preemptive analgesic results, which
might not be enough to prevent nociceptive transmission and central sensitization for mod-
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erate to severe pain [38]. On the other hand, a study in breast surgery reported that 20 mg
of nefopam administered before surgical incision reduced the use of rescue analgesics and
lowered the incidence of chronic postoperative pain [30].

In this study, five patients who complained of moderate to severe pain (NRS score ≥ 5)
3 months after surgery were all in the control group. Although there was no statistically
significant difference between the groups, that result could suggest that nefopam has a
potential role in attenuating severe pain in CPTPS. Further studies will be needed to clarify
the effect of nefopam on chronic postoperative pain.

A characteristic finding of this study is that the dose of remifentanil infused during
surgery was significantly higher in the nefopam group. We attribute that finding to the
tachycardia effect of nefopam [11]. However, a study reported that nefopam had analgesic
efficacy after laparoscopic gastrectomy and that intraoperative remifentanil consumption
was lower in the nefopam group than in the control group [15]. The mean infusion rate of
the control group in that study was 0.13 ± 0.06 μg/kg/min. As an explanation for their
finding, those authors suggested that nefopam might be an NMDA receptor antagonist
and thereby prevent remifentanil-induced hyperalgesia. In our study, on the other hand,
the mean infusion rate in the nefopam and control groups was 0.07 ± 0.03 μg/kg/min and
0.05 ± 0.02 μg/kg/min, respectively. Only one patient in the nefopam group was given a
dose of remifentanil greater than 0.1 μg/kg/min, which could induce remifentanil-induced
hyperalgesia [39]. Therefore, it is unlikely that the difference in remifentanil infusion
between the groups affected postoperative opioid consumption.

This study has several limitations. First, the patients in this study were not completely
blinded. Although they did not know which group they were in during the acute postoper-
ative period, they could have known their group if they read their medical records later.
Second, we only evaluated postoperative pain intensities at rest. Assessing pain scores
during coughing or movement would have been more appropriate. Third, we could not
evaluate the incidence of tachycardia and sweating during the perioperative period, and
they are known to be frequent adverse effects of nefopam. However, it was difficult to
evaluate the occurrence of tachycardia during surgery because many factors can induce
tachycardia during VATS. Fourth, the chronic pain evaluation was conducted by telephone,
rather than in face-to-face interviews. Finally, the sample size of this study was not deter-
mined by the incidence of CPTPS. Furthermore, only 37 patients in the control group and
38 patients in the nefopam group were evaluated chronic pain at postoperative 3 months
due to the follow-up loss. This sample size was rather small to demonstrate the incidence
of chronic pain or compare it between the two groups.

5. Conclusions

In conclusion, intraoperative nefopam administration did not decrease total opioid
consumption or postoperative pain intensity during the first 72 h after VATS for lung cancer.
It also did not reduce the incidence of chronic post-surgical pain 3 months after surgery,
compared with the control group. Further studies are required to elucidate the potential
role of nefopam in multimodal analgesia for patients undergoing VATS.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11164849/s1, Table S1: The details of Brief pain inventory-
short form on 3 months after surgery; Table S2: The short form of neuropathic pain questionnaire on
3 months after surgery.
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Abstract: Introduction: The thoracic Erector Spinae Plane Block (ESPB) is an ultrasound-guided
block that has gained popularity and is widely used in acute pain setups. However, data regarding
its role in chronic and cancer-related pain are anecdotal. Material and Methods: The study is a
retrospective analysis of patients who underwent ESPB. The cohort was divided into subgroups
based on three determinants: etiology, pain type, and chronicity. Results: One hundred and ten
patients were included, and genders were affected equally. The average age was 61.2 ± 16.1 years.
The whole group had a statistically significant reduction in a numerical rating scale (NRS) (7.4 ± 1.4
vs. 5.0 ± 2.6, p-value > 0.001). NRS reduction for 45 patients (41%) exceeded 50% of the pre-procedural
NRS. The mean follow-up was 7.9 ± 4.6 weeks. Baseline and post-procedure NRS were comparable
between all subgroups. The post-procedural NRS was significantly lower than the pre-procedural
score within each group. The proportion of patients with over 50% improvement in NRS was lower
for those with symptom duration above 12 months (p-value = 0.02). Conclusions: Thoracic ESPB
is a simple and safe technique. The results support the possible role of ESPB for chronic as well as
cancer-related pain.

Keywords: chronic pain; cancer-related pain; ESP block; pain management; ultrasound-guided

1. Introduction

Chronic pain is a common, complex, and distressing condition that impacts many
aspects of patients’ health and quality of life. Therefore, it can place a significant burden on
patients and on the broader healthcare system. The Global Burden of Disease Study of 2016
reaffirmed that the high prominence of pain and pain-related diseases is the leading cause
of disability and disease burden globally [1,2].

The Erector Spinae Plane Block (ESPB) belongs to a growing number of ultrasound-
guided blocks that aim to deliver an analgesic solution to the soft tissue, or the interfascial
plane, as opposed to the classic method of a direct nerve block. Shortly after its first descrip-
tion, the ESPB was adopted in clinical practice for multiple types of thoracic, abdominal,
and extremity surgeries [3]. It is regarded as an effective, safe, and simple method for acute
pain management [4]; however, despite its popularity, both the mechanism of the block and
the extent of injectate spread are unclear [5].

Thoracic origin chronic pain represents a particular challenge as the interventional
aspect requires its own special consideration. As with all neuraxial techniques, thoracic
neuraxial procedures have contraindications and limitations (for example, coagulopathies,
thoracic spine deformations, patient refusal) and other possible complications with consid-
erable potential morbidity, including pneumothorax and neurovascular damage.
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Although the first description of the block was for chronic neuropathic pain, most
publications are concerned with acute pain management. The current literature addressing
its use for chronic and cancer-related pain is scarce and mostly anecdotal in nature [6–10].

In this paper, we described the outcomes of the ESPB applied to patients at our pain
institute, a regional referral center within a tertiary, university-affiliated medical center. We
compared outcomes between different groups of patients based on the origin of the pain,
type of pain, and symptom duration.

2. Materials and Methods

2.1. Study Design

A retrospective analysis.

2.2. Setting and Study Population

The study was conducted at the Pain Institute Center of the Tel Aviv Souraski Med-
ical Center and was approved by the hospital’s ethics committee (No. 0003-20-TLV). A
retrospective review was carried out on the medical records of all patients who underwent
thoracic ESPB between October 2018 and August 2021.

All participants provided written informed consent prior to undergoing the procedure,
similar to other invasive procedures in our center. Inclusion criteria included: age of
18 years or above, diagnosis of thoracic back pain, a numerical rating scale (NRS) for
pain ≥ 6, no significant motor weakness, no signs or symptoms of myelopathy, failure
of other conservative treatment (i.e., physical therapy and oral analgesics), and at least a
one-month post-procedure follow up.

Exclusion criteria: Allergy or hypersensitivity to steroid or amide local anesthetics,
pregnancy, and breastfeeding.

2.3. Thoracic ESP Block Technique

The procedure was carried out under ultrasound guidance. The patient was placed in
a prone position, and the ultrasound probe was set 2.5–3 cm laterally to the spinous process
at the desired thoracic vertebral level on a parasagittal plane. Normally, a high-frequency
linear probe was used. In the case of obese patients, a curvilinear (2–5 MHz) probe was
used. Under ultrasound guidance, a 22 G needle measuring 50 or 100 mm was then inserted
in a craniocaudal direction using the in-plane technique. The injection takes place at the
fascial plane, deeper into the erector spinae muscle group. The solution injected was 10 mL
of 1% lidocaine with dexamethasone 10 mg for a unilateral injection and 15–20 mL of 1%
lidocaine with dexamethasone 10 mg for a bilateral injection.

2.4. Data Collection

Pre-procedural baseline demographic, clinical, and imaging data were collected. De-
mographic and procedural variables included: age, gender, pre-procedural NRS, and
duration of symptoms at the first visit. Procedural variables included the side and level
of the injection. Post-procedural variables included post-procedural NRS scores and the
total number of ESPBs performed. Adverse effects were also monitored and documented.
The data were collected and recorded by the pain physician in charge of the patient at the
pain institute.

Thoracic pain was defined as pain experienced in the thoracic area, between the T1
and T12 boundaries, and across the posterior aspect of the trunk [11].

The main outcome measured was the change in pain intensity which was assessed
using an 11-point numerical rating scale (NRS), with a range from 0 (no pain) to 10 (worst
possible pain). In order to evaluate clinical significance, we used a minimal clinically
important change (MCID) of 2.5 [12] for NRS, and we looked at a patient with more than
50% reduction in baseline NRS.

We divided the patients into different groups based on etiology, dominant pain type,
and pain chronicity. For etiology, we divided the patients into two groups: one with
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patients suffering from cancer-related pain and the other with patients suffering from
non-cancer-related pain. Cancer-related pain was defined as pain originating directly from
a thoracic neoplastic lesion.

Regarding the dominant pain type, we divided the patients again into three groups
according to the pain type: nociceptive, neuropathic, and mixed pain. The neuropathic
pain type was defined using strict criteria, following the current International Association
for the Study of Pain (IASP) definition of “definite neuropathic pain” [13]. In cases where
a discrete pathophysiological classification of pain was not either purely neuropathic or
purely nociceptive, a “mixed type” diagnosis was given [14].

In order to analyze the effect of chronicity, the cohort was divided into three groups
according to the duration of symptoms: up to four months, four to twelve months, and
more than twelve months.

The patient clinical assessments were conducted before the procedure and at the post-
procedure follow-up appointments. The pre- and post-procedural NRS were compared in
the entire group and within each of the sub-groups.

At the post-procedure follow-up, patients with motor neurological deficits were re-
ferred for further surgical evaluation. Patients with significant pain (NRS > 6) were offered
a second thoracic ESPB. A maximum of three procedures were allowed for each patient.
Patients with no significant pain (NRS < 4) at the follow-up visit, were either discharged or
offered an additional second follow-up.

2.5. Statistical Analysis

The statistical analysis was performed using SPSS version 19 (IBM Corp., Armonk,
NY, USA). Significant differences between the groups were determined using one sample
t-test, the X2 test, and the Fisher exact test to evaluate categorical variables’ independence.
ANOVA and independent t-test were used to compare NRS values between the symptom
duration groups. Pre-procedure to post-Procedure NRS changes within each group were
analyzed with paired t-tests. A p-value < 0.05 was considered statistically significant.

3. Results

3.1. Participant Characteristics

One hundred and ten patients underwent the procedure, and both genders were af-
fected equally. The average age was 61.2 ± 16.1. Sixty-one (55%) patients underwent unilat-
eral injections, and 49 (45%) underwent bilateral injections (Table 1). Seventy-two patients
(65%) were discharged from the pain clinic after one injection, and 35 (32%) patients were
discharged after two injections. The most common level of injection was T3 (26 patients)
(Table 2).

Table 1. Demographic and preprocedural variables.

(A) Etiology

Non-Cancer Related Cancer Related p-Value Total

Total 66 44 110
Male 26 (39%) 17 (39%) 0.92 43 (39%)
Age 61.8 ± 16.9 60.4 ± 14.8 0.26 61.2 ± 16.1
Bilateral injection 29 (44%) 20 (45%) 0.91 49 (45%)
Num of injections

1 46 (70%) 26 (59%) 72 (65%)
2 18 (27%) 17 (39%) 35 (32%)
3 2 (3%) 1 (2%) 0.48 3 (3%)

Follow-up (weeks) 8.1 ± 2.8 7.6 ± 2.2 0.5 7.9 ± 4.6

(B) Dominant Pain Type

Nociceptive Neuropathic Mixed p-Value
Total 55 45 10
Male 18 (33%) 22 (49%) 3 (30%) 0.223
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Table 1. Cont.

(B) Dominant Pain Type

Nociceptive Neuropathic Mixed p-Value

Age 62.4 ± 15.1 59.8 ± 18.3 61.1 ± 9.7 0.710
Bilateral injection 32 (58%) 17 (38%) 0 (0%) 0.003
Num of injections

1 37 (67%) 26 (58%) 9 (90%)
2 17 (31%) 17 (38%) 1 (10%)
3 1 (2%) 2 (4%) 0 (0%) 0.348

Follow-up (weeks) 8.0 ± 4.5 8.1 ± 5.1 6.3 ± 2.6 0.570

(C) Duration of Pain

≤4 Months 4–12 Months ≥12 Months p-Value
Total 20 22 68
Male 6 (30%) 12 (55%) 25 (37%) 0.238
Age 68.1 ± 15.5 64.0 ± 12.9 58.3 ± 16.5 0.1
Bilateral injection 5 (25%) 5 (23%) 39 (57%) 0.001
Num of injections

1 16 (80%) 14 (64%) 42 (62%)
2 4 (20%) 8 (36%) 23 (34%)
3 0 (0%) 0 (0%) 3 (4%) 0.568

Follow-up (weeks) 6.5 ± 3.7 7.9 ± 5.5 8.3 ± 4.5 0.37

Table 2. Level of injection.

Level Number of Injections

Total 110
T2 5 (5%)
T3 26 (24%)
T4 8 (7%)
T5 10 (9%)
T6 13 (12%)
T7 15 (14%)
T8 7 (6%)
T9 5 (5%)

T10 12 (11%)
T11 3 (3%)
T12 6 (5%)

3.2. Demographic and Preprocedural Variables

When observing the etiology groups, no significant difference was found between
patients with cancer-related pain and patients with non-cancer pain (Table 1). As for the
pain type groups, we found significant differences in the side of injection (Table 1). In the
mixed pain group, no patients received bilateral injections (p-value = 0.003). Analysis of
pain duration groups showed a significant difference in the distribution of the injection site
(p-value < 0.001) (Table 1).

3.3. Average Pain Intensity

A statistically significant reduction in NRS was found when the mean pre- and post-
procedural NRS were compared across the entire cohort (p-value > 0.001). In fifty-eight
(53%) patients, the NRS improvement exceeded the MCID, and in 45 (41%), it exceeded
50% of the pre-procedural NRS (Table 3).
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Table 3. Average pain intensity.

(A) Etiology

Non-Cancer
Related

Cancer Related Total p-Value

Pre NRS 7.7 ± 1.4 7.1 ± 1.3 7.4 ± 1.4 0.88
Post NRS 5.1 ± 2.8 5.0 ± 2.3 5.0 ± 2.6 0.077
p-values (pre vs. post
procedure)

>0.001 >0.001 >0.001

NRS improved >2.5 37 (56%) 21 (48%) 58 (53%) 0.44
NRS improved >50% 32 (48%) 13 (30%) 45 (41%) 0.051

(B) Dominant Pain Type

Nociceptive Neuropathic Mixed Total p-Value
Pre NRS 7.6 ± 1.3 7.4 ± 1.4 6.9 ± 1.6 7.4 ± 1.4 0.71
Post NRS 5.0 ± 2.3 5.0 ± 2.5 5.7 ± 4.5 5.0 ± 2.6 0.19
p-values (pre vs. post
procedure)

>0.001 >0.001 0.334 >0.001

NRS improved >2.5 32 (58%) 22 (49%) 4 (40%) 58 (53%) 0.45
NRS improved >50% 24 (44%) 17 (38%) 4 (40%) 45 (41%) 0.92

(C) Duration of Pain

≤4 Months 4–12 Months ≥12 Months Total p-Value
Pre NRS 7.1 ± 1.7 7.1 ± 1.1 7.6 ± 1.4 7.4 ± 1.4 0.164
Post NRS 4.7 ± 3.7 4.4 ± 2.4 5.5 ± 2.3 5.0 ± 2.6 0.276
p-values (pre vs. post
procedure)

0.01 >0.001 >0.001 >0.001

NRS improved >2.5 12 (60%) 15 (68%) 31 (46%) 58 (53%) 0.14
NRS improved >50% 12 (60%) 12 (55%) 21 (31%) 45 (41%) 0.02

The etiology group comparison showed comparable pre-procedural NRS. The post-
procedural NRS was significantly lower than the pre-procedural score within each etio-
logical group. The proportion of patients who achieved improvement higher than MCID
as well as above 50% of the baseline NRS was higher in the non-cancer related group, yet,
without statistical significance (p-value = 0.51) (Table 3).

Comparing the pain type groups showed comparable pre- and post-NRS scores.
However, in the mixed pain group, the improvement in NRS did not reach statistical
significance (p-value = 0.334) (Table 3).

In the pain chronicity groups, the pre- and post-NRS were comparable between the
groups, and the improvement in these scores was found to be statistically significant
within each group. The proportion of patients with more than 50% improvement in NRS
was significantly lower in patients with symptoms duration of more than 12 months
(p-value = 0.02) (Table 3).

There were no major adverse effects reported. The main adverse effect was injection
site soreness. Other adverse effects reported were systemic response attributed to steroid
exposure, none requiring hospitalization.

4. Discussion

Thoracic spine pain is prevalent, affecting about 20% of people in their lifetime. How-
ever, research related to thoracic pain is sparse compared to lumbar and cervical spine
pain [11].

Thoracic ESPB has gained popularity since its introduction and is being widely used
in acute pain setups; however, data regarding its role in chronic pain are mostly anecdotal.

In this work, our purpose was to evaluate the role of ESPB in the management of
chronic and cancer-related thoracic pain. We compared the outcomes based on three
fundamental determinants: etiology, the dominant pain quality, and the chronicity of pain.
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Our results are consistent with those of previously published reports describing the
possible benefits of ESPB [6–10]. The mean reduction in NRS in our study was 2.4 points
(p-value > 0.001), with 53% reporting NRS improved by more than 2.5 points, and 41% with
NRS score improved by more than 50% compared to pre-procedure score. In our study, a
successful, clinically meaningful procedure was defined as either a reduction in the NRS
score by 2.5 or more points [15] or as a reduction of 50% compared to baseline NRS. This
strict threshold, which was also selected by other trials [16,17], was chosen over the more
common 30% improvement in NRS score to exclude the potential placebo effect.

Cancer patients frequently suffer from a wide range of other symptoms, and the
multi-factorial causes result in a “total pain experience” [18]. As such, an etiology-based
sub-group analysis was carried out, comparing patients with cancer-related pain to patients
suffering from pain caused by other conditions. The first sub-group included all patients
with an active neoplastic disease that causes intractable pain that is refractory to a medical
regimen treatment. The proportion of patients who achieved improvement exceeding the
50% of the baseline NRS was higher in the non-oncological patients, showing a strong
tendency toward statistical significance (p-value = 0.51).

Of the 66 cases of non-cancer-related pain, 33 were nociceptive (50%), 28 were neuro-
pathic (42.4%), and 5 (7.6%) were mixed pain types. The nociceptive group included pain
resulting from vertebral or rib fractures, deformations including kyphosis and scoliosis, soft
tissue myofascial pain [19], degenerative changes in the disc and the facet joints, and bones
lesions including hemangiomas. Within the 33 cases of the nociceptive group, 11 cases
were due to degenerative spinal changes, 7 were myofascial pain, 6 cases were due to
pain secondary to osteoporotic thoracic vertebrae fracture, 4 cases were due to consistent
pain after the fracturing of ribs, 3 cases were due to pain secondary to traumatic thoracic
vertebra fracture, and 2 cases were due to post-operative pain for correction of scoliosis.

These results suggest that although the ESPB analgesic effect may differ slightly,
overall, this effect is comparable between patients with pain originating from oncological
and non-oncological sources and that ESPB can have a potential role in treating pain with
these conditions.

A second subgroup analysis, based on the dominant pain type, did not reveal signifi-
cant differences in either the pre- or post-pain NRS score nor in the portion of patients who
reported more than 50% improvement.

When the pre- and post-NRS scores were compared within the mixed pain [14] group,
the improvement did not reach statistical significance (p-value = 0.334). However, due to
the small number of patients in this subgroup, this finding should be interpreted carefully,
and conclusions should not be drawn.

An analysis of the chronicity of the pain experience duration was also carried out.
More than 60% of the study population experienced pain for more than a year prior to
the execution of the ESPB. Given that our clinic serves as a tertiary center, often with
long waiting times, such a proportion is expected. Although all three subgroups reported
statistically significant NRS reduction, the largest proportion of patients with pain reduc-
tion of more than 50% was found in the patients with symptom durations of less than
four months. These results support previous findings regarding the importance of early
treatment and support the recommendation of early referral to a pain specialist for early
intervention [20,21].

4.1. Procedure-Related Aspects

As mentioned above, much is yet unknown about thoracic ESPB. Not only regarding
its indications and efficacy but also various technical aspects. As the procedure is a single
shot, not a continuous infusion, the dosage delivered should not exceed the recommended
daily dosage. We use 10 mL of 1% lidocaine with dexamethasone 10 mg for a unilateral
injection and 15–20 mL of 1% lidocaine with dexamethasone 10 mg for a bilateral procedure.
Corticosteroid has an established role in the management of both neuropathic and cancer
pain [22–24]. The choice of Dexamethasone is for two sets of reasons. As a corticosteroid, it
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has high potency, a long duration of action, and minimal mineralocorticoid effect. Moreover,
the solution is non-particulate; hence, it confers a lower risk of vascular damage in the
thoracic area and is the recommended corticosteroid for thoracic injection [25].

4.2. Safety Aspects

Most chronic pain patients are treated at an ambulatory outpatient clinic. This should
be considered when evaluating the approach and safety aspects of such a procedure.

In the immediate vicinity of the needle performing the block, there are no neuro-
vascular structures at risk. To date, there have been minimal procedure-related complica-
tions reported with this block compared to the traditional thoracic neuraxial blocks [8,26,27].
Our data support this notion, as no major adverse effects were recorded. A total of
145 procedures were carried out, of which 45% were in a bilateral manner. The only ad-
verse effects reported were a systemic response to steroids consisting of a mild and expected
transient increased level of blood glucose level and increased blood pressure, none of which
required further investigation or hospital admission.

The classification of the American Society of Regional Anesthesia (ASRA) for pain
procedures considers musculoskeletal injections and thoracic facet medial branch block
as procedures with a low risk for bleeding [28,29]. Recent reports also suggest a low risk
of bleeding from the ESPB [30]. However, some patients are at higher risk due to various
co-morbidities, and hence, we perform a personal stratification of risk for bleeding for
each patient before recommending the procedure. Three patients underwent the procedure
while treated with Enoxaparin at therapeutic dosage. Those patients were instructed to
stay on bed rest for an hour following the procedure and were later discharged without
adverse effects.

4.3. Post-Procedure Aspects

All patients undergoing lower thoracic ESPB are tested for motor function following
the procedure to screen for any unintended motor weakness. However, we do not carry
out sensory tests to evaluate the dermatomal coverage.

We do not perform additional procedures before evaluating the response of the first
procedure. A follow-up is routinely scheduled 6–8 weeks after the procedure. A patient
that reports a substantial improvement is discharged with a set of recommendations for
future maintenance by their primary care physician.

4.4. Limitations

This study is a single-center trial and is limited by its retrospective nature. Part of
the challenge associated with retrospective analyses is the possibility that pharmaceutical
changes or other manual manipulations unbeknown to the team might affect the outcomes.
However, in our pain institute, we avoid the use of pharmaceutical changes following
ESP in order to allow for precise estimation of the analgesic effect of the procedure for
future reference in cases of additional pain management advice. Even though a substantial
percentage presented an NRS improvement exceeding 50%, our results should be inter-
preted carefully due to the sample size of the study. Another limitation that future studies
should address is the long follow-up time, as the positive effect of the block may wane over
time. Furthermore, a distinction of possible spinal anatomical structures and mechanisms
(i.e., facet joint degeneration, discogenic changes, etc.) is missing and should be explored
on a larger scale study.

In summary, thoracic pain is common and could lead to substantial disability and other
negative impacts on the patient’s life and society. It was argued that thoracic pain should be
considered a discrete and important clinical entity, independent of pain experienced in other
areas of the spine [31]. This study was conducted with the aim of better understanding and
providing pain management for thoracic pain.
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5. Conclusions

Thoracic ESPB is a simple and safe technique. The results support the possible role of
ESPB for chronic as well as cancer-related pain.

Due to the simplicity of the ESPB, it could potentially be applied in multiple disciplines
and setups, such as the emergency department and at an ambulatory practice.

In the future, prospective trials should be carried out to expand our knowledge and
determine the proper and safe application of this type of block.
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Abstract: Less-invasive thoracotomies may reduce early postoperative pain. The aims of this study
were to identify pain trajectories from postoperative days 0–5 after posterolateral and axillary tho-
racotomies and to identify potential factors related to the worst trajectory. Patients undergoing a
posterolateral (92 patients) or axillary (89 patients) thoracotomy between July 2014 and November
2015 were analyzed in this prospective monocentric cohort study. The best-fitting model resulted in
four pain trajectory groups: trajectory 1, the “worst”, with 29.8% of the patients with permanent sig-
nificant pain; trajectory 2 with patients with low pain (32.6%); trajectory 3 with patients with a steep
decrease in pain (22.7%); and trajectory 4 with patients with a steep increase (14.9%). According to a
multinomial logistic model multivariable analysis, some predictive factors allow for differentiation
between trajectory groups 1 and 2. Risk factors for permanent pain are the existence of preoperative
pain (OR = 6.94, CI 95% (1.54–31.27)) and scar length (OR = 1.20 (1.05–1.38)). In contrast, ASA class III
is a protective factor in group 1 (OR = 0.02 (0.001–0.52)). In conclusion, early postoperative pain can
be characterized by four trajectories and preoperative pain is a major factor for the worst trajectory of
early postoperative pain.

Keywords: lung surgery; pain; trajectory; thoracotomy

1. Introduction

Effective postoperative analgesia plays a major role in the prevention of major morbid-
ity and mortality [1] and is particularly important after thoracotomy since postoperative
pain can increase the risk of respiratory complications, especially by limiting physical
activity and physiotherapy [2]. Numerous advances have been made both in the surgical
and anesthetic fields to reduce postoperative complications. Surgical techniques have
been oriented towards less-damaging incisions (muscle-sparing posterolateral thoraco-
tomy, axillary, or anterior approaches) or mini-invasive procedures (video-assisted thoracic
surgery (VATS), and robot-assisted thoracic surgery (RATS) [3,4]. Postoperative analgesia
techniques have also progressed with new techniques in loco-regional analgesia, which are
substitutes for epidural analgesia (paravertebral nerve block, erector spinae plane block of
the spine, cryoanalgesia, etc.) [5,6].

A better understanding of postoperative pain could make it possible to treat or even
prevent it and, therefore, improve the postoperative experience [7]. Usually described as
individual measurements of pain scores reported for each postoperative day, postoperative
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pain can also be described using the trajectory method, an original approach proposed
by Chapman et al. [8] The pain trajectory is a longitudinal characterization of acute pain
as a growth curve, normally resolving in intensity over days. The psychometric goal of
growth curve modeling is to estimate the true dynamic course of acute pain resolution
in each individual. With this simple linear model, each patient’s trajectory has two key
features: the intercept or initial pain level, and the slope or the rate of pain resolution [8].
This makes it possible to classify a patient into a specific cluster (resolving pain over time,
maintaining a constant level of pain over time, or increasing in pain over time) and to look
for predictive factors.

This method was used to identify patient subgroups based on pain in various surgeries
and notably after breast cancer surgery [9]. In a recent study, Vasilopoulos et al. identi-
fied five distinct postoperative pain trajectories from the data from day 1 to day 7 and
characterized each group by age, gender, preoperative anxiety, and preoperative opioid
consumption, but the patients enrolled had different surgeries [10].

Having conducted a prospective study regarding the risk of developing chronic pain
after the axillary approach, a standard mini-invasive procedure, and posterolateral thoraco-
tomies in thoracic surgery, we used the early postoperative data to establish the trajectories
in post-operative pain and to identify their pre- and intraoperative predictive factors.

2. Materials and Methods

2.1. Ethics Approval

The present study reports the postoperative findings of a prospective, observational,
single-center study performed in a tertiary care university hospital and was approved
by the Ethical Committee Ile-de-France XI (n◦ 2013-A01641-44; Chairperson M. Catz) on
16 January 2014. The study was designed in accordance with the STROBE Standard for
Observational studies) and published on the Clinical.trials.gov (accessed on 12 September
2014) website (NCT02237963).

2.2. Study Subjects

Patients were approached for consent before surgery and gave their written in-
formed consent to participate. To be eligible, patients had to be at least 18 years old;
French−speaking; and scheduled for lung surgery with a muscle-sparing posterolateral
(PL group) or axillary thoracotomy (AX group) for lobectomy, pneumonectomy, wedge
resection, bulla resection, or pneumothorax surgery for cancer or a non-cancer condition.
Patients were excluded (a) if the planned procedure was a video-assisted thoracoscopic
procedure, a partial or total pulmonary decortication, or a procedure extending to the chest
wall; (b) if they had limitations of self-expression or communication by phone, or a severe
psychiatric illness; and (c) if they had chronic thoracic pain before surgery (i.e., permanent
pain over at least the three preoperative months). Pregnant and lactating women, and other
vulnerable persons as defined by French regulation were not eligible.

2.3. Procedures
2.3.1. Surgical Management

For each patient, PL thoracotomy or AX thoracotomy was chosen by the participating
surgeons according to their experience.

For patients undergoing PL thoracotomy, the skin incision spanned the width of the
latissimus dorsi. The latissimus muscle was completely divided, but the serratus anterior
was spared if possible and reflected anteriorly. The chest was opened in the fifth intercostal
space, and a rib retractor was systematically used.

The incision for the AX approach extended approximately 7 cm caudal from just
below the axillary hairline along the anterior border of the latissimus. The latissimus was
completely spared and did not require mobilization. The insertions of the serratus anterior
muscle on ribs 4 and 5 were dissected from these ribs, allowing the muscle to be lifted from
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the chest wall to allow the intercostal incision to be made in the fourth intercostal space. A
rib retractor was only used if required by the surgeon.

For both approaches, the intercostal incision was extended far anteriorly and posteri-
orly beyond the limits of the skin incision.

A small portion of the posterior sixth rib was occasionally resected (shingled) dur-
ing PL thoracotomy. Both types of incisions were closed with three or four interrupted
pericostal or intracostal sutures. A running absorbable suture was used on the muscle,
subcutaneous, and skin layers of the PL thoracic incision and on the subcutaneous and skin
layers of the axillary thoracic incision.

Postoperative chest tube management was at the discretion of the surgical team.

2.3.2. Anesthetic and Pain Management

Anesthesia and pain management were standardized for all patients.
Anesthesia was total intravenous anesthesia by propofol and remifentanil, the doses

of which were titrated according to hemodynamic stability and to maintain a Bispectral
Index between 40 and 60, a range corresponding to the desired depth of anesthesia.

The usual pain management was thoracic patient-controlled epidural analgesia asso-
ciated with co-analgesics (acetaminophen, nefopam, and nonsteroidal anti-inflammatory
drugs in the absence of contraindication) given IV first and then orally as soon as possible.
The epidural catheter was inserted before surgery at the T5–T6 or T6–T7 level; a first bolus
of ropivacaine 0.375% mixed with 5 μg/mL (3 to 5 mL) of sufentanil was administered
prior to anesthetic induction and was followed by a 5 mL/h infusion of 0.2% ropivacaine
and 0.5 μg/mL of sufentanil. As soon as the patient was able to use the patient-controlled
function, 3 mL boluses with a refractory period of 20 min were provided. In the case of con-
traindication to epidural analgesia (e.g., coagulopathy, systemic infection, or spinal disease),
a paravertebral catheter was placed during surgery and allowed for 0.375% (3 to 5 mL/h)
ropivacaine infusion. In the case of failure of epidural analgesia despite routine procedures,
intravenous morphine patient-controlled analgesia or oral morphine was started. As spec-
ified in our institutional protocol, the epidural catheter was removed after the last chest
tube was removed, typically on postoperative days 3 to 5, and oral analgesics (opioids and
acetaminophen) were used alone.

Post-operative analgesia was given by nurses who specialize in pain management.
This allowed for therapeutic adaptation.

2.4. Data Collection and Outcomes

Data were collected at inclusion, during surgery, and during the postoperative period.
A complete assessment was performed on the 6th ± 1 postoperative day.

Demographic variables, history of cancer and tobacco use, pain, and anxiety were
collected at inclusion. Regarding pain, patients were asked to respond to the question
“Do you regularly suffer from pain?”. In the case of a positive response, they provided
a self-assessment of pain at rest during the visit and the mean value of pain score dur-
ing the prior week using an 11-point numerical rating scale (NRS) from 0 = no pain to
10 = maximum imaginable pain. They were also asked to locate the pain and to report their
painkiller use using the World Health Organization analgesic classification. A neuropathic
pain was defined by a DN4 score ≥ 4 [11]. Patients’ self-reporting of anxiety also used NRS
with 0 = no anxiety and 3 = maximal imaginable anxiety.

The duration of anesthesia and surgery as well as the particularities of the surgical
techniques were noted.

Postoperative pain was assessed each day from day 0 (day of surgery) to day 6 ± 1 at rest,
when coughing and during ipsilateral shoulder mobilization using NRS [12]. The latter was
the main outcome that was used to establish the trajectories of post-operative pain after
thoracic surgery regardless of the surgical approach (PL thoracotomy or AX thoracotomy).

In addition, at day 6 ± 1, the postoperative analgesia technique; the DN4 score; the skin
anesthesia or hypoesthesia around the scars using a 10 g Von Frey filament on three vertical
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measures at the midclavicular, midaxillary, and scapular lines; the total length of the scar;
and patient satisfaction with pain management using a NRS from 0 = totally disappointed
to 10 = totally satisfied were recorded.

Finally, the duration of postoperative stay and postoperative complications were
collected using the Clavien classification [13].

2.5. Statistical Analysis
2.5.1. Number of Patients to Be Included

The number of patients to be included was calculated using the occurrence of chronic
pain after PL and AX thoracotomies as the main outcome. When planning the study as a
randomized controlled trial, the sample size was calculated based on a preliminary report
from our group showing a 48% prevalence of chronic pain one year after a posterolateral
thoracotomy [14]. It was hypothesized that post-thoracotomy pain syndrome prevalence
would be 40% lower after an AX thoracotomy. However, since there were about twice
as many surgeons performing posterolateral thoracotomy than surgeons performing AX
thoracotomies, it was anticipated that the ratio of patients in the two arms would be about
2 to 1. Based on a 2-sided Fisher’s exact test, with an alpha risk of 0.05, group sample
sizes of 103 in the smaller group and 206 in the larger one achieve 90% power to detect a
0.60 smaller to larger ratio (i.e., 0.29 for the AX group and 0.48 for the posterolateral group)
for the primary outcome. In April 2016, following a modification of our surgical practice, it
appears that there were as many AX procedures as PL procedures. We therefore decided to
stop our inclusions at 196 patients.

2.5.2. Statistical Methods

All statistical analyses were conducted on an intention-to-treat basis.
Categorical variables are presented as number (proportion); continuous variables are

presented as median (25th percentile–75th percentile).
The statistical analysis was carried out in three steps: comparison of patients according

to their surgical incision, identification of postoperative pain trajectories, and comparison
of patients according to their pain trajectories.

Comparisons of variables between patients who had a PL or an AX thoracotomy used
a Chi2 or a Fisher test for categorical variables and a Mann–Whitney test for continuous
variables. Mixed model repeated measures were used to compare pain scores at mobiliza-
tion during the early (day 0 to day 5) postoperative days. The surgery group and the days
were used as fixed factors.

In the primary analysis, to identify clusters or subgroups of patients with similar
progressions, defining trajectories of pain after surgery (measured from day 1 to day 5),
a mixed ascending hierarchical classification was implemented with PROC CLUSTER
in SAS software (SAS Institute). Each patient was clustered into the trajectory group
to which they had the highest posterior probability of membership. First, a principal
component analysis (PCA) was applied on postoperative pain variables. Then, factor axes
were used to determine a dendrogram using a mixed ascending hierarchical classification.
The dendrogram was cut using the Euclidean distance between each point with the Ward
method to identify the best number of subgroups (i.e., trajectories). Comparisons of
variables between all trajectories used a Chi2 or a Fisher test for categorical variables and a
Kruskal–Wallis test followed by a Dunn’s multiple comparisons test. Finally, a multivariable
multinomial logistic model was performed to identify risk factors for trajectories. All factors
associated with clusters in the univariate analysis with p-values < 0.20 were included in the
multivariable model.

All statistics tests were two tailed, and P was considered significant when
the p-values < 0.05.

Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA) and R
software (version 3.1, R Foundation for Statistical Computing, Vienna, Austria) using the
application GMRC Shiny Stat (Strasbourg, France, 2017).
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3. Results

3.1. Participants

Two hundred and fifteen patients were approached from July 2014 to November 2015,
with one hundred and ninety-six finally included. Ninety-six patients underwent surgery
through an AX incision, and one hundred underwent surgery through a PL incision.
Initially, 25 patients (13 in the AX group and 12 in the PL group) were excluded from
analysis due to missing pain scores. However, after imputation of the missing data, ten
patients (six in the AX group and four in the PL group) were retrieved for data analysis. The
analysis concerned 89 patients in the AX group and 92 patients in the PL group (Figure 1).

Figure 1. Flowchart.

3.2. Comparison of Variables between the PL Group and the AX Group

There was only one difference between the patient characteristics at inclusion in the
AX and in the PL groups; patients in the AX group were younger, with a median age of
62 years old, whereas patients in the PL group had a median age of 66 (p = 0.041) (Table 1).

During the intraoperative period, differences between the two groups were related to
surgical particularities (surgical retractors and rib fracture more common in the PL group
(p < 0.001 and p = 0.004, respectively), and latissimus dorsi preservation and transcostal
suture more frequent in the AX group (p < 0.001)) (Table 2).
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Table 1. Patient characteristics at inclusion in posterolateral and axillary groups.

Posterolateral
Thoracotomy

n = 92

Axillary
Thoracotomy

n = 89
p Value

Age, years 66 (57–72) 62 (53–69) 0.041
Sex, Male/Female 50 (54.3)/42 (45.7) 42 (47.2)/47 (52.8) 0.374

Body mass index, kg/m2 25 (22–28) 24 (22–27) 0.227
ASA 0.129

I 5 (5.4) 13 (14.6%)
II 68 (73.9) 59 (66.3%)
III 19 (20.6) 17 (19.1%)

Cancer 74 (80.4) 71 (79.8) 1
History of tobacco use 63 (75.0) {84} 60 (76.9) {78} 0.855

Current anxiety * 64 (69.6) 67 (81.7) {82} 0.079
Painful patients 42 (45.6) 33 (37.1) 0.291

Pain on inclusion day ** 1 (0–3) {41} 2 (0–3) {29} 0.997
Mean pain during the prior week ** 3 (2–6) {39} 4 (2–5) {28} 0.639

Thoracic location of pain 10 (25.0) {40} 4 (12.9) {31} 0.242
Neuropathic pain *** 8 (12.5) {64} 5 (9.1) {55} 0.769

Analgesic used by all patients **** {66} {59}
At least one 27 (40.9) 17 (28.8%) 0.191

Step 1 24 (36.4) 17 (28.8%) 0.446
Step 2 9 (13.6) 2 (3.4%) 0.058
Step 3 2 (3.0) 0 (0.0%) 0.497

* Current anxiety was evaluated using four levels from 0 (null) to 3 (extreme) and is reported when present (1 or 2
or 3). ** Pain was evaluated using an 11-point numerical rating scale (NRS) from 0 = no pain to 10 = maximum
imaginable pain. *** A neuropathic pain was defined by a DN4 score ≥ 4 [11]. **** Classification according the
World Health Organization analgesic ladder. Number of available data in case of missing data is expressed as {xx}.
Values are expressed as median (25th percentile–75th percentile) or n (%) as appropriate.

Table 2. Intraoperative variables in posterolateral and axillary groups.

Posterolateral
Thoracotomy

n = 92

Axillary
Thoracotomy

n = 89
p Value

Duration of anesthesia, minutes 158 (136–195) {85} 166 (139–195) {88} 0.551
Duration of surgery, minutes 103 (78–129) {84} 109 (82–133) {88} 0.623

Surgical procedure 0.153
Lobectomy 57 (62.0) 64 (71.9%) 0.160

Wedge resection 23 (25.0) 19 (21.3%) 0.600
Pneumonectomy 7 (7.6) 1 (1.1%) 0.065
Other procedure 5 (5.4) 5 (5.6%) 1

Right side of surgery 46 (50.0) 52 (58.4) 0.297
Surgical retractors 92 (100.0) 59 (67.8) {87} <0.0001

Rib fracture 22 (24.7) {89} 7 (8.2) {85} 0.004
Number of pleural drains 0.600

One 23 (25.0) 19 (21.3%)
Two 69 (75.0) 70 (78.6%)

Serratus preservation 83 (92.2) {90} 73 (85.9) {85} 0.226
Latissimus dorsi preservation 6 (6.8) {88} 65 (76.5) {85} <0.0001

Transcostal suture 3 (3.4) {88} 48 (55.8) {86} <0.0001
Extrapleural detachment 16 (18.0) {89} 7 (8.4) {83} 0.076

Number of available data in case of missing data is expressed as {xx}. Values are expressed as median (25th
percentile–75th percentile) or n (%) as appropriate.

Pain scores for mobilization of the ipsilateral shoulder from the day of surgery to
postoperative day 5 were similar in both groups (p = 0.83, Figure 2).
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Figure 2. Comparison of pain score for mobilization of the ipsilateral shoulder measured from the day
of surgery to postoperative day 5 for each surgical technique. Black boxes represent median NRS in
the posterolateral thoracotomy group. Red circles represent median NRS in the axillary thoracotomy
group. Pain was evaluated using an 11-point numerical rating scale (NRS) from 0 = no pain to
10 = maximum imaginable pain.

Most patients received thoracic epidural analgesia. Pain scores for cough and pain
scores for mobilization of the ipsilateral shoulder were significantly lower in the AX group
(respectively, medians of 3 and 2 in the AX group vs. medians of 4 and 3 in the PL group,
with p = 0.019 and p = 0.035, respectively). Height of the hypoesthesia area around the scar
was lower in the AX group (p = 0.016). Finally, the scar length was significantly greater in
the PL group: median size 17 cm vs. 8 cm in the AX group (p < 0.001) (Table 3).

Table 3. Postoperative hospital stay variables in posterolateral and axillary groups.

Posterolateral
Thoracotomy

n = 92

Axillary
Thoracotomy

n = 89
p Value

Type of postoperative analgesia 0.101
Thoracic epidural analgesia 82 (89.1) 77 (86.5) 0.591

Paravertebral block 7 (7.6) 3 (3.4) 0.330
No locoregional procedure 3 (3.3) 9 (10.1) 0.078

Chest tube in place at day 6 (±1) 18 (19.6) 21 (23.6) 0.589
Pain at day 6 (±1 day) *

Pain score at rest 1 (0–2) 1 (0–2) 0.867
Pain score for cough 4 (2–6) {90} 3 (2–5) {87} 0.019

Pain score for mobilization of the
ipsilateral shoulder 3 (2–4) 2 (1–4) 0.035

Neuropathic pain ** 6 (6.5) 4 (4.5) 0.747
Height of hypoesthesia area around the

scar, cm
On the breast line 0 (0–8) 0 (0–5) {87} 0.722

On the axillary line 0 (0–5) 0 (0–4) {88} 0.354
On the tip of the scapula 0 (0–0) {91} 0 (0–0) {88} 0.016

105



J. Clin. Med. 2022, 11, 5152

Table 3. Cont.

Posterolateral
Thoracotomy

n = 92

Axillary
Thoracotomy

n = 89
p Value

Scar length, cm 17 (14–19) {91} 8 (6–11) {84} <0.0001
Satisfaction score *** 8 (7–9) {91} 9 (8–10) {87} 0.075

Postoperative complications ≥ IIIa **** 3 (3.3) 6 (6.7) 0.325
Postoperative hospital stay, days (n) 8 (7–12) 8 (7–11) 0.132

* Pain was evaluated using an 11-point numerical rating scale (NRS) from 0 = no pain to 10 = maximum imaginable
pain. ** Neuropathic pain was defined by a DN4 score ≥ 4 [11]. *** Satisfaction was evaluated using an 11-
point numerical rating scale (NRS) from 0 = totally disappointed to 10 = totally satisfied. **** Classification of
postoperative complications according to the Clavien classification [13]. Number of available data in case of
missing data is expressed as {xx}. Values are expressed as median (25th percentile–75th percentile) or n (%) as
appropriate.

3.3. Pain Trajectories

The best-fitting model included four pain trajectory groups, with a combination of
linear and quadratic trajectory groups. Those who partly or fully resolved their pain
over five days had negative slopes, and those who demonstrated a pattern of increasing
pain over days had positive slopes. Pain trajectory group 1 corresponds to patients with
permanent significant pain from day 0 to day 5 (29.8% of the patients), pain trajectory group
2 corresponds to patients with moderate pain from day 0 to day 5 (32.6%), pain trajectory
group 3 corresponds to patients with steep decreases in pain across the five days after
surgery (22.7%), and pain trajectory group 4 corresponding to patients with steep increases
in pain across the 5 days after surgery (14.9%) (Figure 3).

Figure 3. Comparison of pain score for mobilization of the ipsilateral shoulder measured from the
day of surgery to postoperative day 5 for each trajectory. For each trajectory the median pain score is
represented (numeric rating scale: 11-point scale for patient self-reporting of pain from 0 = no pain to
10 = maximal imaginable pain). The black line represents median pain scores in cluster 1 (permanent
significant pain group). The red line represents median pain scores in cluster 2 (permanent moderate
pain group). The pink line represents median pain scores in cluster 3 (decreasing pain group). The
gray line represents median pain scores in cluster 4 (increasing pain group).
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3.4. Comparison of Variables between the Trajectory Groups

Some patient characteristics at inclusion differed between trajectory groups, especially
between trajectory group 1 and trajectory group 2: younger patients (p = 0.031), more
patients with neuropathic pain (p = 0.013), and more patients having taken at least one
analgesic medication before surgery (p = 0.022) in group 1. The percentage of preoperative
painful patients was greater in group 1 than in the other groups (Table 4).

Table 4. Patient characteristics at inclusion for each trajectory group.

Trajectory 1
n = 54

Trajectory 2
n = 59

Trajectory 3
n = 41

Trajectory 4
n = 27

Global
p Value

Intergroup
p Value

Age, years 60 (51–67) 69 (58–72) 64 (55–71) 64 (56–70) 0.049 T1 vs. T2; p = 0.031
Sex, Male/Female 22 (40.7)/32 (59.3) 35 (59.3)/24 (40.7) 22 (53.7)/19 (46.3) 13 (48.1)/14 (51.9) 0.251

Body mass index, kg/m2 23 (21–27) 24 (22–27) 25 (22–27) 26 (22–29) 0.442
ASA 0.073

I 8 (14.8) 4 (6.8) 3 (7.3) 3 (11.1)
II 42 (77.8) 37 (62.7) 29 (70.7) 19 (70.4)
III 4 (7.4) 18 (30.5) 9 (21.9) 5 (18.5)

Cancer 42 (77.8) 47 (79.7) 33 (80.5) 23 (85.2) 0.917
History of tobacco use 36 (73.5) {49} 38 (71.7) {53} 30 (85.7) {35} 19 (76.0) {25} 0.479

Current anxiety * 45 (86.5) {52} 39 (68.4) {57} 28 (71.8) {39} 19 (73.1) {26} 0.131

Painful patients 33 (61.1) 19 (32.2) 15 (36.6) 8 (29.6) 0.006
T1 vs. T2; p = 0.006
T1 vs. T3; p = 0.049
T1 vs. T4; p = 0.021

Pain on inclusion day ** 2 (0–4) {29} 1 (0–2) {18} 2 (0–5) {15} 0 (0,1) {8} 0.306
Mean pain during the prior

week ** 4 (3–6) {29} 3 (2–4) {17} 4 (2–4) {13} 4 (1–4) {8} 0.085

Thoracic pain 7 (23.3) {30} 3 (16.7) {18} 3 (20) {15} 1 (12.5) {8} 0.947
Neuropathic pain *** 9 (25.0) {36} 1 (2.5) {40} 2 (8.0) {25} 1 (5.6) {18} 0.015 T1 vs. T2; p = 0.013
Analgesic used by all

patients **** {36} {46} {27} {16}

At least one 19 (52.8) 10 (21.7) 9 (33.3) 6 (37.5%) 0.035 T1 vs. T2; p = 0.022
Step 1 16 (44.4) 10 (21.7) 9 (33.3) 6 (37.5%) 0.166
Step 2 5 (13.9) 2 (4.3) 2 (7.4) 2 (12.5%) 0.409
Step 3 1 (2.8) 1 (2.2) 0 (0.0) 0 (0.0%) 1

* Current anxiety was evaluated using four levels from 0 (null) to 3 (extreme) and is reported when present (1 or 2
or 3). ** Pain was evaluated using an 11-point numerical rating scale (NRS) from 0 = no pain to 10 = maximum
imaginable pain. *** A neuropathic pain was defined by a DN4 score ≥ 4 [11]. **** Classification according the
World Health Organization analgesic ladder. Number of available data in case of missing data is expressed as {xx}.
Values are expressed as median (25th percentile–75th percentile) or n (%) as appropriate.

Intraoperative variables were similar regardless of trajectory group (Table 5).

Table 5. Intraoperative variables for each trajectory group.

Trajectory 1
n = 54

Trajectory 2
n = 59

Trajectory 3
n = 41

Trajectory 4
n = 27

Global
p Value

Axillary approach 24 (44.4) 32 (54.2) 20 (48.8) 13 (48.1) 0.781
Duration of anesthesia,

minutes 162 (129–189) {52} 156 (134–198) {57} 166 (149–199) {39} 168 (135–214) {25} 0.502

Duration of surgery, minutes 102 (77–127) {52} 109 (76–130) {57} 107 (89–134) {38} 111 (79–152) {25} 0.825
Surgical procedure

Lobectomy 35 (64.8) 39 (66.1) 29 (70.7) 18 (66.7) 0.940
Wedge resection 11 (20.4) 17 (28.8) 8 (19.5) 6 (22.2) 0.679
Pneumonectomy 3 (5.6) 1 (1.7) 3 (7.3) 1 (3.7) 0.513
Other procedure 5 (9.3) 2 (3.4) 1 (2.4) 2 (7.4) 0.444

Right side of surgery 29 (53.7) 32 (54.2) 23 (56.1) 14 (51.8) 0.993
Surgical retractors 48 (88.9) 46 (80.0) 33 (82.5) {40} 24 (92.3) {26} 0.283

Rib fracture 8 (14.8) 10 (17.9) {56} 3 (7.9) {38} 8 (30.8) {26} 0.121
Number of pleural drains 0.884

One 12 (22.2) 15 (25.4) 8 (19.5) 7 (25.9)
Two 42 (77.8) 44 (74.6) 33 (80.5) 20 (74.1)

Serratus preservation 47 (88.7) {53} 51 (87.9) {58} 36 (94.7) {38} 22 (84.6) {26} 0.595
Latissimus dorsi preservation 19 (36.5) {52} 28 (48.3) {58} 17 (45.9) {37} 7 (26.9) {26} 0.244
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Table 5. Cont.

Trajectory 1
n = 54

Trajectory 2
n = 59

Trajectory 3
n = 41

Trajectory 4
n = 27

Global
p Value

Transcostal suture 13 (25.5) {51} 21 (36.2) {58} 14 (35.9) {39} 3 (11.5) {26} 0.082
Extrapleural detachment 7 (13.5) {52} 7 (12.3) {57} 6 (16.2) {37} 3 (11.5) {26} 0.947

Number of available data in case of missing data is expressed as {xx}. Values are expressed as median (25th
percentile–75th percentile) or n (%) as appropriate.

Of interest, scar lengths did not differ from one group to another (Table 6).

Table 6. Postoperative hospital stay variables for each trajectory group.

Trajectory 1
n = 54

Trajectory 2
n = 59

Trajectory 3
n = 41

Trajectory 4
n = 27

Global
p Value

Intergroup
p Value

Type of postoperative
analgesia 0.788

Thoracic epidural
analgesia 48 (88.9) 52 (88.1) 34 (82.9) 25 (92.6) 0.707

Paravertebral block 4 (7.4) 2 (3.4) 3 (7.3) 1 (3.7) 0.736
No locoregional

procedure 2 (3.7) 5 (8.5) 4 (9.8) 1 (3.7) 0.615

Chest tube in place at
day 6 (±1) 13 (24.1) 13 (22.0) 7 (17.1) 6 (22.2) 0.880

Pain at day 6 (±1 day) *

Pain score at rest 2 (0–3) 0 (0,1) 1 (0–2) 1 (0–3) <0.0001 T1 vs. T2; p < 0.0001
T2 vs. T4; p = 0.024

Pain score for cough 5 (4–7) {51} 2 (1–3) 4 (2–5) 5 (3–6) {26} <0.0001

T1 vs. T2; p < 0.0001
T1 vs. T3; p = 0.005
T2 vs. T3; p = 0.034
T2 vs. T4; p < 0.0001

Pain score for
mobilization of the
ipsilateral shoulder

4 (2–6) 2 (1–3) 3 (2–4) 4 (2–4) <0.0001 T1 vs. T2; p < 0.0001
T2 vs. T4; p = 0.018

Neuropathic pain ** 5 (9.3) 1 (1.7) 2 (4.9) 2 (7.4) 0.296
Height of hypoesthesia
area around the scar, cm

On the breast line 1.5 (0–7.7) {54} 0 (0–4) {58} 0 (0–7) {41} 0 (0–8.5) {26} 0.353
On the axillary line 0 (0–3) {54} 0 (0–5) {58} 0 (0–5) {41} 3 (0-5.5) {27} 0.413

On the line tip of the
scapula 0 (0–0) {54} 0 (0–0) {57} 0 (0–0) {41} 0 (0–0) {27} 0.674

Scar length, cm 15 (9–19) {54} 12 (7–16) {54} 12 (8–17) {41} 14 (13–18) {26} 0.047 ns
Satisfaction score *** 9 (8,9) {53} 9 (8–10) {58} 8 (7–10) {40} 9 (6–10) {27} 0.183

Postoperative
complications ≥ IIIa **** 2 (3.7) 1 (1.7) 4 (9.8) 2 (7.4) 0.247

Postoperative hospital
stay, days (n) 8 (7–13) 9 (7–11) 9 (6–13) 8 (7–11) 0.840

* Pain was evaluated using an 11-point numerical rating scale (NRS) from 0 = no pain to 10 = maximum imaginable
pain. ** Neuropathic pain was defined by a DN4 score ≥ 4 [11]. *** Satisfaction was evaluated using an 11-
point numerical rating scale (NRS) from 0 = totally disappointed to 10 = totally satisfied. **** Classification of
postoperative complications according to the Clavien classification [13]. Number of available data in case of
missing data is expressed as {xx}. Values are expressed as median (25th percentile–75th percentile) or n (%) as
appropriate. ns = not statistically significant.

3.5. Predictive Factors of Pain Trajectories

Variables in the multinomial logistic regression were age, preoperative state of health
qualified by the ASA score, presence of preoperative pain, use of at least one pain med-
ication, and preoperative anxiety. Three entities relevant to thoracic surgery were also
analyzed: rib fractures, transcostal suture, and scar length. This corresponds to the vari-
ables reaching the defined threshold for inclusion (p < 0.20). The preoperative neuropathic
component of pain was not included in the analysis because of the large number of missing
values. The permanent non-significant pain trajectory group (group 2) is the reference
group for multinomial logistic regression.

Some predictive factors allow for differentiation between trajectory groups 1 and 2.
Risk factors for permanent pain are the existence of preoperative pain (OR = 6.94, 95% CI
(1.54–31.27)) and scar length (OR = 1.20 (95% CI (1.05–1.38))). In contrast, ASA class III is a
protective factor in group 1 (OR = 0.02, 95% CI (0.001–0.52)) (Table 7).
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Table 7. Multivariable analysis of factors linked to pain trajectories (trajectory group 2 as reference).

Trajectory Group 1
OR (CI95%)

Trajectory Group 3
OR (CI95%)

Trajectory Group 4
OR (CI95%)

Age 0.96 (0.91–1) 0.99 (0.94–1.03) 0.98 (0.93–1.04)
ASA class

II 0.15 (0.01–2.36) 0.57 (0.03–13.01) 0.21 (0.01–6.07)
III 0.02 (0.001–0.52) 0.51 (0.02–13.78) 0.06 (0.001–2.48)

Anxiety 4.75 (0.90–25.14) 0.75 (0.21–2.59) 1.91 (0.38–9.64)
Preoperative

pain 6.94 (1.54–31.27) 1.46 (0.40–5.34) 0.78 (0.13–4.56)

At least one
analgesic 1.58 (0.39–6.44) 1.85 (0.46–7.48) 2.58 (0.40–16.72)

Rib fracture 0.86 (0.15–4.78) 0.13 (0.01–1.33) 2.51 (0.49–12.85)
Transcostal

suture 0.59 (0.14–2.54) 1.49 (0.39–5.73) 0.32 (0.05–2.08)

Scar length 1.20 (1.05–1.38) 1.11 (0.98–1.27) 1.12 (0.96–1.31)

OR (CI95%): odds ratios and 95% confidence intervals.

No predictive factor could allow for differentiation between trajectory group 2 and
groups 3 or 4.

4. Discussion

4.1. Main Results of Our Study

To our knowledge, this is the first description of pain trajectories during the early
postoperative period after lung surgery. For patients operated by PL or AX approaches
using a mini-invasive technique like video-assisted thoracoscopic surgery, in terms of early
complications, pain, performance status, and quality of life [15], four pain trajectories can
be identified after lung surgery: constantly high, constantly low, decreased, and increased
pain trajectories over time. Moreover, we identified two risk factors (preoperative pain
and scar length) and a protective factor (ASA class III) for the worst pain trajectory when
compared to the best one.

4.2. Interpretation

Defining acute postoperative pain as a trajectory rather than as one or more simple
point estimates of intensity increases the information yield of pain assessment and im-
proves measurement precision [8,16]. Thus, it must be underlined that a high percentage
of patients experience pain during the early postoperative period despite the analgesic
techniques put in place and followed-up by nurses who specialize in pain management.
This percentage is 44.7% when adding patients with permanent significant pain from day
0 to day 5 (group 1) and patients with steep increases in pain over these days (group 4).
Few authors have reported early postoperative pain trajectories. Althaus et al. pooled
data of patients having undergone orthopedic surgery, general surgery, visceral surgery,
and neurosurgery and reported three types of pain trajectory: little initial pain on the first
postoperative day with further pain resolution (57% of the patients), severe pain with a
high rate of pain resolution (30%), and permanent high pain intensity (13%) [17]. Five
trajectory groups were reported by Vasilopoulos et al. after pooling data of patients having
undergone major orthopedic, urologic, colorectal, pancreatic/biliary, thoracic, or spine
surgery. Four trajectories identified patients with low (7% of the patients), moderate-to-low
(24%), moderate-to-high (46%), and high pain (17%) over time; one trajectory corresponded
to patients with drastically decreasing postoperative pain (6%) [10]. It is difficult to compare
the distribution of patients according to trajectories between this study and ours. Thus,
as in our study, Vasilopoulos et al. found that approximately one in two patients can be
categorized as having a painful experience despite the use of many preoperative nerve
blocks. However, postoperative pain treatment is not detailed, as pointed out by Kehlet
and Foss [18].
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There are numerous studies of the risk factors of postoperative pain using pain as the
main outcome. Ip et al., studying 48 eligible studies with 23,037 patients, identified preop-
erative pain, anxiety, age, and type of surgery, but not gender, as significant predictors for
postoperative pain [19]. A similar study by Gerbershagen et al. reported that female gender,
younger age, and preoperative chronic pain are associated with higher postoperative pain
in a large multicenter cohort of patients having had heterogeneous surgical procedures [20].
More recently, a systematic review and meta-analysis identified nine predictors of poor
postoperative pain control, with odds ratios ranging from 1.02 to 2.32: younger age, female
gender, smoking, depression, anxiety, sleep difficulties, high body mass index, presence of
preoperative pain, and use of preoperative analgesics [21].

Regarding the specific question of postoperative pain after lung surgery, the work
carried out by Kwon et al. must be underlined since it compared pain after robotic, video-
assisted thoracoscopic surgery and open anatomic pulmonary resection and reported
that female gender, younger age, and baseline narcotic use were associated with acute
postoperative pain [22].

Replacing the measurement of postoperative pain with the determination of pain
trajectories has little effect on the determination of risk factors. Thus, Vasilopoulos et al.
also reported that risk factors for the stable moderate-to-high and high pain groups are
female gender and young age while preoperative high anxiety and depression and greater
pain behaviors and pain catastrophizing were linked to the stable high group [10]. After
lung surgery, we found dissimilar predictive factors, preoperative pain and scar length, for
painful trajectories and a protective factor, ASA class III. We did not find an association
between female gender and increased postoperative pain intensity, as previously shown
across a variety of surgical procedures [20,23,24], but as we have seen above, other studies
did not find this factor [19]. Similarly, we did not find that young age is linked to increased
postoperative pain, as previously reported [10,19,20,22], although van Dijk et al. reported
in a large and heterogenous international cohort that postoperative pain decreases with
increasing age, but these authors qualified this relation as small and of questionable clinical
significance [25].

Among behavioral factors that have been reported as strongly associated with acute
postoperative pain intensity, preoperative anxiety is highlighted [10,19,21]. This point
is unfortunately not confirmed in our study, perhaps because more than two thirds of
the patients were anxious preoperatively. This underscores the importance of studying
risk factors in a homogeneous patient population with respect to their pathology and
surgical procedure.

4.3. Strength and Limitations of the Study

The strength of our study is that it was conducted under real-life conditions, with the
data collected reflecting the vagaries of management, including the successes and failures
of surgical procedures and analgesia techniques.

On the other hand, our study suffers from several important limitations.
As specified before, this study is an ancillary study from another that studied the

development of chronic pain after PL and AX approaches for thoracic surgery.
This study established four clusters describing postoperative pain by mixing patients

operated on by PL thoracotomy or by AX thoracotomy. Posterolateral thoracotomy is
increasingly being replaced by video-assisted thoracoscopic surgery and robot-assisted
thoracic surgery, which result in less acute pain [22]. On the other hand, AX thoracotomy is
rarely performed at present but represents a model of mini-invasive surgery. Numerous
patients received thoracic epidural postoperative analgesia, preventing an analysis of the
role of this technique in the prevention of postoperative pain.

Our study did not include randomization for the choice of approach because the
surgeons considered it unethical to use approaches they were unfamiliar with. It was
decided that participating surgeons would use the approach they routinely used and were
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familiar with. Such conduct is usual since most studies comparing PL thoracotomy and
VATS do not include randomization.

Our preoperative screening of potential factors linked to postoperative pain was
obviously incomplete. The evaluation of anxiety was rather short, and we did not eval-
uate psychological factors such as depression, pain coping and catastrophism, and sleep
disorders. A genetic study is also missing.

4.4. Generalizability

Our study combined patients having had a large surgical approach and a mini-invasive
one. These two approaches are being progressively discarded and replaced by video-
assisted thoracoscopic surgery and robot-assisted thoracic surgery; our results cannot be
generalized to the whole lung surgical population.

Moreover, most of our patients benefited from a thoracic epidural postoperative
analgesia. This was the choice of our team at the time of this study, but this strategy has
evolved towards less-invasive techniques [5,6].

5. Conclusions

In conclusion, we identified four trajectories for early postoperative pain after lung
surgery performed by posterolateral and axillary approaches. The major risk factor for
permanent pain trajectory is preoperative pain, which should lead to a more aggressive
pre-operative management unless it represents a constitutive factor, perhaps genetic. We
confirmed the benefit of mini-invasive surgery since scar length is also reported as a risk
factor for postoperative pain. On the other hand, it is difficult to explain why ASA class III
is a strong protective factor unless it is related to more careful management.
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Abstract: This monocentric, single-blinded, randomized controlled noninferiority trial investigated
the analgesic efficacy of erector spinae plane block (ESPB) combined with intercostal nerve block
(ICNB) compared to that of thoracic paravertebral block (PVB) with ICNB in 52 patients undergoing
video-assisted thoracic surgery (VATS). The endpoints included the difference in visual analog scale
(VAS) scores for pain (0–10, where 10 = worst imaginable pain) in the postanesthetic care unit (PACU)
and 24 and 48 h postoperatively between the ESPB and PVB groups. The secondary endpoints
included patient satisfaction (1–5, where 5 = extremely satisfied) and total analgesic requirement in
morphine milligram equivalents (MME). Median VAS scores were not significantly different between
the groups (PACU: 2.0 (1.8, 5.3) vs. 2.0 (2.0, 4.0), p = 0.970; 24 h: 2.0 (0.8, 3.0) vs. 2.0 (1.0, 3.5), p = 0.993;
48 h: 1.0 (0.0, 3.5) vs. 1.0 (0.0, 5.0), p = 0.985). The upper limit of the 95% CI for the differences (PACU:
1.428, 24 h: 1.052, 48 h: 1.176) was within the predefined noninferiority margin of 2. Total doses of
rescue analgesics (110.24 ± 103.64 vs. 118.40 ± 93.52 MME, p = 0.767) and satisfaction scores (3.5
(3.0, 4.0) vs. 4.0 (3.0, 5.0), p = 0.227) were similar. Thus, the ESPB combined with ICNB may be
an efficacious option after VATS.

Keywords: video-assisted thoracic surgery; erector spinae plane block; paravertebral block;
intercostal nerve block

1. Introduction

Although it is less invasive and damaging to tissue, video-assisted thoracic surgery
(VATS) still causes moderate to severe postoperative pain [1]. Postoperative pain is an in-
dependent predictor of mortality and morbidity [2]. In addition, acute pain after thoracic
surgery is associated with chronic pain; therefore, postoperative pain control is a main
goal [3]. The thoracic epidural block (TEB) is the standard procedure for a regional block
in thoracotomy; however, the paravertebral block (PVB) is known to show equipotent
efficacy [4]. These are also widely used in VATS procedures. The erector spinae plane block
(ESPB) is a simple fascial plane block that serves as an alternative to an epidural block, with
fewer side effects [5]. It appears to be an effective analgesic technique at many levels and
functions as an alternative when the PVB or epidural block is contraindicated [6]. However,
some clinical trials have shown that ESPB has a lesser analgesic effect than PVB [7]; thus,
no consensus has been reached. The intercostal nerve block (ICNB) is a multimodal anal-
gesia technique following thoracic surgery, and its analgesic efficacy has been proven [8].
However, no study has compared the analgesic effects of ESPB and PVB when combined
with ICNB.
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We hypothesized that the ESPB would not be less effective than the PVB for attenuat-
ing pain when combined with ICNB after VATS. The primary outcome of this monocentric,
single-blinded, randomized controlled noninferiority trial was the median difference in
postoperative pain scores between the groups. The secondary outcomes were the cu-
mulative postoperative analgesic consumption (calculated as oral morphine milligram
equivalents, MME) and patient satisfaction scores.

2. Materials and Methods

2.1. Study Population

The study trial was approved by the Institutional Review Board of Yonsei Uni-
versity Wonju College of Medicine, Wonju, Korea, and the participants are listed at
https://cris.nih.go.kr (accessed on 18 May 2021, KCT 0006271). We enrolled 52 patients
with American Society of Anesthesiologists physical status I, II, or III, aged 19–80 years,
who had undergone VATS between June 2021 and January 2022. Patients were excluded
from the study for cognitive impairment, anticoagulant administration, coagulopathy,
antiplatelet drug administration within 48 h, double antiplatelet therapy, surgical site
infection, refusal of procedure, allergic reaction to local anesthetic, requiring therapeutic
anticoagulant therapy after surgery, or pregnancy. Patients with comorbid diseases were
excluded according to the judgment of the anesthesiologist (sepsis, anatomical thoracic
deformity, empyema, increased intracranial pressure, etc.). Patients were randomly and
evenly assigned to either the PVB with ICNB group or the ESPB with ICNB group by
a computer-generated randomization table. Blinding of the group designation was main-
tained for the patients and attending anesthesiologists, except one practitioner (J.-H.P.) who
performed the PVB or ESPB.

2.2. Perioperative Management

Anesthesia was induced by a bolus of propofol (1.5–2 mg/kg) and remifentanil
(1 mcg/kg). Rocuronium (0.6 mg/kg) was used for tracheal intubation. The remifen-
tanil infusion rate was adjusted by the attending anesthesiologist according to the overall
hemodynamic data and the suggested intensity of surgical stimuli. The fraction of inhaled
anesthetics was administered under BIS guidance. The surgeon performed the ICNB
and placed a chest tube during the surgery. At the end of the surgery, the ESPB or PVB
was performed in the lateral position. One anesthesiologist (J.-H.P.) performed the PVB
and ESPB. The same experienced surgeon (C.S.B.) performed the ICNB. The intravenous
patient-controlled analgesia (PCA) was used at the discretion of the anesthesiologist, and
the dose was recorded in terms of morphine milligram equivalents (MME). The patients
were extubated and transported to the postanesthetic care unit (PACU). The standard anal-
gesic algorithm in PACU was intravenous nonopioid analgesics for visual analog scale pain
scores of 4–6 [1] and intravenous fentanyl (50 μg) for VAS pain scores >6 [2]. The postoper-
ative pain in the ward was controlled by the primary physician. Administered analgesic
drugs were converted into MME and recorded in case record forms. The analgesics used
in the ward were intravenous tramadol, intramuscular or subcutaneous meperidine, oral
Ultracet® (tramadol 37.5 mg/acetaminophen 325 mg), and transdermal fentanyl patch.

2.3. Paravertebral Block

After surgery, each patient was placed in the lateral decubitus position, and skin
preparation was performed. The patient was palpated at the T5 level, and the linear
transducer was positioned in a vertical plane approximately 2.5 cm lateral to the palpated
spinous process, obtaining a sagittal plane of the transverse process, superior costover-
tebral ligament, intertransverse ligaments, desired paravertebral space, pleura, and lung
tissue. The paravertebral space was bordered by the vertebral body, intervertebral foramen,
parietal pleura, and costovertebral ligament. A 21-gauge, 10 cm echogenic needle (Vygon
SA; Ecouen, France) was placed in the paravertebral space using an in-plane approach to
confirm that there was no blood aspiration. A small amount of local anesthetic was then
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injected into the test dose in real time to reduce the anterior displacement of the pleura
and spine. Ropivacaine (0.375%, 20 cc) was injected with aspiration every 5 cc to prevent
intravascular injection.

2.4. Erector Spinae Plane Block

At the T5 level, the linear transducer was moved slowly from the midline to the
lateral, and the transducer was moved approximately 3 cm until a transverse projection
was observed. It was distinguishable from the ribs at that level: the transverse process is
shallow and wide, whereas the ribs are deep and thin. The trapezius, rhomboid, and erector
spinae muscles were then identified. An echogenic needle was inserted from the head to
the foot, using an in-plane approach, and advanced toward the transverse process through
the trapezius, rhomboid, and erector spinae muscles under ultrasound guidance. A small
amount of local anesthetic was administered when the needle tip was located below the
erector spinae muscle. The correct position of the needle was verified by visually confirming
that the erector spinae muscle was separated from the transverse process. Ropivacaine
(0.375%, 20 cc) was injected with aspiration every 5 cc to prevent intravascular injection.

2.5. Intercostal Nerve Block

At the end of the surgical procedure, a total of 10 cc of ropivacaine (2 cc per space)
was injected into the intercostal space until swelling of the intercostal nerve at the T4–T8
levels occurred.

2.6. Outcome Measures

The primary endpoint of the present study was to assess the analgesic efficacy of
ESPB compared with that of PVB when combined with ICNB by measuring the median
differences between the groups in the VAS of pain at the PACU, as well as 24 and 48 h
after surgery. The secondary endpoints were to investigate the total amount of analgesics
administered to the patients in MME and the satisfaction score of patients using a five-point
rating scale.

2.7. Sample Size Calculation

The standard deviation for PVB with ICNB in the pilot study was 2.29, and no sig-
nificant difference was observed in the variance between the ESPB and PVB in a previous
study [9]. When the noninferiority margin (delta value) was set to 2, it was determined
based on the opinion of colleagues and a previous study [10]. The significance level was
set to 0.05, and the power was set to 0.9; accordingly, the estimated number of patients
required in each group was 23. Accounting for a dropout rate of 10%, we decided to enroll
26 patients in each group.

2.8. Statistical Analysis

All statistical analyses were performed using the IBM SPSS statistical software pack-
age (IBM SPSS Statistics for Windows, version 25, IBM Corporation, Armonk, NY, USA).
Distribution of continuous variables was assessed using the Shapiro–Wilk test. Inter-
group comparisons of the non-normally distributed variables were performed using the
Mann–Whitney U test and are reported as the median (interquartile range). Intergroup
comparisons of other variables that showed a normal distribution were tested using an in-
dependent t-test and are reported as the mean ± standard deviation (SD). For pain scores
assessed at three timepoints, a post hoc Bonferroni correction was applied to adjust for
multiple comparisons.
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3. Results

In total, 52 patients were screened, and all of them were enrolled and assigned to the
two groups. There was no dropout among the enrolled patients. Hence, all 52 patients
were included in the final analysis.

The patient characteristics and types and durations of the surgeries were similar
between the groups (Table 1).

Table 1. Patient characteristics and surgery details.

PVB-ICNB (n = 26) ESPB-ICNB (n = 26) p-Value

Female (%) 9 (34.6) 13 (50.0)
Age 62.42 ± 13.11 60.31 ± 15.43 0.597

Height 161.09 ± 11.33 161.01 ± 10.14 0.978
Weight 62.34 ± 10.43 60.18 ± 10.72 0.464

BSA 1.66 ± 0.18 1.63 ± 0.17 0.591
Diabetes mellitus 11 (42.3) 6 (23.1) 0.143

Preoperative analgesics 3 (11.5) 3 (11.5) 1.000
Operation Type

Lobectomy 12 (46.2) 13 (50.0)
Segmentectomy 3 (11.5) 0 (0.0)
Wedge resection 10 (38.5) 13 (50.0)
Mediastinal mass 1 (3.8) 0 (0.0)

OP time (min) 85.96 ± 48.48 97.69 ± 55.38 0.420
Values are displayed as the mean ± SD or n (%). PVB: paravertebral block, ESPB: erector spinae plane block,
ICNB: intercostal nerve block, BSA: body surface area, OP: operation.

The visual analog scale (VAS) scores for each timepoint were not significantly different
between the ESPB and PVB groups. The higher limit of the 95% CI for this difference (1.428 at
PACU, 1.052 at 24 h, 1.176 at 48 h) was within the predefined noninferiority margin of 2 (delta).
The total doses of rescue analgesics (110.24 ± 103.64 vs. 118.40 ± 93.52 MME, p = 0.767), the
number of rescue analgesic events (5.88 ± 1.56 vs. 5.50 ± 1.45, p = 0.361), and satisfaction
scores (3.5 (3.0, 4.0) vs. 4.0 (3.0, 5.0), p = 0.227) were not significantly different between the
two groups (Figure 1). There were no significant differences in the intraoperative dose of
remifentanil or the frequency of hypotension, bradycardia, or pleural puncture that occurred
during the operation after the block (Table 2). The number of patients with moderate (VAS > 3)
or severe (VAS > 6) pain was also similar between the two groups. We continuously identified
the needle-tip position with ultrasound during the block. However, in the PVB-ICNB group,
we recognized the pleural puncture, which was confirmed by the spread of the local analgesics
into the pleura in two cases. The placement of the chest tube after the VATS procedure was
performed as standard of care [11]. In both cases, the chest tube was removed and discharged
without pneumothorax or other complications.

The hemodynamic data, including heart rate and mean arterial blood pressure during
surgery, were also similar between the groups (Figure 2).
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Figure 1. Visual analog scale (VAS) and satisfaction of patients: (a) VAS at PACU; (b) VAS at
24 h postoperatively; (c) VAS at 48 h postoperatively; (d) Satisfaction scores of patients. PACU:
postanesthetic care unit, PVB: paravertebral block, ESPB: erector spinae plane block, ICNB: intercostal
nerve block.

Table 2. Outcome measures.

PVB-ICNB (n = 26) ESPB-ICNB (n = 26) 95% CI p-Value

Primary Endpoint
VAS PACU 2.0 (1.8, 5.3) 2.0 (2.0, 4.0) (−0.890, 1.428) 0.970
VAS 24 h 2.0 (0.8, 3.0) 2.0 (1.0, 3.5) (−1.283, 1.052) 0.993
VAS 48 h 1.0 (0.0, 3.5) 1.0 (0.0, 5.0) (−1.637, 1.176) 0.985

Above Moderate Pain (VAS > 3)
VAS PACU 8 (30.8) 7 (26.9) 0.762
VAS 24 h 5 (19.2) 6 (23.1) 0.737
VAS 48 h 6 (23.1) 8 (30.8) 0.536

Above Severe Pain (VAS > 6)
VAS PACU 4 (15.4) 2 (7.7) 0.390
VAS 24 h 1 (3.8) 2 (7.7) 0.556
VAS 48 h 1 (3.8) 2 (7.7) 0.556

Secondary Endpoints
Rescue Analgesics (MME) 110.24 ± 103.64 118.40 ± 93.52 0.767

Number of Rescue Analgesic Events 5.88 ± 1.56 5.50 ± 1.45 0.361
Satisfaction of Patients 3.5 (3.0, 4.0) 4.0 (3.0, 5.0) 0.227

Remifentanil (μg) 511.62 ± 205.51 547.42 ± 224.35 0.551
Antiemetics

Dose 1.59 ± 0.63 1.44 ± 0.67 0.408
Hypotension 2 (7.7) 4 (15.4) 0.390
Bradycardia 0 (0) 2 (3.8) 0.153

Pleural Puncture 2 (3.8) 0 (0) 0.153
Hospital Day 9.04 ± 4.20 9.27 ± 3.77 0.836

Values are displayed as the mean ± SD, n (%), or median (interquartile range). The pain score was assessed
using a visual analog scale (VAS) (0 = no pain, 10 = worst imaginable pain). The rescue analgesic requirement
was calculated in morphine milligram equivalents (MME). The satisfaction score was assessed using a five-point
numerical scale (1 = extremely dissatisfied, 5 = extremely satisfied). VAS: visual analog scale, PACU: postanesthetic
care unit, PVB: paravertebral block, ESPB: erector spinae plane block, ICNB: intercostal nerve block, SD: standard
deviation, CI: confidence interval.
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Figure 2. Hemodynamic data: (a) Heart rate; (b) Mean arterial pressure.

4. Discussion

The results of the present trial suggest that ESPB was not inferior in analgesic efficacy
to PVB when combined with ICNB for attenuating surgery-related pain. Moreover, this
combination block was similar in terms of patient satisfaction, analgesic requirement, and
the frequency of hemodynamic perturbations. In addition, although the difference was not
significant, pleural puncture was absent in the ESPB-ICNB group but present in two cases
in the PVB-ICNB group.

VATS is a minimally invasive procedure that results in minimal tissue trauma. Never-
theless, it also causes significant and intense acute pain, which may lead to post-thoracotomy
pain syndrome [12]. The scope manipulation and use of rib retractors in VATS may cause
intercostal nerve injury [13]. In addition, multiple muscle incisions and pleural irritation
from chest tubes can cause moderate to severe pain [1].

TEB has long been the standard procedure for pain control after thoracotomy. However,
side effects such as hypotension, bradycardia, and pruritus are common, and analgesic failure
often occurs because of an incorrect target position. In addition, catastrophic side effects, such
as epidural hematoma, require close attention [14]. A previous meta-analysis showed that
PVB has an equipotent analgesic effect after thoracotomy compared with TEB [15]. However,
the paravertebral space is narrow, and pleural puncture risks are possible [16].

ESPB involves the injection of local anesthetics into the fascial plane between the trans-
verse process and erector spinae muscle [17]. In the case of VATS, the ports are positioned in
the intercostal space of the mid-clavicular and post-scapular line, and an incision measuring
4–5 cm is positioned in the mid-axillary line [18]. Mostly, the intercostal nerves originating
from the anterior rami of spinal nerves are responsible for sensory innervation [19]. However,
since adjacent nerves branch out and perform various anastomoses with each other, sensory
innervation is not well-associated with the segment level [20]. Therefore, it is important that
the analgesics spread not only to the pathway of the intercostal nerve but also to adjacent
segments. A previous literature review reported that the injectates spread to the ventral rami
in 13 out of 16 cadaveric studies and to the paravertebral space in 12 studies through the
thoracic ESPB. In all 16 studies, craniocaudal spread over three levels was observed [21]. In
previous analyses, ESPB showed comparable efficacy to PVB in terms of opioid consumption
and pain scores [22,23]. Controversial results indicating that PVB is superior to ESPB in terms
of pain scores and opioid consumption have been reported [7,24].

Although there is no consensus on the analgesic effect, ESPB has several advantages
over PVB. Firstly, it is technically easier to contact the transverse process than it is to
fix a needle tip in the relatively narrow paravertebral space. Therefore, high skill is not
required for the practitioners, and the difference in efficacy was shown to be little among
the practitioners [19]. Moreover, since the paravertebral space is adjacent to the pleura, the
puncture risk in PVB is higher than that in ESPB [19]. Thirdly, in terms of anticoagulation,
ESPB has an advantage over PVB, which is considered a neuraxial block. Furthermore, the
paravertebral space is a noncompressible area, but the target of the ESPB is compressible.

118



J. Clin. Med. 2022, 11, 5452

However, unpredictable spread of injectates in ESPB was reported in some trials [25,26].
Therefore, the use of ICNB in conjunction with ESPB may enhance the analgesic effect.
ICNB can be easily performed without complications while directly observing the spread.
However, PVB provides better analgesic efficacy than ICNB [27]. In the present study,
single ESPB combined with ICNB was not inferior to PVB combined with ICNB in terms of
analgesic efficacy and opioid consumption. This combination block can be an effective and
safe option to control pain after thoracoscopic surgery.

Our study had several limitations. Firstly, the analgesic effect was compared using
a subjective index. However, there is no objective indicator that measures the pain index,
and several previous trials have used the NRS as an effective tool for evaluating analgesic
efficacy [28,29]. Secondly, we did not study patients for a long duration. According to the
literature, moderate to severe pain is maintained postoperatively in approximately 10% of
patients at 52 weeks [30]. Therefore, if we evaluated the patients for a longer period, the
analgesic efficacy between the groups might have been better exhibited. Thirdly, our single-
center setting and small sample size may have been insufficient for validating the secondary
endpoints of the study. Fourthly, since both procedures were performed under general
anesthesia, examination of the dermatomal level for analgesia, such as the pinprick test,
could not be performed. Fifthly, the total dose and number of rescue analgesics exceeded
those commonly used in VATS. This may have been a confounding factor in comparing the
efficacy between the groups. However, in the previous study, 56% of patients complained
of moderate to severe pain when only intravenous PCA was used [31]. Reducing the
prevalence of moderate to severe pain and the VAS pain score in the present study showed
the advantage of the combined block in both groups. Lastly, we did not include a control
group of patients that only received ICNB. Therefore, it is difficult to determine to what
extent the combination of regional block techniques in VATS is really advantageous.

In conclusion, the present study is the first trial to compare the effects of ESPB and
PVB with ICNB. Both groups provided an adequate analgesic effect in VATS. However,
compared to PVB, ESPB is easier to implement and has advantages in terms of safety due
to no adjacent vulnerable structures. The present study provided evidence that ESPB with
ICNB may be an efficacious analgesic option in VATS.
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Abstract: Background: The most effective strategy for managing cancer pain remotely should be
better defined. There is a need to identify those patients who require increased attention and
calibrated follow-up programs. Methods: Machine learning (ML) models were developed using
the data prospectively obtained from a single-center program of telemedicine-based cancer pain
management. These models included random forest (RF), gradient boosting machine (GBM), artificial
neural network (ANN), and the LASSO–RIDGE algorithm. Thirteen demographic, social, clinical,
and therapeutic variables were adopted to define the conditions that can affect the number of
teleconsultations. After ML validation, the risk analysis for more than one remote consultation was
assessed in target individuals. Results: The data from 158 patients were collected. In the training set,
the accuracy was about 95% and 98% for ANN and RF, respectively. Nevertheless, the best accuracy
on the test set was obtained with RF (70%). The ML-based simulations showed that young age (<55
years), lung cancer, and occurrence of breakthrough cancer pain help to predict the number of remote
consultations. Elderly patients (>75 years) with bone metastases may require more telemedicine-
based clinical evaluations. Conclusion: ML-based analyses may enable clinicians to identify the best
model for predicting the need for more remote consultations. It could be useful for calibrating care
interventions and resource allocation.

Keywords: telemedicine; telehealth; teleconsultations; predictive models; machine learning; cancer
pain; random forest; gradient boosting machine; artificial neural network; LASSO–RIDGE algorithm

1. Introduction

Managing cancer-related pain typically requires a complex and multimodal approach [1].
One of the main challenges concerns the development of a useful pathway for addressing
the multiple problems that can occur during the disease course [2–4].

Given that a model of care based on face-to-face visits requires an important com-
mitment of resources, innovative strategies must be evaluated. Telemedicine may offer
a variety of applications to re-evaluate pathways of care, including cancer pain manage-
ment [5]. In this context, telemedicine-based strategies can have a paramount economic and
organizational impact on healthcare systems [6], enhancing the quality of the care provided.
A recent evidence-based analysis demonstrated that eHealth interventions are effective
in improving pain management [7]. Although during the COVID-19 pandemic, different
telemedicine approaches have been proposed [8], there is a need for establishing pathways
that are valid beyond the emergency and routinely applied to clinical practice [9,10].

On the other hand, lacking the literature data from large-scale clinical experiences and
precise directives from scientific societies, it is difficult to establish a model that provides
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for the integration of telemedicine in the treatment process. Consequently, a proper strategy
for the management of cancer pain through telemedicine should be fully designed.

The use of predictive models represents an important opportunity in medicine. The
benefits of artificial intelligence (AI) and its branches such as machine learning (ML) are
intended to enhance patient care, but also involve organizational processes and healthcare
systems [11]. In the planning of care pathways, AI represents a valuable helpful resource to
improve hospital workflows, identifying the activities that require priority and providing
an adequate service to the patient’s needs. Recently, for example, it was demonstrated that
AI strategies such as natural language processing models can be a reliable guide to trigger
early access for uncontrolled pain and other symptoms in palliative care [12].

In a recent cross-sectional investigation, we proposed a model of care and evaluated
adherence to the telemedicine pathway [13]. This “hybrid” model provides for scheduled
remote visits, but the patient can require other consultations. Additionally, in-person access
is provided for emergencies or for diagnostic or clinical aims. For each patient, the number
of telemedicine visits can vary depending on an unspecified number of reasons, and we
have noticed that some patients required a greater number of remote consultations. On
these premises, the purpose of this study is the development of data-driven predictive
models for identifying those patients who may require more remote consultations. In the
context of precision medicine for cancer pain management, we implemented ML algorithms
to better customize treatment strategies. As pieces of evidence are needed to establish the
most appropriate telemedicine pathways, the recognition of those patients who require a
greater number of remote visits can stimulate the planning of ad hoc processes for managing
multiple care needs and calibrating resource allocation.

2. Materials and Methods

2.1. Study Population

The study population included adult patients treated for cancer pain at the Istituto
Nazionale Tumori, Fondazione Pascale, Italy.

A hybrid model of care was implemented. After the first in-person visit for a complete
clinical and instrumental evaluation and for addressing legal and regulatory issues (consent
acquisition), data collection, and training, a synchronous real-time video consultation was
scheduled according to the clinical need. Further remote controls were programmed or
required by the patients. Moreover, face-to-face visits were allowed to carry out minimally
invasive procedures, for diagnosis, acute clinical motivations (e.g., drug side effects), or if
requested by the patient [13].

The local Medical Ethics Committee approved this study (protocol code 41/20 Oss;
date of approval, 26 November 2020), and all patients provided written informed consent.
The investigation was conducted in accordance with the Declaration of Helsinki.

2.2. Data Collection

For each patient, 13 demographic, clinical, and therapeutic variables were collected
to investigate the potential causes that may affect the number of remote consultations
(Table 1). All the data were reported on a prospectively filled database and then registered
on Zenodo [14]. The duration of the study was considered the time interval between the
first and last remote consultations. The death of the patient and the occurrence of in-person
visits or hospitalization were assumed as the conditions for the end of the observation
period for data acquisition. The lack of further remote consultations for a two-month period
was another condition for considering the observation closed.

The univariate analysis was performed to detect the main associations of selected
features with the outcome variable (remote consultations: one or more).
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Table 1. Data collection and variables.

Data Collected Variable(s)

Demographic and Social Information

Age
Gender

Working status (Y/N)
Living with a partner * (Y/N)

Education level

Clinical Data
Type of primary tumor

Bone metastases
ECOG-PS

Pain Therapy

MED
Drugs for NP

ROOs
PAMORAs

IV-Morphine

Remote Visits Number
Abbreviations: ECOG-PS, Eastern Cooperative Oncology Group Performance Status; MED, morphine-equivalent
dose; NP, neuropathic pain; ROOs, rapid-onset opioids; PAMORAs, peripherally acting μ-opioid receptor
antagonists; IV-Morphine, intravenous morphine. Legend: * including cohabitation and marriage.

2.3. Predictive Analysis
2.3.1. Preprocessing and Exploratory Data Analysis

After the loading, normalization, and standardization of the dataset (preparation
process or preprocessing), as well as an exploratory data analysis aimed at discovering trends,
the variables were selected. The expectation–maximization (EM) algorithm was used for the
imputation of the missing data [15]. To facilitate model implementations and the interpretation
of results, three age groups were obtained by categorizing the variable “age”: ≤55 years old
(called “younger patients”), 56–75 years old, and >75 years old (“older patients”).

2.3.2. Machine Learning Algorithms

Four ML-based algorithms were adopted as follows:

• LASSO–RIDGE regression (elastic model): This is a generalized linear regression
model that penalizes a loss function through regressor resizing (16 in all). Most of them
are made small or led to zero if not important to explain the dependent variable. This
approach reduces model complexity and prevents the over-fitting phenomena [16];

• Random forest (RF) algorithm: This algorithm can be used for both regression and
classification. It is one of the most popular ML methods, belonging to the specific
category of bagging methods. RF works on various overall models (decision trees)
to improve the performance of each of them individually. The output is the whole
contribution from all of them [17];

• Gradient boosting machine (GBM) is aimed at optimizing previsions by operating
on the previous tree regression or classification error and reducing the error function
(boosting method). In this way, the succeeding one can improve the prevision skills let
by its preceding tree [18];

• Single hidden layer artificial neural network (ANN): This strategy can minimize a loss
function by acting on some weights which tune connections between two neurons of
two adjoining layers [19].

We chose these four ML-based prediction models for implementing different methods
for regression or classification, such as bagging and boosting (RF and GMB, for additive re-
gression models), and a strong learning method to compare different numerical approaches
(LASSO–RIDGE, a binary regression model); ANN is one of the function algorithms that
are largely used for classification (and regression) problems.
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2.3.3. Model Processing and Evaluation

Since a predictive analysis was performed in order to predict which cancer patient
should need to have more than one remote consultation, the outcome variable was “the
number of remote consultations” as dichotomized. Each classifier was optimized by
repeated cross-validation (RCV) methods to focus on the best guess through the K-fold
mean error calculus and to determine the hyperparameters that support the best guess
and identify its structure. The sample was split into a training set (80% of the total size) to
identify the hyperparameters and a test set for testing the models (20% of the total size).

A wide choice of hyperparameters was given to every algorithm to finally evaluate
the best performance. In particular, each combination of hyperparameters was inserted
as input for the algorithm. An 8-fold 5-repeated cross-validation method was adopted to
find the best one, so the dataset was divided into 8 parts (20 individuals for any time),
and the training and test parts were performed for each combination and for 5 times; the
misclassification error rate was calculated upon 5 attempts (for a more precise managing of
results). For each algorithm, the following features were applied:

• GBM: The number of sequential trees from 20 to 100 by 10, tree depth from 2 to
5 shrinkage parameter (regularizing the error function) from 0.01 to 0.1 by 0.01, and a
minimum observation-in-a-leaf from 10 to 20 for a total of 3960 were assessed;

• RF: Only the number of splitting variables was required, which was from 3 to 13;
• LASSO–RIDGE: Regression alpha and beta were, respectively, given as from 0 to 1 by

0.05 and 0 to 10 by 0.1, for a total of 2121 trials;
• ANN: This layer was made from 1 to 12 neurons and the decay (a regularization

parameter to avoid the over-fitting of weights) ranged from 0.01 to 0.2 by 0.01, for a
total of 240 trials.

Comparations were assessed through these models by calculating the accuracy and
area under the receiver operating characteristic (ROC) curve (AUC). The AUC represents the
sensibility (i.e., TP/(TP+FN)) and 1-specificity (1-FP/(TN+FP)) ratio. The AUC can easily
be approximated with the measure of accuracy in the case of equidistribution between
the modalities of the employee, but it is also suitable for solving problems of poorly
distributed modalities. Each member is comparable to the observed value conditional
correct classification rates, respectively. In other words, the AUC is equivalent to the
probability that a random positive response is classified with respect to a random negative
one. Another adopted goodness-of-prevision statistic parameter was the F1 score:

F1 = 2 * (precision * recall)/(precision + recall) (1)

This measure considers the precision and recall of the test; precision is the number of
true positives divided by the number of all the positive results, while recall is the number
of true positives divided by the number of all the tests that should have been positive
(i.e., true positives plus false negatives). The values of F1 scores range from 0 to 1.

Finally, Mathew’s correlation coefficients (MCC) were calculated (from the confusion
matrix) for each model, for obtaining a broad view of their predictive power and robustness
(TP, true positive; TN, true negative; FP, false positive; FN, false negative):

MCC =
TP ∗ TN − FP ∗ FN√

(TP + FP)(TP + FN)(TN + FP)(TN + FN)
(2)

2.3.4. Risk Analysis

Based on the ML processes, the risk analysis for an increased number (>1) of remote
consultations was assessed. We used an odds-ratio-like analysis that we indicated as the
simulated odds ratios (SORs). Simulations were assessed in order to evaluate the risk of
more consultations in target individuals. In particular, approximately 500 simulations were
performed 150 times for creating a classification rate for the cases (target individuals) and
control individuals. Subsequently, we calculated the odds ratio as the ratio of the effective
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odds for each individual typology and 95% credibility intervals (95% CIs) as the effective
2.5 and 97.5 percentiles for the SOR samples. Although wide possibilities were possible,
the following four standard clinical conditions (targets) were established:

• Condition 1: Young patients (≤55 years old) with bone metastases and rapid-acting
oral and nasal transmucosal fentanyl formulation (ROO) use (morphine-equivalent
dose, MED > 60 mg) for breakthrough cancer pain (BTcP);

• Condition 2: Older cancer patients (>75 years old), with and without bone metastases;
• Condition 3:Male and female young patients (≤55 years old) with bone metastases;
• Condition 4: Younger (≤55 years old) vs. older (>75 years old) patients with bone

metastases with gender differences.

2.4. Algorithmic Toolkit

The data were analyzed using the R software version 4.1.3 (R Core Teams, R Founda-
tion for Statistical Computing, Vienna, Austria). The toolkit included the mice package [20]
for the imputation of the missing data. Caret was the main suite used for the implemen-
tation (creation, training) and evaluation (testing) of the classifiers [21]. Moreover, purr,
pROC, and pRROC [22] were adopted for the construction and visualization of the ROC
curves. The graphics packages included ggplot, ggpubr, and cowplot.

3. Results

A total of 267 patients were evaluated for cancer pain management through remote
consultations between March 2021 and February 2022. Of these patients, 109 were excluded
for not being available or having incomplete data; finally, the data from 158 patients were
used for the descriptive and predictive analyses (Figure 1).

Figure 1. Flowchart of the study. Abbreviations: ML, machine learning; ECOG-PS, Eastern Coopera-
tive Oncology Group Performance Status; MED, morphine-equivalent dose; PAMORAs, peripherally
acting μ-opioid receptor antagonists; ROOs, rapid-onset opioids; IV-Morphine, intravenous morphine.
Legend: the category “living with a partner” includes cohabitation and marriage.
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3.1. Descriptive Analysis

The median age was 63 years old. Fifty-one percent were female. Just over half of
the patients (53%) had more than one visit. The average number of visits was 2.27, with a
standard deviation of 2.05 (Table 2).

The reasons for interruption of the telemedicine pathway (dropouts) were the patient’s
death (n = 63, 39.9%), the need for an invasive procedure (n = 15, 9.5%) or an in-person clin-
ical assessment (n = 14, 8.9%). Six patients (3.8%) requested an in-person visit. Unplanned
hospital admissions occurred in seven patients (4.4%). About a third of the patients (n = 53,
33.5%) were not evaluated (in person or remotely) for at least two months. These patients
were contacted (email and telephone), and about half (n = 28) did not provide an answer;
the remainder (n = 25) said they did not need further visits for cancer pain (Figure 2).

The univariate analysis was performed for evaluating the differences between the
cohort of patients who underwent one remote consultation and those who received more
telemedicine evaluations (Table 3).

 
Figure 2. Reasons for interruption of the telemedicine pathway (n = 158).

3.2. Predictive Analysis

Table 4 summarizes the results of the implemented ML methods. In our analyses, the
accuracy, that is the proportion of the well-ranked parameters, relative to the training set,
reached almost 100% for the RF and ANN algorithms. Nevertheless, the accuracy of the
ANN on the test set was reduced by almost 50 percentage points. By contrast, RF showed an
acceptable classification level (70% accuracy in the test) (p = 0.05) with an F1 score of 0.71.

The overall performance of a classifier, summarized over all the possible thresholds, is
given by the area under the ROC curve (AUC). An ideal ROC curve will hug the top left
corner: the larger the area under the curve, the better the classifier. Reducing the false-positive
rate (FPR) and, at the same time, increasing the true-negative rate (TNR) is like finding a
trade-off cut point between the error rates. A classifier that performs worse than a random
classification has an AUC statistic of 0.5. Thus, an AUC value closer to 1 indicates a more
adequate classification and a lower level of error: Its value is theoretically almost 1 as it is
built. The AUC performances of the considered classifiers are reported in Figure 3.
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Table 2. Data from the considered variables.

Variable n = 158 *

Age (years)
Mean (SD) 63 (13)

Median (IQR) 65 (55, 72)
Class of Age (years old)

≤55 43 (27%)
56–75 86 (54%)
>75 29 (18%)

Gender
Female 81 (51%)
Male 77 (49%)

Working Status (n = 153)
Not Working 110 (72%)

Working 43 (28%)
Education Level (n = 146)

Secondary School 41 (28%)
High School 68 (47%)

Bachelor’s or Higher Degrees 37 (25%)
Living with a Partner (n = 153)

Yes 107 (70%)
No 46 (30%)

Neoplasm
Lung 22 (14%)

Colorectal 39 (25%)
Breast 21 (13%)
Others 76 (48%)

Bone metastases (n = 156)
No 72 (46%)
Yes 84 (54%)

ECOG-PS
ECOG-PS <3 84 (53%)
ECOG-PS = 3 74 (47%)

MED
≤60 mg 64 (41%)
>60 mg 94 (59%)

Assuming ROOs
No 114 (72%)
Yes 44 (28%)

Assuming PAMORAs
No 125 (79%)
Yes 33 (21%)

Assuming drugs for NP
No 78 (49%)
Yes 80 (51%)

Assuming IV-morphine
No 146 (92%)
Yes 12 (7.6%)

Remote consultations (n = 158)
Mean (SD) 2.27 (2.05)

Median (IQR) 2 (1, 3)
Min–Max for Patient 1–16

Remote consultations (categories)
1 74 (47%)

>1 84 (53%)
Abbreviations: * n (%); ECOG-PS, Eastern Cooperative Oncology Group Performance Status; MED, morphine-
equivalent dose; ROOs, rapid-onset opioids; PAMORAs, peripherally acting μ-opioid receptor antagonists; NP,
neuropathic pain; IV-Morphine, intravenous morphine.
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Table 3. Univariate analysis for data exploration.

Remote Consultations

Variable one, n = 74 * ≥2, n = 84 * p-value ˆ

Age (years) 0.019
n 74 84

Mean (SD) 65 (13) 61 (13)
Median (IQR) 68 (57, 75) 62 (53, 70)

Class of Age (years
old) 0.030

≤55 13 (18%) 30 (36%)
56–75 44 (59%) 42 (50%)
>75 17 (23%) 12 (14%)

Gender 0.537
Female 36 (49%) 45 (54%)
Male 38 (51%) 39 (46%)

Working Status 0.987
No 51 (72%) 59 (72%)
Yes 20 (28%) 23 (28%)

(Missing) 3 2
Education Level 0.374

Secondary School 22 (33%) 19 (24%)
High School 31 (46%) 37 (47%)
Graduation 14 (21%) 23 (29%)
(Missing) 7 5

Cohabiting/Marriage 0.711
Yes 50 (71%) 57 (69%)
No 20 (29%) 26 (31%)

(Missing) 4 1
Cancer Type 0.516

Lung 8 (11%) 14 (17%)
Colorectal 19 (26%) 20 (24%)

Breast 8 (11%) 13 (15%)
Others 39 (53%) 37 (44%)

Bone Metastases 0.458
No 36 (49%) 36 (43%)
Yes 37 (51%) 47 (57%)

(Missing) 1 1
ECOG-PS 0.396

<3 42 (57%) 42 (50%)
=3 32 (43%) 42 (50%)

MED
<60 mg 33 (45%) 31 (37%)
>60 mg 41 (55%) 53 (63%)

Assuming ROOs 0.829
No 54 (73%) 60 (71%)
Yes 20 (27%) 24 (29%)

Assuming PAMORA 0.831
No 58 (78%) 67 (80%)
Yes 16 (22%) 17 (20%)

Assuming anti-NP
Drugs 0.269

No 40 (54%) 38 (45%)
Yes 34 (46%) 46 (55%)

Assuming
IV-Morphine 0.115

No 71 (96%) 75 (89%)
Yes 3 (4.1%) 9 (11%)

Legend: * n (%); ˆ Wilcoxon rank-sum test; Pearson’s chi-squared test; significance at 95%. Abbreviations:
ECOG-PS, Eastern Cooperative Oncology Group Performance Status; MED, morphine-equivalent dose; ROOs,
rapid-onset opioids; PAMORAs, peripherally acting μ-opioid receptor antagonists; NP, neuropathic pain; IV-
Morphine, intravenous morphine.
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Table 4. Performance comparison of the different classifiers for the developed machine learning models.

Classifier AUC ACC (tr)
ACC
(tst)

L U p Sens
(tst)

Spec
(tst)

F1 Score MCC

GBM 0.59 0.58 0.5 0.31 0.69 0.71 0.69 0.29 0.59 −0.03
RF 0.98 1 0.7 0.51 0.85 0.05 0.69 0.71 0.71 0.40

LASSO 0.5 0.53 0.53 0.34 0.72 0.57 1 0 0.7 -
ANN 0.95 1 0.57 0.37 0.75 0.43 0.5 0.64 0.55 0.14

Abbreviations: GBM, gradient boosting machine; RF, random forest; LASSO, LASSO–RIDGE regression; ANN,
artificial neural network; AUC, area under the receiver operating characteristic curve; ACC (tr), accuracy on
training; ACC (tst), accuracy on test set; L and U, 95%CI lower and upper limits of test set accuracy statistic; p,
accuracy on the test set and relative test for significance; Sens (tst), sensibility on the test; Spec (tst), specificity on
the test. MCC, Mathew’s Correlation Coefficient.

Figure 3. The area under the receiver operating characteristic (ROC) curve (AUC) of the considered
models. False-positive rate (fpr) and true-negative rate (tpr) were considered. The plot shows the ROC
curves calculated for each classifier over the entire dataset. RF and NN offer the best performance.
Abbreviations: LASSO, LASSO–RIDGE regression; GBM, gradient boosting machine; ANN, artificial
neural network; RF, random forest.

The confusion matrix for the two best models (RF and ANN) during the training phase
is shown in Table 5.

Table 5. Comparison (confusion matrix) for the two best models.

RF ANN

One ≥2 One ≥2
One 10 5 9 8
≥ 2 4 11 5 8

Legend: one or more consultations were considered. Abbreviations: RF, random forest; ANN, artificial
neural network.

3.3. Risk Analysis

The model with the best performance (i.e., RF) was implemented for assessing the risk
analysis in different scenarios.
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Condition 1: We calculated the risk of having repeated remote consultations for dif-
ferent cancer types. The other features were kept as randomly chosen. For those with
lung neoplasm, there was a probability of 93.4% (92.6%, 94.2%) to receive multiple con-
sultations and a higher risk (+172.2%, 95% CI = +70%, +301.1%) than cancer patients
with no bone metastases; for those patients with colorectal neoplasm, the percentage was
88.8% (88%, 89.7%), and this risk was +92.2% (95%CI = +40.4%, +156.4%). For those af-
fected by other cancers, the percentage was 71.9% (70.6%, 73.3%), and the risk was +55.5%
(95%CI = +19.2%, +106.9%). For breast neoplasm with bone metastases, 90.1%
(89.2%, 91.2%) of the patients were predicted to have multiple consultations, and +90.6%
(95%CI = +32.5%, +158%) was their predicted risk for multiple consultations, compared
with those without bone metastasis (Figure 4).

 
Figure 4. Simulation 1 refers to simulated odds ratios (SORs); percentages are labeled. This was
performed for young patients (≤55 years old) with bone metastases and ROO use and young pa-
tients with bone metastases vs. those with no bone metastases. SORs for lung cancer were 2.72
(95%CI = 1.70–4.01); colorectal cancer 1.92 (95%CI = 1.40–2.56); other cancers 1.55 (95%CI = 1.19–2.07);
breast cancer 1.91 (95%CI = 1.32, 2.58).

Condition 2: The same analysis was performed for older cancer patients (>75 years
old), with and without bone metastases. For those patients affected by lung neoplasm, the
risk for multiple remote consultations was 4.4 times (+335.5%, 95%CI = +209%, +529.6%)
more than those with no bone metastasis, 2.9 times (+189.4%, 95%CI = +117.6%, +276.9%) for
colorectal neoplasm, and 4.6 times (+357.9%, 95%CI = +252.6%, +495.5%) for other types of
cancer. The expected probabilities were 88.7% (87.6%, 89.6%) for lung cancer, 82.9% (81.6%,
84%) for colorectal cancer, and 69.4% (68.0%, 70.8%) for other cancers. For those with breast
neoplasm with bone metastasis, the simulated percentage of multiple remote consultations
was 88.7% (87.8%, 89.6%) with a higher risk (+82.3%, 95%CI = +31.6%, +146.8%) of multiple
remote evaluations than those without bone metastases (Figure 5).

Condition 3: The model demonstrated that male cancer patients can have an 11 times
higher risk to receive multiple remote consultations than female cancer patients. The
SORs were 11.3 (95%CI = 4.6, 24.1) for lung neoplasm and 11.1 (95%CI = 5.9, 20.6) for
colorectal neoplasm. No statistical significance was found for other cancers (SOR = 0.97,
95%CI = 0.76, 1.23) (Figure 6).
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Figure 5. Simulation 2 refers to simulated odds ratios (SORs); percentages are labeled. This was per-
formed for older patients (>75 years old) with bone metastases vs. patients without bone metastases.
SORs for lung cancer were 4.35 (95%CI = 3.90–6.30); colorectal cancer 2.89 (95%CI = 2.18–3.77); other
cancers 4.58 (95%CI = 3.53–5.95); breast cancer 1.82 (95%CI = 1.32, 2.47).

 

Figure 6. Simulation 3 refers to simulated odds ratios (SORs); percentages are labeled. It was
performed for young individuals (≤55 years old) with bone metastases: male vs. female SORs. Young
male patients had a significantly higher risk to receive multiple remote consultations when affected
by lung cancer (SOR = 11.30, 95%CI = 4.60, 24.10) and colorectal cancer (SOR = 11.1, 95%CI = 5.90,
20.60). No statistical significance was found for other cancers (SOR = 0.97, 95%CI = 0.76, 1.23).

Condition 4: An overall higher risk of having multiple telemedicine visits was
found for young cancer patients than for male cancer patients, with SORs of +88.9%
(95%CI = +16%, +182%) for lung cancer; +70.1% (95%CI = +24.1%, +143.3%) for colorectal
cancer; and +16.5% (95%CI = −0.9%, +51.9%) for other cancers. Compared with older
patients, for young female breast cancer patients, no significant risk was found (+19.5%,
95%CI = −20%, +65.2%) (Figure 7).
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Figure 7. Simulation 4 refers to simulated odds ratios (SORs); percentages are labeled. This was
performed for younger vs. older patients with bone metastases. Young patients had a significantly
higher risk to receive multiple remote consultations for lung cancer. SORs were 1.89, 95%CI = 1.16, 2.82
for lung cancer and 1.70, 95%CI = 1.24, 2.43 for colorectal cancer. No statistical significance was found
for other cancers (SOR = 1.16, 95%CI = 0.91, 1.52) and breast cancer (SOR = 1.19, 95%CI = 0.80, 1.65).

4. Discussion

In the setting of patients suffering from cancer pain, the applications of telemedicine
strategies can enhance the effectiveness of clinical management [13] and lead to the opti-
mization of resources [23]. Nevertheless, despite the growing use of telehealth methods,
scientific evidence is still scarce to design care pathways.

Previously, we evaluated patient satisfaction with telemedicine and found high sat-
isfaction rates with the care provided and the platform used. The dropout from the
telemedicine pathway was investigated, and we found that approximately 10% of patients
leave the telemedicine process due to unplanned clinic or hospital readmission or the need
for non-pharmacological treatments [13]. Therefore, in this clinical setting, the development
of telemedicine-based programs must consider multiple factors. The proposed model of
care provides for a variable number of telemedicine visits by combining scheduled con-
sultations and patient requests. In-person visits can be required to carry out minimally
invasive procedures, diagnoses, or for other purposes. Furthermore, access to the hospital
is provided for acute clinical conditions. Nevertheless, by following this approach, clinical
practice has suggested that the careful planning of controls and the design of a safety
pathway is a fundamental preliminary phase for validating our telemedicine-based model
of care. The aim is to design a model of care that is generalizable while guaranteeing a
patient-centered treatment.

In the clinical practice through telemedicine, we observed that many cancer patients
had just one consultation. However, some individuals required a large number of closely
remote visits. Consequently, we decided to evaluate the typology of cancer patients who
may require more than one remote consultation. We searched for a more suitable strategy
useful for achieving internal and external validation and translating the chosen model into
the clinic [24]. For this aim, we adopted different ML models and decided to categorize
the number of remote consultations as “one” or “more than one” remote consultation.
Furthermore, the prediction of the number of remote consultations for new patients can
involve several practical implications, including the design of personalized paths and
optimal resource allocation. An increased number of remote consultations for cancer
pain management may also reflect on ad hoc public or private healthcare/insurance health
programs. For example, in Italy, the Ministry of Health released guidelines for the provision
of telemedicine services, stimulating the design of paths for different care needs [25].
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In ML analyses, preprocessing and exploratory data analysis (EDA) are the key el-
ements of the process and take a large part of the time used for the whole analysis. The
variable analysis is a crucial point for the modeling: It is part of the data quality and has a
significant influence on the model’s predictive power, robustness, and confidence. During
these phases, it emerged that the variable “age” offered useful information for the model
construction and understanding. This variable was categorized into three age groups
(younger, mean age, and older patients). Consequently, in the univariate analysis, it was
found that younger patients underwent more visits (p = 0.03). These data were used in the
predictive analysis (simulations) for assessing, in target individuals, the risk of having mul-
tiple remote consultations. For example, the application of the chosen model (RF) showed
that younger patients (≤55 years old) with bone metastases and ROO administration for
BTcP treatment have an increased risk for more consultations, especially if affected by lung
cancer. These data confirm what we previously highlighted in an analysis focused on the
BTcP phenomenon. In a hierarchical classification, the worst phenotype of cancer pain
patients was characterized by the presence of BTcP, younger age, and lung cancer [26].

In patients of advanced age (>75 years), the variable “bone metastasis” affected the
prediction of the number of visits. Although this finding was confirmed above all for lung
cancer, it concerns all cancer types. The combination of age and bone metastases identifies
a particular class of fragile patients. These patients should be given greater attention by
planning closer evaluations, also through telehealth strategies.

Male and female young patients (≤55 years old) with bone metastases were evaluated
for their risk of needing multiple remote visits. The RF model showed that male patients
had an 11 times higher risk to need multiple remote consultations for pain management
than female patients, especially for lung and colorectal cancers. These data must be
interpreted very carefully and not only based on the possible gender/age differences in
pain perception [27]. This is probably due to the low sample size. The ongoing creation
of a larger dataset will allow us to carry out multivariate analyses and define whether
other variables such as the differences in the type and stage of the tumor, the impact
of the disease on functionality, psychosocial aspects, any comorbidities, as well as the
associated anticancer therapies, may influence the data. Based on the results of this
predictive analysis, we will develop more accurate pathways for addressing the multiple
management problems of cancer pain. The proposed model of care, in fact, also provides for
a multidisciplinary approach with the simultaneous involvement of different professionals,
such as psychologists, physical therapists, surgeons, general practitioners, etc.

This study has several limitations. The small size of the dataset is the most important
limitation. With a higher sample size, some variables could be more representative within
the predictive processes. Nevertheless, since not many predictors were present in the
models, analyses could be performed despite the limited number of patients.

Numerical variables contain more information than their categorial transformations.
For example, the ROO variable could be used as discrete. For these reasons, we chose to
categorize the cancer patients’ age into three categories (younger, middle-aged, and elderly
patients). Another important limitation concerns the number of consultations per patient
who is squeezed into the unit. Therefore, with a different distribution and the variables
kept as numerical, better results would have been obtained.

The variables we adopted reflect our clinical practice. For example, although several
opioids can be used for BTcP management [28], we usually prefer ROOs as the formulations
licensed for this aim [29]. Moreover, this set of variables is not exhaustive. In cancer
patients, for example, pain may not come from bone metastasis but often derives from
invasion or abdominal metastasis, such as the peritoneal metastasis of colon cancer, and
other causes. Probably, other variables such as cancer stage (e.g., TNM classification) should
have been considered. In this regard, an improved dataset is planned in terms of its sample
size and features. This will allow us to implement more sophisticated algorithms. The
data from this study, however, can be useful for providing guidance for research in a field
(telemedicine for cancer pain management) that is yet to be fully explored. The intervals
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between remote consultations, the needs for physical examinations, and the approaches for
disease progression, as well as a careful definition of the process of early and simultaneous
palliative care, are just some of the problems to be faced.

The methodological approach used in the simulations (i.e., SORs) has important
potential that the clinician can exploit in predicting the outcome. On the other hand, SORs
and simulations are obviously penalized by the sample size. In our analysis, the comparison
between genders is an example of this gap. We highlight that their interpretation makes a
practical and clinically useful sense if they are assessed through a good classifier.

Finally, we carried out only a few simulations as an example of the application of the
evaluated model. The model, indeed, can be applied to a very large series of combina-
tions of variables. Consequently, upon request, the dataset and model are available for
further investigation.

5. Conclusions

The application of ML in telemedicine for pain management can enable physicians to
make effective, real-time, and data-driven choices. This approach can be a key component
in generating a better patient experience and improving health outcomes. A methodological
approach to predictive analysis has great potential and could allow clinicians to provide
important information to predict the outcome. Despite the important limitations of this
study, in our analysis, the outcome (the number of remote consultations) was influenced by
the selected variables such as the patient’s age, the cancer type, and the occurrence of bone
metastases. Further studies are needed to design and refine this model of care for cancer
pain patients.
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Abstract: Up to 56% of patients develop chronic postsurgical pain (CPSP) after coronary artery bypass
grafting (CABG). CPSP can affect patients’ moods and decrease daily activities. The primary aim of
this study was to investigate CPSP severity in patients following off-pump (OP) CABG using the
Neuropathic Pain Symptom Inventory (NPSI). This was a prospective cohort study conducted in a
cardiac surgery department of a teaching hospital. Patients undergoing OP-CABG were enrolled in
an erector spinae plane block (ESPB) group (n = 27) or a control (CON) group (n = 24). Before the
induction of general anesthesia, ESPB was performed on both sides under ultrasound guidance using
0.375% ropivacaine. The secondary outcomes included cumulative oxycodone consumption, acute
pain intensity, mechanical ventilation time, hospital length of stay, and postoperative complications.
CPSP intensity was lower in the ESPB group than in the CON group 1, 3, and 6 months post-surgery
(p < 0.001). Significant between-group differences were also observed in other outcomes, including
postoperative pain severity, opioid consumption, mechanical ventilation time, and hospital length of
stay, in favor of the ESPB group. Preemptive ESPB appears to decrease the risk of CPSP development
in patients undergoing OP-CABG. Reduced acute pain severity and shorter mechanical ventilation
times and hospital stays should improve patients’ satisfaction and reduce perioperative complications.

Keywords: chronic postoperative pain; erector spinae plane block; coronary artery bypass grafting;
Neuropathic Pain Symptom Inventory

1. Introduction

Coronary artery bypass grafting (CABG) is one of the common types of cardiac surgeries
performed worldwide, with 44 procedures per 100,000 individuals completed annually [1].
Up to 56% of patients develop chronic postsurgical pain (CPSP) after CABG [2,3]. CPSP
following CABG surgery can lower patients’ moods and decrease performance of daily
activities [3]. A Cochrane meta-analysis found that thoracic epidural analgesia (TEA) could
prevent CPSP in patients following thoracic surgery [4]. In our previous study, we showed
that continuous paravertebral block lowered CPSP severity and reduced the incidence of
CPSP after thoracic surgery [5]. However, not much is known about the use of regional
anesthesia techniques in the prevention of CPSP in cardiac surgery.

Erector spinae plane block (ESPB) is a relatively new regional anesthesia technique
described by Forero [6]. In the years since its introduction, ESPB has been used in different
types of surgical procedures, including cardiac surgery [7–9]. In previous research, we
described this type of fascial block in patients undergoing mitral and/or tricuspid valve
repair via a right mini-thoracotomy and off-pump CABG (OP-CABG) [10,11]. However,
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we did not evaluate the incidence of CPSP in the months following patient discharge. This
study aimed to assess the severity and incidence of CPSP in patients undergoing OP-CABG
via sternotomy with preemptive, bilateral ESPB.

2. Materials and Methods

This was a prospective cohort study conducted in a cardiac surgery department of a
teaching hospital. The study protocol was approved by the Bioethics Committee of the Med-
ical University of Lublin, Lublin, Poland (permit number KE-0254/219/2018). Informed
consent was obtained from the patients, and the study was conducted in accordance with
the tenets of the Declaration of Helsinki for medical research involving human subjects.

2.1. Participants

Patients undergoing an OP-CABG procedure were enrolled in an ESPB group or
a control (CON) group. Patients were enrolled consecutively. The same two surgeons
performed each surgery. First, we recruited patients to the CON group, then to the ESPB
group. The inclusion criteria were adult patients (≥18 years) scheduled for elective surgery.
Patients with chronic pain at admission, a history of alcohol or recreational drug abuse,
known bleeding disorders, allergies to the drugs used during the study, antidepressant or
epileptic drug treatment, and chronic use of painkillers were excluded.

2.2. General Anesthesia

For induction of general anesthesia, the following was used: 0.2–0.4 mg/kg of etomi-
date, 2–4 μg/kg of fentanyl, and 0.6 mg of rocuronium. Fentanyl infusion was continued
at a flow of 25–100 μg/hour, and sevoflurane (0.5–1.0 minimal alveolar concentration)
was administered for anesthesia maintenance. The patients received additional doses
of rocuronium every 30–40 min and norepinephrine or nitroglycerine as required. The
physicians who anesthetized the patient adjusted hemodynamic parameters within 25% of
the patient’s baseline using anesthetics and vasopressors.

2.3. Regional Block and Postoperative Care

In the ESPB group, before the induction of general anesthesia, single-shot bilateral
ESPB was performed under ultrasound guidance, as described in our previous stud-
ies [10,11]. On each side, 0.2 mL·kg−1 of 0.375% ropivacaine (Ropimol, Molteni, Italy)
was administered. The total volume of local anesthetic solution did not exceed 40 mL
per patient.

About 20–30 min before the end of the surgery, the patients received 0.1 mg per kg of
oxycodone hydrochloride (up to 10 mg) intravenously (i.v.) and acetaminophen (1.0 g i.v.).
Each patient was then transferred to the Intensive Care Unit (ICU). In each case, extubation
and weaning from mechanical ventilation were performed according to the attending
physician’s discretion. The attending physician measured acute postoperative pain intensity
using the Numerical Rating Scale (NRS, 0–10) immediately after extubation. The attending
nurse then assessed pain severity every 6 h.

The mechanical ventilation time was defined as a period from the end of anesthesia
to extubation. Each patient was transferred to the Intensive Care Unit (ICU). Then, an
attending anesthesiologist assessed the possibility of extubating the patient in the ICU. The
ventilatory settings were continuous positive pressure or pressure support ventilation with
positive end-expiratory pressure below 7 mbar, pressure support below 3 mbar, and the
fraction of inspired oxygen not exceeding 30%. The suggested respiratory parameters for
extubation were respiratory rate below 20/min, tidal volume over 6 mL of the patient’s
ideal body weight, and oxygen saturation (SpO2) > 93%, or similar to the patient’s basal
SpO2 before preoxygenation. The patient’s heart rate and systolic blood pressure should not
have exceeded 25% of the basal measurements obtained before the induction of anesthesia.
Moreover, the patient should have responded to questions addressed by a physician. If
the patient had not been extubated, an attending physician continued ventilation under
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sedation with propofol and fentanyl. The second attempt for extubation was done the next
day. The patient received a bolus of oxycodone (0.1 mg/kg) when sedation was stopped.
Then, the next attempt for extubating was performed.

Standard pain treatment included oxycodone administered i.v. via a patient-controlled
analgesia pump (1 mg/mL, 1 mL bolus, 5 min refraction time). In addition, the patients
received 1.0 g of acetaminophen every 6 h, 100 mg of ketoprofen i.v. twice daily, and
ondansetron i.v. (4 mg twice daily) as nausea and vomiting prophylaxis. In cases of severe
pain (i.e., exceeding 4 on the NRS), the attending nurse was permitted to administer a bolus
of oxycodone (5 mg).

2.4. Persistent Postoperative Pain

For the assessment of persistent postoperative pain, we used the Neuropathic Pain
Symptom Inventory (NPSI) developed by Bouhassira et al. [12], as employed in our previous
studies [13,14]. All patients were interviewed via telephone 1, 3, and 6 months post-surgery.

2.5. Outcomes

The primary outcome was CPSP severity 1, 3, and 6 months surgery. The secondary
outcomes included the cumulative oxycodone dose, acute pain intensity on the NRS,
mechanical ventilation time, hospital length of stay, and postoperative complications.
Patients without NPSI results were excluded from further analysis.

2.6. Statistics

The Student’s t-test was used to analyze parametric data. The data are presented
as means and 95% confidence intervals. Nonparametric data were calculated using the
Mann–Whitney U test and are presented as medians and interquartile ranges. Categorical
variables were analyzed using Fisher’s exact test. Multivariate logistic regression was
used to reveal the parameters that affect CPSP occurrence. The odds ratio (OR) was
used to describe the predictors that were included in the model. The receiver operating
characteristic (ROC) curve was calculated for the best model. All measurements were
performed using Statistica 13.1 software (Stat Soft. Inc., Tulsa, OK, USA).

3. Results

The study was conducted from March 2019 to April 2020. In total, 74 patients were
enrolled. Overall, 23 patients were lost to follow-up. The final study comprised data from
51 patients: 24 in the CON group and 27 in the ESP group (Figure 1). Patient demographics,
time of mechanical ventilation, length of hospital stay, and preoperative results of the ASA
scoring systems are presented in Table 1.

Table 1. Patient demographics.

Parameters ESPB CON p Value

Number of patients 27 24
Male (%) 24 (88.9) 22 (91.7) 1.0

Age (years) 64.7 (62.0–67.4) 67.1 (63.4–70.7) 0.28
Weight (kg) 85.2 (80.4–90.0) 83.7 (77.9–89.4) 0.68
Height (cm) 171.1 (167.7–174.5) 170.6 (167.1–174.1) 0.85

BMI 29.1 (27.8–30.3) 28.6 (27.1–30.1) 0.65
ASA 3 (2–3) 3 (3–3) 0.45

Anesthesia time (minutes) 194 (174–215) 201 (141–185) 0.63
Surgery time (minutes) 159 (140–179) 163 (177–225) 0.79

Intraoperative fentanyl (mcg) 381 (359–404) 499 (463–535) <0.001
Patient age, weight, height, BMI, surgery and anesthesia times, and intraoperative fentanyl are presented as
means and confidence intervals. ASA is presented as a median and interquartile range. ASA, American Society of
Anesthesiologists; BMI, body mass index; ESPB, erector spinae plane block group; CON, control group.
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Figure 1. Study flow diagram. ESPB, erector spinae plane block group; CON, control group.

3.1. Primary Outcome

CPSP severity was significantly higher in the CON group than in the ESPB group 1, 3,
and 6 months after OP-CABG surgery (Table 2). As presented in Table 3, fewer patients in
the ESPB group showed signs of persistent pain.

Table 2. Severity of persistent postoperative pain.

After Discharge ESPB CON p Value

1 month 1 (0–2) * 4 (3–6) <0.001
3 months 0 (0–1) * 4 (2–6) <0.001
6 months 0 (0–0) * 2 (14) <0.001

The severity of post-thoracotomy pain syndrome was detected with the NPSI (0–100). Data are shown as medians
(interquartile ranges). * Denotes a significant between-group difference. ESPB, erector spinae plane block group;
CON, control group.
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Table 3. Incidence of chronic postsurgical pain (CPSP).

After Discharge
Number of Patients (%)

p Value
ESPB CON

1 month 17 (63) * 23 (96) <0.01
3 months 8 (30) * 23 (96) <0.001
6 months 6 (22) * 22 (92) <0.001

* Denotes a significant between-group difference. ESPB, erector spinae plane block group; CON, control group.

Table 3 shows the number of patients who experienced CPSP 1, 3, and 6 months
post-surgery.

3.2. Secondary Outcomes

Acute pain severity was significantly lower in the ESPB group than in the CON group
(Table 4). The patients in the ESPB group used less oxycodone via PCA than the CON
group (4 [2–8] vs. 25 [20–25] mg, p < 0.001) (Figure 2). Moreover, patients in the CON
group received more rescue doses of oxycodone than the ESPB group (5 [0–5] vs. 0 [0–0],
p = 0.0012).

Table 4. Acute pain severity.

Hours after Extubation ESPB CON p Value

0 3.0 (2.0−4.5) * 5.0 (4.0−5.8) <0.001
6 2.5 (2.0−4.0) * 4.5 (3.5–5.0) <0.001
12 3.0 (2.0−3.5) * 4.0 (3.0−4.0) <0.01
18 2.0 (0.0−3.0) * 3.0 (2.0−4.0) <0.01
24 0.0 (0.0−1.5) * 3.0 (1.0−3.5) <0.001

Data are shown as medians (interquartile ranges). * Denotes a significant between-group difference. ESPB, erector
spinae plane block group; CON, control group.
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Figure 2. Oxycodone consumption. ESPB, erector spinae plane block group; CON, control group.
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The mechanical ventilation time was shorter in the ESPB group than in the CON group
(2 [1–3] vs. 10.5 [8–13.25] h, p < 0.001). Moreover, the length of hospital stay was shorter in
the ESPB group than in the CON group (7 [6–9] vs. 10 [8–12] days, p < 0.001). There was no
between-group difference in postoperative complications. Figure 1 presents postoperative
oxycodone consumption administered via PCA.

We found three variables associated with CPSP occurrence at month 6. The best model
was found using stepwise logistic regression. The area under the ROC curve was 0.899 for
this model. Two variables positively associated with CPSP occurrence were additional
doses of oxycodone and the mechanical ventilation time, which were positively associated
with OR 1.65 (1.164–2.339, p = 0.005) and 1.303 (1.053–1.614, p = 0.015). The anesthesia time
was negatively associated with CPSP incidence at month 6 (0.989 (0.982–0.996), p = 0.002).

4. Discussion

Our results suggest that preemptive ESPB can alleviate CPSP severity months after an
OP-CABG procedure (Table 2). As shown in Table 3, fewer patients had signs of persistent
pain after the regional block. Moreover, acute pain severity and oxycodone consumption
were minor in patients following the regional block. The regional block group also had
shorter postoperative mechanical ventilation and hospital length of stay times. The results
of the logistic regression could suggest that CPSP occurrence at month 6 was associated with
incidences of breakthrough pain in the postoperative period, which required additional
doses of opioids.

We showed in the present study that bilateral ESPB could reduce CPSP severity and
incidence. According to the results of previous research, regional anesthesia procedures
might prevent the occurrence of CPSP [4,15]. The effectiveness of TEA in reducing the
incidence of CPSP in patients following thoracic surgery was presented in a study by
Lu et al. [16]. Kairaluoma et al. showed a reduction of CPSP intensity by preemptive
paravertebral block in breast surgery patients [17]. The authors of this trial performed a
single preemptive injection of a local anesthetic. We reported a reduction in the incidence
and intensity of CPSP in patients following thoracotomy [5]. However, in this study,
continuous paravertebral block was used. In our recent study, we presented that quadratus
lumborum block can reduce CPSP severity in patients undergoing nephrectomy [18].
However, the effect of new regional anesthesia techniques on preventing CPSP development
requires further studies.

Limited treatment modalities can prevent CPSP development following cardiac surgery
procedures [19]. In a meta-analysis by Carley et al. concerning prophylaxis of CPSP with
drugs following surgeries, only gabapentoids were showed to prevent persistent pain three
months after cardiac surgery [20]. However, as stated by the authors of this meta-analysis,
the results should be interpreted cautiously due to the small study sizes.

New regional anesthesia techniques have been explored extensively in acute postoper-
ative pain treatment [21,22]. We confirmed in the present study that ESPB could reduce
acute pain intensity and opioid demands in patients undergoing OP-CABG. In a trial by
Krishna et al., bilateral ESPB reduced pain intensity in patients undergoing cardiac surgery
procedures requiring cardiopulmonary bypass [7]. Nagaraja and colleagues showed that
ESPB was comparable to continuous TEA in the reduction of acute pain severity in patients
following a cardiac surgery procedure [8]. Macaire et al. presented that continuous ESPB
improved patient postoperative rehabilitation after open cardiac surgery and reduced
opioid consumption [23].

Our study has some limitations. It was an observational study. Thus, selection bias
is possible. In addition, we enrolled a relatively small group of patients, and we did not
examine the quality of regional block with the pinprick technique. Patients in the CON
group did not receive a sham block with saline. There was no blinding in our study.

To conclude, our results suggest that preemptive ESPB can decrease the risk of CPSP
development in patients after an OP-CABG procedure. The lower acute pain severity and
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shorter mechanical ventilation times and hospital stays associated with the procedure should
improve patients’ satisfaction and reduce hospital costs and perioperative complications.
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Abstract: Objectives: For some patients, such as pregnant women, it can be difficult to maintain the
ideal “forehead to knees” position for several minutes for epidural catheter placement. We conducted
this study to investigate the feasibility of real-time ultrasound-guided (US) epidural catheterization
under a comfortable lateral position without flexion of knees and neck. Materials and Methods:

60 patients aged 18-80 years with a body mass index of 18-30 kg/m2 after general surgery were
included. In a comfortable left lateral position, thoracic epidural catheterization was performed under
real-time US for postoperative analgesia. The visibility of the neuraxial structures, procedural time
from needle insertion to loss of resistance in the epidural space, the number of needle redirections,
success rate of epidural catheter placement and postoperative analgesic effect were recorded. Results:

In the paramedian oblique sagittal view, the well visible of vertebral lamina, intervertebral space
and posterior complex under ultrasound were as high as 93.33%, 81.67% and 70.00%, respectively.
The success rate of thoracic epidural catheterization was as high as 91.67%, and the satisfactory
postoperative analgesic effect was 98.2% for patients without nausea, pruritus and other discomfort.
Discussion: Thoracic epidural catheterization with patients in the lateral position without flexion of
knees and neck under real time ultrasound guidance has a high success rate and strong feasibility.
This visual manipulation makes epidural catheterization not only “easier” to perform, but also
reduces the requirements of the procedure.

Keywords: thoracic epidural puncture and catheterization; position; ultrasound image

1. Key Points Summary

Question: To improve patients’ comfort, can we perform epidural space puncture and
catheterization without maintaining the “ideal position”?

Findings: Thoracic epidural space catheterization (T6-L1) to patients without flexion
of knees and neck (comfortable left lateral position) under ultrasound guidance has a high
success rate (91.67%, 55/60) and satisfactory postoperative analgesic effect (98.18%, 54/55),
and no patients experienced nausea, pruritus and other discomfort.

Meaning: Under a comfortable lateral position, ultrasound-guided epidural space
puncture and catheterization is feasible.

2. Introduction

Epidural space puncture and catheterization can be used for intraoperative anesthesia
and postoperative analgesia [1]. The lateral position is one of the most commonly used
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positions for spinal and epidural anesthesia, in which the patients have to flex their thighs
on their abdomen and flex their neck to allow the forehead to be as close possible to
the knees (“forehead to knees”, Figure 1 Left) [2]. This position allows the operator to
obtain the presence of palpable spinal apophyses and easy determine the needle puncture
space, and this influences the success rate of epidural catheterization [3,4]. However, it is
difficult for some patients to maintain this position for several minutes without movement,
which has been identified as a risk factor for dural puncture during epidural anesthesia [5].
Ultrasound (US) imaging can now be a valuable tool to view tissue and structures like
nerve and spine anatomy, which could improve the clinical efficacy of epidural catheter
placement, reduce the risk of failed or traumatic procedures, and decrease the number of
attempts and redirections of the needle [6–11]. Until now, there have been no reports on
whether the US has an advantage in epidural catheter placement in patients who cannot
maintain the “forehead to knees” ideal position. Thus, we planned to do thoracic epidural
catheter placement under real time US-guidance for the patients in the lateral decubitus
position without flexion of knees and neck in order to explore the possibility of thoracic
epidural catheterization under ultrasound in a comfortable position, and to provide the
relevant imaging data of thoracic epidural catheterization under ultrasound.

 

Figure 1. Patient’s position during the epidural catheter puncture. (Left): Ideal position (“forehead
to knee”). (Right): Comfortable position (The patient wasn’t required to flex their thighs on their
abdomen and flex their neck).

3. Materials and Methods

3.1. Ethic

A single-center case series study was performed. Ethical approval for the study
was provided by the Ethics Committee of our institution (West China Biomedical Ethics
Committee, Sichuan University. No. 2016 (332). 18 February 2019.), and written patient
informed consent was obtained from all patients. This study was retrospectively registered
on ClinicalTrials.gov (ChiCTR2100054727). All procedures in this study were in accor-
dance with the ethical standards of the Helsinki Declaration and the international ethical
guidelines for human biomedical research. This manuscript adheres to the applicable
STROBE guidelines.

3.2. Patients

A total 60 patients aged 18–80 with American Society of Anesthesiologists (ASA)
classification of I or II, who were scheduled to undergo abdominal surgeries under GA,
were enrolled in the study from 1 September to 30 November 2020 at the West China
Hospital of Sichuan University. Patients with neurological disorders, seizures, history of
spine surgeries or deformities, a history of local anesthetic allergy, local site infection, or
coagulopathies were excluded. Epidural catheterization was performed by Fei Liu, the
corresponding author of this article, who is skilled in ultrasound guiding epidural puncture.
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The level of epidural puncture was determined by the surgical incision. Ultrasound imaging
was completed using an M-turbo curved probe of 2–5 MHz (FUJIFILM Sonosite, Inc. Bothell,
WA, USA). All of the patients were followed for up to 1 week after surgery. If patients had
adverse reactions, patients were observed until recovery.

3.3. Operational Process

Epidural puncture and catheterization were performed preoperatively. Intravenous
access and standard ASA monitors (pulse oximetry, electrocardiogram, and noninvasive
blood pressure) were established prior to epidural puncture. All of the patients lied in a
comfortable position of left lateral decubitus (they were not required to flex their thighs on
their abdomen and flex their neck), as shown in Figure 1 right). The paramedian oblique
sagittal plane of the target epidural space was identified and marked by applying the probe
from the 12th rib in the pre-procedure scanning and using the counting up method [12].
(The scanning procedure could be found in the Video S1). After aseptic skin disinfection,
the probe was firmly held in the marked position by the operator’s left hand (Figure 2 Left)
and applied at the congruent thoracic level to obtain a paramedian longitudinal view of the
spine. A 18G Tuohy needle from the caudal of the probe was advanced to the interlaminar
space under real-time ultrasound guidance using an in-plane approach until the needle tip
reached the posterior part of the ligamentum flavum-dura mater complex by the operator’s
right hand (Figure 2 Right). The ultrasound probe was then left aside and the two hands
of the single operator held the needle to continue the procedure until the epidural space
was identified with loss of resistance to air [4] Finally, the epidural catheter was advanced
4–5 cm inside the epidural space and secured at the back with transparent dressings. (The
puncturing procedure can be found in the operating Video S1).

 

Figure 2. Example of how to hold the probe (left the probe was firmly held in the marked position

by the operator’s left hand. A 18G Tuohy needle from the caudal of the probe was advanced to

by the operator’s right hand). Ultrasound imaging while operating puncture (right) THE needle
was seen in the ultrasound image.

3.4. Data Collection

(1) Characteristics of patients, including gender, age, height, weight, and body mass
index (BMI), history of hypertension or chronic bronchitis. (2) The operation information.
(3) The ultrasound visibility of neuraxial structures at the punctured interlaminar space [13]
(including vertebral lamina, intervertebral space, dural sac, anterior complex and posterior
complex) were also assessed by an independent observer using a 4-point Likert scale
(0-point = not visible, 1-point = hardly visible, 2-point = well visible, 3-point = very
well visible), and the total ultrasound visibility score (UVS, maximum score possible = 15)
for each patient was determined. (4) Vertical and oblique distances from the skin to
the posterior dura (Figure 3A,B) and width of the interlaminar space were measured
(Figure 3C). (5) Puncture Outcome, including time for the US pre-procedure scanning and
epidural space puncture (from the start of the skin puncture to the confirmation of the
needle tip in the epidural space), success rate of epidural puncture and catheterization,
analgesia effect, and adverse reaction were recorded. Mild adverse effects included dural
puncture, bloody tap, paresthesia during needle insertion or catheterization and severe
adverse effects contained total spinal anesthesia, epidural hematoma or abscess related to
epidural puncture.

149



J. Clin. Med. 2022, 11, 6459

 

Figure 3. Example of ultrasonic image measurement in comfortable position. Vertical (A) and oblique
distances (B) from the skin to the posterior dura and width of the interlaminar space were also
measured (C) using the relevant “frozen image” of the ultrasound.

3.5. Statistical Analysis

The data was analyzed using SPSS (Version 21.0, IBM, Chicago, IL, USA). Measure-
ment data were described as mean ± standard deviation (Std), or median (interquaternary
interval, IQR). The enumeration data were described by frequency and composition ratio.
The correlation between patient characteristics, ultrasonic imaging and epidural punc-
ture time was analyzed. The influence degree of each influencing factor on the epidural
puncture time was then analyzed. According to our institution’s previous experience with
ultrasound-guided catheterization, the success rate is approximately 90%. Thus, when we
calculated the sample size, we assumed the success rate to be 90%, the confidence interval
width to be 16%, the allowable error range to be 8%, the dropout rate to be 10%, and
α = 0.05. By using PASS 2021 (Version 21.0.3), a sample size of 54 patients were calculated,
and we choose 60 patients as the final sample size.

4. Results

Real-time US-guided epidural space catheters were successfully finished in 55 patients
of the 60 patients (41 male and 19 female) under a comfortable left lateral decubitus, with
a mean age of 57.44 years and BMI of 21.88 kg/m2. Time of pre-procedure scanning
and puncture was 44.78 ± 24.81 s and 119.37 ± 116.70 s. During the procedure, one
epidural puncture was cancelled due to poor visibility of the target interlaminar space
during preprocedure scanning; the catheterization in four patients was cancelled because
of one catheter expected into the blood vessel, while the other three patients reported
transient paresthesia. Of the 55 patients with successful puncture and catheterization,
98.18% reported a satisfactory analgesic effect. No complication related to epidural puncture
was found until discharge.

4.1. Basic Characteristics of Patients

Among the 60 patients, 68.33% (41/60) were male and 31.67% (19/60) were female. Pa-
tients ranged in age from 29 to 80 years (57.44 ± 11.36 years), in which 29 patients were older
than 60 years old (29/59, 49.15%). The height of the patients was 163.91 ± 6.82 cm (cm), and
the weight was 59.30 ± 9.26 kilograms (kg). The BMI was between 18.00 and 30.00 kg/m2

(21.88 ± 3.07 kg/m2). Among them, patients with overweight body (BMI ≥ 24 kg/m2)
accounted for 21.82% (12/55) (Table 1).

Table 1. Basic characteristics of patients.

Parameter Numerical Information

Gender Male, n, % 41, 68.33%
Female, n, % 19, 31.67%

Age (years-old) Mean ± Std 57.44 ± 11.36
Min~Max 29–80
Md (IQR) 59.00 (18.00)

≥ 60 years, n, % 29, 49.15%
Height (cm) Mean ± Std 163.91 ± 6.82

Min~Max 150.00~180.00
Md (IQR) 165.00 (11.00)
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Table 1. Cont.

Parameter Numerical Information
Weight (kg) Mean ± Std 59.30 ± 9.26

Min~Max 42.00~82.50
Md (IQR) 58.25 (11.75)

BMI (kg/m2) Mean ± Std 21.88 ± 3.07
Min~Max 18.00–30.00
Md (IQR) 21.63 (4.17)
≥24 kg/m2 12, 21,82%

Hypertension, n, % 4, 6.67%
Abnormal ECG, n, % 2, 3.33%

Chronic bronchitis, n, % 4, 6.67%
Abbreviation: n = number(s), % = percentage, Std = Standard deviation, Min = Minimum value, Max = Maximum value,
Md = Median, IQR = Interquartile range, cm = centimeter(s), kg = kilogram(s), m = meter(s), ECG = Electrocardiograph.

4.2. Complicated Diseases of Patients

Among the 60 included patients, there were four patients who had complications of
hypertension (6.67%), four patients who experienced chronic bronchitis (6.67%), and two
patients who showed abnormal ECGs in their preoperative examination (3.33%) (Table 1).
In the two patients with abnormal ECG, one patient had sinus bradycardia, and the other
patient reported premature ventricular beats.

4.3. Information on Surgical Treatment of Patients

Among the 60 cases, four cases underwent chest surgery (6.67%, all of which were
via lobotomy) and 56 cases underwent abdominal or pelvic surgery (93.33%) (stomach or
jejunum: 31/56, 55.36%; colorectum: 15/56, 26.79%; others: 10/56, 17.86%). Among the
60 cases, 50 cases underwent laparoscopic or thoracoscopic surgery (83.33%), and 10 cases
underwent open surgery (16.67%).

4.4. Ultrasonic Imaging

During this observation period, ultrasound localization required 44.66 ± 25.72 s per
case, and all was completed within 2 min (Figure 4A). The vertical distance from skin to
dura was 3.75 ± 0.70 cm (a range of 2.09–6.10 cm). The oblique depth was 5.62 ± 0.59 cm
(a range of 3.68–6.85 cm). Intervertebral space distance ranged from 0.31 to 1.55 cm
(Mean ± Std: 0.70 ± 0.23 cm) (Figure 4B).

According to the visibility of the neuraxial structures (Table 2), the UVS of the included
cases was measured to be 10.73 ± 5.58 (95% CI: 9.29–12.18, median 10.00, IQR 9.75, min
1.00, max 25.00) (Figure 4C). Among these structures, the proportion of vertebral lamina
imaging visible was the highest (93.33%, well visible: 21/60, 35%; very well visible: 35/60,
58.33%), followed by intervertebral space (81.67%, well visible: 21/60, 35%; very well
visible: 28/60, 46.67%) and posterior complex (70.00%, well visible: 27/60, 45%; very well
visible: 15/60, 25.00%). The dural sac (45.00%, well visible: 16/60, 26.67%; very well visible:
11/60, 18.33%) and the anterior complex (40.00%, well visible: 13/60, 21.67%; very well
visible: 11/60, 18.33%) showed poorly under ultrasound (Figure 4D).

Table 2. Ultrasound Visibility Score of Neuraxial Structures.

0 Point 1 Point 2 Point 3 Point Mean Std Median IQR

vertebral
lamina 0 (0.00%) 4 (6.67%) 21 (35.00%) 35 (58.33%) 2.52 0.62 3.00 1.00

intervertebral
space 2 (3.33%) 9 (15.00%) 21 (35.00%) 28 (46.67%) 2.25 0.84 2.00 1.00
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Table 2. Cont.

0 Point 1 Point 2 Point 3 Point Mean Std Median IQR

dural sac 26 (43.33%) 7 (11.67%) 16 (26.67%) 11 (18.33%) 1.20 1.19 1.00 2.00
Anterior
complex 26 (43.33%) 10 (16.67%) 13 (21.67%) 11 (18.33%) 1.15 1.18 1.00 2.00

Posterior
complex 3 (5.00%) 15 (25.00%) 27 (45.00%) 15 (25.00%) 1.90 0.84 2.00 1.25

Abbreviation: % = percentage, Std = Standard deviation, IQR = Interquartile range. Note: 0 point = not visible, 1
point = hardly visible, 2 point = well visible, 3 point = very well visible.

Figure 4. Quantitative measurements and ultrasound visibility score of neuraxial structures. The
ultrasound localization time of all patients was under 2 min (120 s) (A: ultrasound localization time
(s)). The vertical distance from skin to dura measured by ultrasound was about 3.75 cm (B, left), and
the slope distance was about 5.62 cm (B, right). Different transverse nerve structures were shown
in different states under ultrasound (D), and the total UVS score ranged from 1 to 15 points (C).
Abbreviation: % = percentage, Std = Standard deviation, s = second(s); cm = centimeter(s).

4.5. Results of Epidural Catheterization

Of the 60 cases observed, only one patient abandoned the epidural puncture due to
poor ultrasound imaging results, while the remaining patients successfully completed
the epidural needle puncture (59/60, 98.33%). During the procedure, there was one
patient that experienced a vascular puncture and three patients who experienced transient
paresthesia; therefore, 55 of 60 patients were successfully catheterized (55/60, 91.67%).
Under ultrasound guidance, one patient underwent epidural puncture at thoracic vertebra
(T) 6-7 (1.67%), two patients at T 7-8 (3.39%), 35 patients at T 8-9 (59.32%), five patients
at T 9-10 (8.47%), one patient at T 10-11 (1.69%), four patients at T 11-12 (6.78%), and
11 patients at T 12-lumbar vertebra (L) 1 (18.64%) (Figure 5A). The time to complete an
epidural puncture was 71 (70) s (95% CI: 87.82–150.92, mean 119.37, Std 116.70, min 10.56,
max 636.00) (Figure 5B). The proportion of epidural puncture time under 90 s was 53.33%
(32/55). Among the patients with successful puncture, 47 patients were successfully
punctured at the first puncture (47/59, 81.03%), seven patients were punctured by the
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second attempt (7/59, 12.07%), and five patients were successfully punctured by the third
attempt (5/59, 8.47%) (Figure 5C). The puncture depth of the needle ranged from 3.00 to
8.00 (Figure 5D).

Figure 5. Outcomes of ultrasound-guided epidural catheterization in the absence of specific postures.
Of the 60 cases observed, only one patient abandoned epidural puncture due to poor ultrasound
imaging results. Among the 59 patients with successful puncture, the patients with puncture plane
at T8-9 accounted for the largest proportion (A: Puncture plane distribution of successful epidural
puncture), and the average time was 119.37 s (B: Duration of epidural puncture). The majority of
patients completed the epidural catheterization procedure successfully the first time (C: Number of
epidural punctures performed by the patient), and the average depth of puncture needle placement
was 6.83 cm (D: The depth of the epidural puncture needle (cm)). Of the patients with success-
ful puncture, 55 completed epidural catheterization (E: Results of catheter placement), of whom
96.36% completed the catheterization on the first attempt (F). The mean depth of catheter placement
(G, Left) and the mean depth in the epidural space (G, Right) were 11.41 cm and 4.72 cm, respectively.
Abbreviation: % = percentage, T = Thoracic vertebra, L = lumbar vertebra, Std = Standard deviation,
s = second(s); cm = centimeter(s).

Among the 59 patients with successful puncture, one patient gave up catheterization
because of puncture into the blood vessel (1.69%), and three patients gave up catheteriza-
tion because of neuroparesthesia (3/59, 5.08%) (Figure 5E). Among the 55 patients with
successful catheterization, 96.36% (53/55) had the catheterization completed successfully
in only one attempt, and 3.64% (2/55) needed two attempts (Figure 5F). The distance from
catheter tip to skin was 11.41 ± 1.21 cm (95% CI: 11.07–11.75, median 11.50, IQR 1.00, min
7.50, max 13.00), and the depth of the epidural space was between 2 and 8 cm (Mean ± Std:
4.72 ± 0.81cm, 95% CI: 4.49–4.94, Median 5, IQR 0.50) (Figure 5G).

4.6. Analgesic Effect and Complication

Of the 60 patients who underwent ultrasound-guided epidural catheterization, 55
(91.67%) completed the procedure successfully. Only one patient showed poor unilateral
analgesic effect (1/55, 1.82%), and the remaining 54 patients reported satisfactory analgesic
effect (54/55, 98.18%). No complication (dural puncture, bloody tap, total spinal anesthesia,
epidural hematoma or abscess) was found before discharge.

4.7. Correlation Analysis Results

The time of ultrasound-guided epidural catheterization has no correlation with the
patients’ sex (p = 0.150), age (p = 0.460), height (p = 0.096), weight (p = 0.834), BMI (p = 0.354),
puncture plane (p = 0.816), ultrasound localization (p = 0.956), vertical distance from skin
to dura (p = 0.195), UVS (p = 0.161), or visibility of several neuraxial structures: vertebral
lamina (p = 0.282), intervertebral space (p = 0.160), and posterior complex (p = 0.163).

However, there are correlations among distance to the intervertebral space (p = 0.010,
r = −0.358), oblique distance from skin to dura (p = 0.012, r = 0.338), and visibility of other
neuraxial structures: dural sac (p = 0.006, r = −0.367), and anterior complex (p = 0.003,
r = −0.395).
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5. Discussion

This study is the first study to report that real-time US guidance could facilitate
middle and low thoracic epidural puncture for the patients in the left lateral decubitus
position without using the forehead to knees position. In this observational study of the 60
patients, 59 patients had a successful epidural puncture. Among them, 55 patients (91.67%)
successfully completed epidural catheterization without any related adverse reactions.
Except for one patient who had only good unilateral analgesia, the remaining 54 patients
had satisfactory bilateral analgesia after surgery. During the process of catheterization,
five patients withdrew from the operation due to contact with blood vessels or paresthesia.
The visibility of the vertebral lamina, intervertebral space and posterior complex in the
paramedian oblique sagittal view were all good at T6-L1 level in the patients without
forehead to knees under ultrasound. And epidural catheterization to patients without
flexion of knees and neck under ultrasound guidance has a high success rate and strong
feasibility. In addition, this study provided detailed ultrasound data for the thoracic
epidural puncture.

5.1. Real-Time Ultrasound-Assisted Thoracic Epidural Catheter Placement

Thoracic epidural analgesia provides reliable acute pain relief and reduces morbidity
and mortality for patients undergoing abdominal or thoracic surgery. Conventional meth-
ods for thoracic epidural puncture relied on the surface anatomy of the spine, which often
leads to incorrect identification of the targeted level and high failure rate, which limited
the clinical application of epidural analgesia. The success rates of landmark-based lateral
epidurals in the thoracic spine in our institution was around 75%. With the widespread
use of ultrasound in regional anesthesia, widespread evidence supports neuraxial ultra-
sound assisting lumbar epidurals with great success, however the use of ultrasound for
guidance in thoracic epidurals is still not widespread. David B. Auyong reported the first
randomized study to evaluate the value of preprocedure ultrasound in thoracic epidural
catheterization [14]. In this study, he found that preprocedural ultrasound did not signifi-
cantly reduce the time required to identify the thoracic epidural space, but decreased the
number of needle skin punctures and mean pain scores after surgery. Furthermore, Daniel J.
Pak [12] described the successful real-time ultrasound-guided thoracic epidural technique
in a paramedian sagittal oblique view. Recently, Karmakar and his colleagues reported a
prospective, randomized superiority trial, which indicates that real-time ultrasound guid-
ance is superior to a conventional anatomic landmark-based technique for first-pass success
during TEP [15]. Since 2015, the author Fei Liu started to do ultrasound-guided epidural
anesthesia replacing landmark based thoracic epidural anesthesia for postoperative pain in
patients after abdominal surgery. A success rate beyond 90% was achieved [16].

5.2. Epidural Catheter Placement Was Achieved in Every Patient

In our center, preprocedure ultrasound scanning or real time ultrasound guidance has
been a routine procedure for thoracic and lumbar epidural analgesia for 7 years. The author
(the leader of the acute pain service) is skilled in real time ultrasound-guided epidural
puncture. She found that some patients complained of severe pain postoperatively, which
could not be relieved by strong opioids and NSAIDS. Thus, she thought that only epidural
analgesia could help them, and after getting consent from the patients, she started to do
real-time ultrasound guiding epidural punctures for them. During the procedure, strong
pain prevents them from lying in a standard lateral position (neck to knee). Therefore, the
author could only do epidural puncture in these patients lying in a comfortable lateral
position. We found that although the patient’s position was not ideal for the traditional land
mark epidural puncture, under ultrasound guidance we still could find the inter laminar
space for needle advancement. Therefore, we started this preliminary study and tried to
prove that ultrasound-guided epidural puncture could also be done for patients who could
not use the standard knee to head position.
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5.3. Under Ultrasound, the Vertebral Lamina, Intervertebral Space and Posterior Complex in the
Paramedian Oblique Sagittal View Were All Good at the T6-L1 Level in the Patients without
“Forehead to Knees”

In the 60 patients in this study, in the paramedian oblique sagittal view, the visibility of
the vertebral lamina, intervertebral space and posterior complex under ultrasound were as
high as 93.33%, 81.67% and 70.00%, respectively. The anterior complex and dural sac were
poorly visible because of the extreme caudad angulation of the spinous processes and the
overlapping laminae. However, we measured the width of the interlaminar space, which
was 0.70 ± 0.23 cm at T6-L1, which was much narrower compared to the lumbar spine
interlaminar space. Although it was very narrow, the good visibility of the intervertebral
space provided an ideal route for epidural needle trajectory. This is consistent with the
results of previous literature [8,17–19]. However, it is important to note that all of the
articles presented were lumbar epidural punctures. Only ShengJin Ge et al. reported one
case of an ultrasound-assisted paramedial-lateral approach of thoracic epidural puncture
(T 7-8) [20]. However, this report could not provide information on the success rate of the
puncture, catheterization, and adverse reactions. T Grau also showed that, despite the
limited capacity of US to depict the thoracic epidural space, US proved to be of better value
than MRI in the depiction of the dura mater [21]. These studies suggest that ultrasound-
assisted thoracic epidural puncture is acceptable. This study not only provides a series
of information about thoracic epidural puncture under ultrasound, but also puts forward
the concept of comfort. It aims to provide patients with sufficient therapeutic effects and
comfortable care at the same time.

5.4. Epidural Catheterization to Patients without Flexion of Knees and Neck under
Ultrasound-Guided Has a High Success Rate and Accurate Analgesic Effect

Among the 60 patients observed, epidural puncture was performed in 59 patients
with good visibility, except for one patient with had poor epidural visibility. A total of
55 patients completed the epidural catheterization successfully, with the exception of four
patients who experienced puncture into the blood vessel or neuroparesthesia. The success
rate of epidural catheterization was as high as 91.67%, and the postoperative analgesic
effect was satisfactory for 98.18% of patients without nausea, pruritus and other discomfort.
Thoracic epidural analgesia is a common method of pain relief for major thoracic and
abdominal surgery [22]. However, due to the difficulty of the puncture in the past, the
possible complications such as spinal cord injury and pneumothorax have limited its
use [23]. T Grau et al. compared the ultrasound method with the traditional puncture
method, and the results showed that the visualization procedure was very effective and
reduced the injury caused by repeated puncture [24]. In addition, based on the visualization
characteristics of ultrasound, the occurrence of the above complications can be avoided
to a certain extent. Although previous studies showed that ultrasound guided epidural
puncture in real time was feasible, it was still done when the patient was in an “ideal”
position. Interestingly, Ban Tsui et al. performed on epidural space of male adult cadavers
and found that ultrasound imaging and real-time ultrasound needle guidance for nerve
blocks at the trunk and epidural space can be used in “stiff” cadavers [25]. This provides
strong evidence for conducting epidural puncture in the comfortable position. Thus, our
study suggests that visual manipulation makes epidural catheterization not only easier
to perform, but also reduces the requirements of the procedure. This allows for epidural
catheterization in a comfortable position for patients who are unable to provide a strict
knee and neck flexion position.

5.5. Limitations

This study was only an observational one, and there was a lack of a control variable. In
addition, there were certain limitations in the selection of patients. In the next step, we plan
to include a wider range of people (such as patients with obesity, the elderly, and pregnant
women), to start a prospective randomized controlled study to compare the success rate
between the comfortable position and the strict knee and neck flexion position.
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6. Conclusions

Under the comfortable position on the left lateral decubitus, the success rate of epidu-
ral catheterization under the guidance of real-time ultrasound was as high as 91.67%,
and the analgesic efficiency was 98.18%. This technique is feasible for patients who are
unable to achieve the forehead to knees position, while improving the comfort of patients
during treatment.
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Glossary

US Ultrasound imaging
ASA American Society of Anesthesiologists
BMI Body mass index
UVS Ultrasound visibility score
CI Confidence interval
Std Standard deviation
IQR Interquartile range
Min Minimum
Max Maximum
T Thoracic vertebra
L Lumbar vertebra
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Abstract: Background: The aim of this study is to compare sublingual sufentanil and the adminis-
tration device for its delivery (SSST-Zalviso®) with the traditional strategies used for the control of
postoperative pain to establish if there is an actual benefit for the patient and healthcare personnel.
Materials and Methods: A retrospective study was conducted to compare the efficacy of SSTS in the
management of postoperative pain after orthopedic surgery between October 2018 and June 2020. We
analyzed 50 patients who underwent a total knee arthroplasty (TKA). The control group consisted of
21 patients who underwent TKA and during the hospitalized recovery received a continuous femoral
nerve block (cFNB). The statistical study was conducted with a level of significance p = 0.05 using
“U” test, Mann–Whitney, to verify if patients had a better control of pain and fewer calls for rescue
analgesia. Results: Patients involved in the study showed a significant reduction in pain intensity
with the use of SSTS in the 24 h following surgery (p = 0.0568), also a drastic drop of the calls for
rescue analgesia (p < 0.0001) reduces the number of calls for its control. Conclusions: This study
demonstrates how SSTS might reduce pain intensity in the first 24 h after surgery and reduce the
number of calls for its control, indicating better analgesic coverage and implying reduced interven-
tions from healthcare personnel. This could allow a redistribution of resources and a reduction in the
use of analgesic drugs in wards where the SSTS is used.

Keywords: sublingual sufentanil tablet system (SSTS–Zalviso®); total knee arthroplasty; retrospective
study; postoperative pain; continuous femoral nerve block

1. Introduction

Postoperative pain after orthopaedic procedures, such as total knee arthroplasty (TKA),
is a major problem and represents a challenge. Pain control following TKA is a prerequisite
for good outcomes because rehabilitation requires early mobilization and enhanced recov-
ery [1]. TKA has become a fast-track approach, where early rehabilitation is a key factor in
reducing morbidity and decreasing the length of hospital stay [2]. Despite the increasing
knowledge about postoperative pain management and the implementation of new pain
management techniques, an adequate protocol is still debated in the literature [3–7].

The number of total knee arthroplasty procedures has increased over the last 2–3 decades
and is projected to increase even further due to population aging and longevity; however,
these patients are affected by significant postoperative pain [8,9]. This pain, if uncontrolled,
can hinder the recovery process by setting in motion-detrimental pathophysiological processes
that increase the risk of postoperative complications. Ineffective pain control can result in low
limb mobility, which can result in several medical morbidities, such as venous thrombosis,
coronary ischemia, myocardial infarction, and pneumonia [10]. Inefficient pain control can
also hinder mobilization and rehabilitation, disrupt sleep, cause cognitive dysfunction, and
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increase patient anxiety. Therefore, focusing on effective pain control among total knee
arthroplasty patients is crucial, as it influences recovery time, cost of healthcare, and overall
patient satisfaction [11,12]. The Enhanced Recovery After Surgery (ERAS) protocols make
it possible to achieve these objectives thanks to a specific multidisciplinary approach. The
advantages include the reduction in the average hospital stay and a low rate of complications,
resulting in greater patient satisfaction [13,14]. Early mobilization represents one of the
main aspects of ERAS and is closely linked to the use of short-acting anesthetic techniques
aimed at minimizing side effects despite multimodal analgesic coverage [13,15]. There is
wide debate on the best postoperative analgesia technique after TKA, with the choice of
peripheral nerve blocks, epidural analgesia, and local infiltration analgesia (LIA) or (systemic)
opioids. [1,16–20]. Sufentanil is a potent synthetic μ-opioid receptor specific agonist primarily
used for intraoperative surgical analgesia. Sufentanil can be administered via sublingual route,
demonstrating a good bioavailability (60%) and a prolonged duration of action compared
to IV-Sufentanil, thanks to its high lipophilicity. For these reasons, sublingual sufentanil has
recently been used for postoperative pain management and marketed as a pre-programmed,
non-invasive handheld device (The Sufentanil Sublingual Tablet System (SSTS)—Zalviso®,
Grünenthal GmbH, Aachen, Germany) [13,21,22]. This system combines the advantages of
the non-IV route with self-administration (Figure 1).

 

Figure 1. The Zalviso® system consists of a disposable dispenser tip (a) and dispenser cap (b); a
cartridge of Sufentanil sublingual 15 mcg tablets in a disposable bar-coded cartridge (c); a reusable
handheld controller (d) and an authorized access card (e).

The purpose of this study is to compare sublingual sufentanil and the administra-
tion device for its delivery (SSTS) with the traditional strategies used for the control of
postoperative pain to establish if there is an actual benefit for the patient and healthcare
personnel [23–25]. Therefore, we compared the efficacy of SSTS and continuous femoral
nerve block (CFNB) in the postoperative pain control in patients treated with TKA. We
propose that SSTS could show a better profile of pain control, tolerability, and patient
and staff satisfaction, reducing the intensity of pain and side effects [25,26]. The primary
objectives were to assess the efficacy of SSTS in controlling postoperative pain and its
safety in comparison with cFNB. The secondary aim of the study was to analyze the ease of
use with the STTS system for the administration of analgesics by physicians, nurses and
patients, using feedback analysis [19,20].

2. Materials and Methods

This was a retrospective observational monocentric study on a representative group
of 50 patients (30 (60%) women; 20 (40%) men) treated with TKA at a mean age of 66
(min 22–max 83 years) between October 2018 and June 2020. All the patients were treated
with perioperative multimodal analgesia. We compared a group of patients receiving the
SSTS postoperative analgesia (SSTS group, 50 patients) versus a control group of patients
who were treated according to our standard pain management with continuous femoral
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nerve block (cFNB group, 21 patients). The inclusion criteria were age >18 years and
patients’ ability to describe and report pain. Exclusion criteria were administration of
general anesthesia, postoperative admission to the intensive care unit, and previous history
of chronic pain. All data used in this study were obtained from the patients’ hospital records
and included patient demographic data and all data regarding intraoperative management,
postoperative analgesia, and pain scores. All relevant data are within this paper.

2.1. Perioperative Management

All patients received IV midazolam as an anxiolytic premedication. Antibiotic prophy-
laxis was administered with 2 g of cefazolin. In our ERAS protocol, spinal anesthesia was
performed with 10 mg of hyperbaric bupivacaine 0.5% without adjuvant or 7.5 mg/mL
(from 1.5 to 2 mL) isobaric levobupivacaine. Both groups received subarachnoid anesthesia
and 68 patients (95.8%) underwent one shot single femoral nerve block (FNB) (Ropivacaina
0.5% 20 mL one shot). In case of pain not properly controlled (NRS ≥ 4), patients of both
groups received a “rescue dose” with ketoprofene 160 mg ev, i.m 2/24 h or toradol 30 mg
(max × 2/die); in the case of intolerance to FANS, paracetamol 1 g ev three times a day,
Tramadol 50 mg max 3/die or morphine 5 mg subcutaneous were chosen.

After surgery, the patients in the SSTS group received sufentanil 15 μg upon need plus
paracetamol (1 g) three times a day. The SSTS in our population was typically prepared
by an anesthetist with a mean set up time 2.7 min (±1.8). Conversely, patients treated
according to our standard protocol (cFNB group/control) underwent continuous femoral
nerve block (cFNB) with continuous infusion of local anesthetic (ropivacaine 0.2% 7 mL/h
plus paracetamol 1 g (ev] four times a day). The reasons for choosing the analgesic technique
were not completely at the patient’s discretion, but we consider the ability in terms of drug
administration device as a discriminating factor. However, the good preliminary results
and the controlled self-administration modality have directed the choice of many patients
towards this modality of pain management.

The endpoints measured were pain intensity at rest, number of adverse events, number
of rescue doses, length of hospital stay, and usability scores. Pain was measured using the
numeric rating scale (NRS) (range: 0 = no pain to 10 = worst pain possible). Pain perception
during the postoperative period was calculated using the NRS scale at 24 h (T1), 48 h (T2),
and 72 h (T3) for both groups. Pain was evaluated in both groups as the mean scores for
T1 throughout T3 (T1 to T3 are the three postoperative days). For the SSTS group, pain
scores were collected for the day prior to surgery (T-1), the day of surgery at delivery of the
SSTS device to the patient (T0), the first administration, and 2-4-8- and 16 h after the first
nanotablet. The practicality and manageability of the drug administration device by the
staff (nurses) was analyzed through semi-quantitative data (time for preparation, number
of doses administered, and subjective evaluation scales) that measure the usability of the
device by the staff, and the understanding of how it works by the patient.

2.2. Statistical Analysis

All data reported in this study are expressed as the mean, standard deviation (SD),
range, and median for each value. Continuous variables were compared between two
groups using the two-sample t-test and among three groups using one-way analysis of
variance (ANOVA). The chi-squared test was used for categorical variables. Pain intensity
between the groups was also evaluated using the “U” test (Mann–Whitney), comparing the
observation at baseline and final follow-up. Statistical significance was set at a p-value of
less than 0.05. The data were analyzed using Minitab v.18® (Minitab 18 Statistical Software
(2019). Minitab, Inc.: State College, PA, USA).

3. Results

The study compared 50 patients in the SSTS drug group and 21 patients in the cFNB
group presenting similar characteristics (age, comorbidities, type of surgery) and differing
limitedly to the analgesic technique received.
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Pain scores. In the SSTS group, the NRS scores were: 2.38 (T1), 3.28 (T2), and 2.34 (T3).
The NRS scores for the control group were: 3.81 (T1); 3.43 (T2); and 2.57 (T3). The overall
differences in pain intensity and the difference in time point T1 between the groups were
significantly different (p = 0.008) (Figure 2).

Figure 2. NRS were lower in the SSTS group compared to cFNB group at each time points measured
with significant different in T1 (p = 0.008) *.

The NRS evaluated at T2 and T3 and compared between the two groups was not
statistically significant (Figure 3).

 

Figure 3. Boxplot analysis of pain control at 24 h, 48 h, and 72 h between the two groups. Horizontal
line represents mean value, and the square box represents interquartile range.
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3.1. Rescue Analgesic Dose and Patient Satisfaction

Patients treated in the SSTS group required significantly less rescue doses than those
in cFNB control (5% of SSTS patients vs. 60% patients, of which 25% on T1, 15% on T2,
10% on T3, and 10% on T4). The mean duration of treatment with SSTS from the first to
the last nanotablet received was less than 48 h (no patients used STSS for more than 72 h).
Rescue doses were required less often in the SSTS group (66% of SSTS patients) than the
cFNB control (100% patients), which resulted in fewer calls and satisfaction of the nursing
staff (Figure 4).

 

Figure 4. Boxplot analysis rescue doses between the two groups. Horizontal line represents mean
value and the square box represents interquartile range.

3.2. Adverse Events

Adverse events reported in the SSTS group were postoperative nausea and vomiting
(PONV 6%), nausea (10%), vomiting (2%), constipation (24%), bladder globe (4%), som-
nolence (2%), headache (2%), and hypertension (2%) disorientation (6%) (Table 1). The
adverse events in the SSTS group are shown in Table 1.

Table 1. Adverse events reported in the SSTS group vs. cFNB group.

SSTS (50) CFNB (21)

PONV (3) 6% (3) 15%

Nausea (5) 10% (6) 30%

Vomiting (1) 2% (3) 15%

constipation (12) 24% (4) 20%

Bladder globe (2) 4% (1) 5%

somnolence (1) 2% (2) 10%

headache (1) 2% (1) 5%

hypertension (1) 2% (3) 15%

disorientation (3) 6% (1) 5%
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3.3. Hospitalization

Patients were dismissed from the hospital for a mean of 7.06 days in the SSTS group vs.
8.62 of the control group. There was a significant difference in the time to hospitalization,
with fewer days in the SSTS group (p = 0.039) (Figure 5).

 

Figure 5. Boxplot analysis hospitalization between the two groups. Horizontal line represents mean
value, and the square box represents interquartile range. (p = 0.039) *.

3.4. Usability

Most patients confirmed that the SSTS was easy to use and did not report any diffi-
culties in using the device. Most patients report no motor discomfort and 86% of patients
reported complete pain relief. Three patients (6%) discontinued SSTS due to ineffective
pain relief after T3, and four (8%) due to the malfunctioning of the device (these were
excluded from the statistical analysis at the T2 and T3 evaluation).

4. Discussion

This study evaluated the efficacy and safety of the SSTS in comparison with a classic
multimodal analgesic approach associated with cFNB for pain control in patients treated
with TKA. Our results confirmed the efficacy and safety of SSTS in TKA, in agreement with
previous studies [22,27,28]. However, we used a different approach than the other studies:
Melson et al. compared SSTS to Intravenous patient-controlled analgesia morphine sulfate
enrolling patients scheduled for elective major open abdominal or orthopedic (hip or knee
replacement) surgery [22]. Jove et al. evaluated the efficacy SSTS 15 μg vs. an identical
placebo system for the management of pain after knee or hip arthroplasty [27]. Minkowitz
et al. performed another placebo-controlled trial evaluating sufentanil sublingual tablet
30 mcg [28]. This study reflects the clinical experience of a ward in which patients who
used the SSTS were rationally selected from a larger group and therefore cannot claim the
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authority of a randomized trial. These results must be considered evidence for real-life
clinical practice.

There are two main limitations of the study: (1) as a consequence of the relative small
number of patients, it was not possible to conduct a comparative statistical analysis for
all possible variables, but only for the main aspects (pain score, rescue, nursing assistance,
adverse effects, and hospitalization) considered in the study; (2) cFNB provided better
analgesia compared with single-shot FNB, however, our control group received only a
cFNB plus paracetamol whereby it is well-known that it does not cover the whole pain
receptions [29,30]. For sufficient pain control, a sciatic nerve block (SNB) would have to be
added. Continuous SNB has been reported to improves analgesia and decreases morphine
request compared with single-injection sciatic nerve block in patients undergoing TKA,
but it influences the possibility of an early rehabilitation in these patients whereas is not
observed in cFNB [31]. This is the main reason that limited its use in our cohort in the
period of analysis. A recent metanalysis analyzed the analgesic benefits of adding sciatic
nerve block (SNB) to FNB following TKA and authors concluded that SNB can seems to
reduce postoperative opioid consumption in these patients, even if the available evidence
is marked by significant heterogeneity [32]. Other studies provide evidence-based supports
to the benefits of SNB as a complement to FNB in TKA [Zorrilla]. Furthermore, the FNB
group did not receive planned doses of stronger analgesics, such as retarded opioids, to
cover up for the incomplete pain control by the FNB. Thus, it is natural that the FNB group
needed more rescue analgesics. This uncontrolled bias of our series may support that the
positive analgesic effect with SSTS might not only be due to superior pain control, but also
due to an optimizable current standard pain management in the control group.

Few RCTs have specifically addressed the role of SSTS in postoperative pain. We
observed a significant difference in postoperative pain intensity between the two groups,
with better control using the SSTS protocol, as reported in other studies. Scardino et al.
reported lower pain upon movement in the SSTS group (95 patients) than in the cFNB
group (87 patients, control group) at all time points, and pain was properly managed
when local infiltration anesthesia (LIA) was worn off [33]. The efficacy of the treatment
adopted on pain relief was also suggested by the lower request of rescue doses (60% of
patients on cFNB vs. 5% of those using SSTS) [33]. Jove et al. showed that STSS 15 mcg
could improve the summed pain intensity difference (SPID) 48 h after TKA or total hip
arthroplasty (SSTS 76 vs placebo −11) [27]. They also reported a mean NRS pain scores
at 24 h of 3.9 (±0.2) for SSTS versus 5.1 (±0.4) for placebo (p = 0.002) [27]. However, in
both studies, the significant and pronounced effect of SSTS should be analyzed considering
that the patients in control group were treated with placebo [27]. Other authors did not
find a clinically significant pain improvement analyzing a series of patients treated with
TKA in multimodal analgesia under an enhanced recovery protocol, comparing sublingual
sufentanil 15 mcg tablet system and oral oxycodone [13]. Different investigators confirmed
these results on different scales and at different intervals. We normalized all NRS to a
0–10 range. Most of the authors considered pain intensity between 12 and 24 h after surgery,
whereas pain intensity over the first 24 h was reported in 12 studies (including 2327 patients
with 1844 in the SSTS group). All participants in SSTS group reported NRS ′′4 within 24 h
after surgery, [34] and only one trial recorded NRS at 12 h of 5 and at 24 h of 4.5 [2]. It is
important to point out that this was the highest pain score recorded among patients treated
with SSTS [34]. Numerous studies reported the use of rescue medication medication, IV
morphine, oral morphine, oral oxycodone, and acetaminophen, ketorolac) if analgesia with
SSTS is insufficient [22,24,27,28,33–37]. In our study, we found a clear reduction in calls for
rescue analgesia (p < 0.0001), even if it appeared that the pain intensity was not significantly
reduced, except for the mean value of NRS in the first 24 h.

Our hypothesis is that SSTS offers a more stable analgesic coverage, distinguishing
itself from the strategy used for the controls (ropivacaine + paracetamol), which instead
requires continuous rescue intervention to ensure adequate pain control. Furthermore,
comparable NRS values but with a higher number of calls suggest that NRS values were
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not detected every time the patient required rescue intervention but after the therapy had
taken effect. This is explained by the fact that in real life, patients complaining of pain are
treated without necessarily paying attention to its measurement using appropriate scales.
However, we think that a RCT with the combined use of both techniques (SSTS + cFNB)
should be carefully evaluated due to promising results. The SSTS system allows the patient
to sufficiently control for any pain not being covered by regional analgesia or particularly
in case of a failed block, but still, additional regional analgesia may save opioids and thus
reduce opioid-related side effects. In addition, a saphenous nerve block may have some
advantages over the cFNB regarding motor function and early mobilization.

A clear advantage of SSTS is the administration modality, without the need for addi-
tional venous access, which reduces the intrinsic risk of infections linked to invasive routes
of administration in selected patients (e.g., oncologic patients). Regarding usability, SSTS
was well accepted by both patients and care providers, and Turnbull et al. described SSTS
as easy and quick (approximately 4 min per patient), and its functioning is easy to explain
to patients. A further advantage of SSTS with sublingual tablets is the oral administration,
reducing the risk of infection, analgesic gaps, or conduct obstruction related to the classic
pump or IV catheter infusion [27,35,38,39].

We reported an extremely significant reduction in calls to nurses (p < 0.0001). This in
the SSTS group supports the managerial superiority of the SSTS, both in terms of analgesic
therapy (self-administered) and the ward, allowing a redistribution of human resources.
In fact, nursing staff are not employed in the preparation and administration of analgesic
therapy, which increases patient comfort. The second aspect concerns the intrinsic risk,
linked to human factors, of possible mistakes in the administration of analgesic therapy.
This risk is eliminated by delegating dosage control of analgesia to the device.

The incidence of adverse effects reported in our study were line with the literature:
PONV (6%), with nausea (10%), constipation (24%), disorientation (6%), and bladder globe
(4%) the most frequently observed. In a study of 100 patients treated with SSTS after knee
or hip arthroplasty, the adverse events reported were nausea (34.9%), vomiting (10.8%),
desaturation (7.0%), constipation (4.8%), pruritus (4.8%), headache (4.1%), dizziness (5.1%),
and confusion state (2.5%) [27]. Similar results have been reported by Melson et al., with
nausea (42.9%), vomiting (13.8%), desaturation (9.6 %), and constipation (11.3%) the most
frequent [22]. Although studies have shown that SSTS could save time in the ward, the
most interesting advantage we observed from the use of SSTS was the patient’s satisfaction
rate, as reported in previous papers [13,21,35,40–42].

The mean hospitalization duration was significantly lower in the SSTS group than in
the control group (7.06 days vs. 8.62 days; p = 0.039). Scardino et al. described how patients
in the SSTS group were able to ambulate earlier after surgery and achieve the goals set by
the fast-track protocol. Moreover, patients in the SSTS group were all discharged from the
hospital within three days of surgery compared to only 36% of the cFNB patients [29]. This
study reported similar results but differed from ours in the combined use of cFNB with
multimodal drug therapy which included oxycodone/nalaxone 10 mg/5 mg tablets twice
daily plus ketoprofen 100 mg 2 capsules/24 h or, in case of NSAID intolerance, paracetamol
1 g three times a day [29].

5. Conclusions

The sublingual sufentanil system (SSTS system, Zalviso®) is an investigational patient-
controlled system that utilizes the SST system to treat moderate-to-severe acute pain in
the hospital setting. This system has advantages over IV PCA and has been demonstrated
to provide rapid analgesia and achieve high patient and nurse satisfaction ratings in
clinical use. Our data confirm the safety and tolerability of SSTS in the management of
postoperative pain, resulting in a high level of patient satisfaction and acceptance of pain
control. This study demonstrates how the SSTS reduces the need for interventions by
healthcare personnel, allowing a redistribution of resources and a reduction in the use
of analgesic drugs. A randomized controlled trial is required to provide a conclusive
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answer. Since this study only evaluated results directly after surgery, future studies could
be expanded with long-term results, preoperative pain scores, and the inclusion of more
patients could help obtain significant results.
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