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Abstract: Video-assisted thoracoscopic surgery (VATYS) is a minimally invasive technique that allows a
faster recovery after thoracic surgery. Although enhanced recovery after surgery (ERAS) principles seem
reasonably applicable to thoracic surgery, there is little literature on the application of such a strategy in this
context. In regard to pain management, ERAS pathways promote the adoption of a multimodal strategy,
tailored to the patients. This approach is based on combining systemic and loco-regional analgesia to favour
opioid-sparing strategies. Thoracic paravertebral block is considered the first-line loco-regional technique
for VATS. Other techniques include intercostal nerve block and serratus anterior plane block. Nonsteroidal
anti-inflammatory drugs and paracetamol are essential part of the multimodal treatment of pain. Also,
adjuvant drugs can be useful as opioid-sparing agents. Nevertheless, the treatment of postoperative pain
must take into account opioid agents too, if necessary. All above is useful for careful planning and execution
of a multimodal analgesic treatment to enhance the recovery of patients. This article summarizes the most
recent evidences from literature and authors’ experiences on perioperative multimodal analgesia principles

for implementing an ERAS program after VAT'S lobectomy.
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Introduction guidelines (freely available at www.erassociety.org) take
Enhanced Recovery After Surgery (ERAS) is a multimodal, into consideration the perioperative management of

multidisciplinary approach to surgical patients with the aim analgesia. ‘The role of pain management in ERAS pathways

of enhancing the quality of recovery after surgery (1,2). is fundamental, considering the importance of containing
This strategy translates into faster post-operative recovery surgical stress, reducing pain-related complications and
and improvements of outcomes. All the ERAS Society speeding recovery (2-5).
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Although the ERAS principles seem reasonably
applicable to thoracic surgery, there is little literature on the
application of such a strategy in this context. For certain,
the evolution of minimally invasive thoracic surgery has
created a more favourable framework for the drafting
of ERAS programs. In regard to pain management, it
promotes the adoption of a multimodal strategy, tailored to
the patients. Yet there is currently no consensus on the best
strategy for treating pain after video-assisted thoracoscopic
surgery (VATS) (6). Despite the reduced invasiveness when
compared to the thoracotomic approach, postoperative pain
after VAT'S must still be considered moderate-severe (7,8).

This article summarizes the most recent evidences
from literature and authors’ experiences on perioperative
multimodal analgesia principles for implementing an
ERAS program after VATS lobectomy. Some technical or
pharmacological aspects of pain therapy and postoperative
nausea and vomit prevention are not herein discussed
because already analyzed in other articles included in this
issue of the journal.

Multimodal analgesia strategy

Multimodal analgesia is the most effective strategy to
improve pain relief and reduce the side effects of every
single agent (4,9,10). It is based on the use of a variety of
analgesic agents and/or techniques that target different
nociceptive mechanisms. The latest comprehensive
guidelines on postoperative analgesia, published in 2016
by the American Pain Society, the American Society of
Regional Anesthesia and Pain Medicine, and the American
Society of Anesthesiologists’ Committee on Regional
Anesthesia, strongly recommends that clinicians offer
multimodal analgesia for the treatment of postoperative
pain in both children and adults (strong recommendation,
high-quality evidence) (9). Back in 2010, the Italian Society
of Anesthesia, Analgesia and Intensive Care (STAARTT)
already recommended the adoption of multimodal
analgesic strategies and underlined the importance of
their adjustment to fast-track surgical settings (10). Recent
reviews on analgesic care in ERAS protocols report the
same concept, highlighting the necessity of combining
systemic and loco-regional analgesia to favour opioid-
sparing strategies (4,5,11). The latter goal is extremely
important, to minimize not only the side effects of this
pharmacological class, but also the risk of respiratory
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complications of patients undergoing thoracic surgery.

Systemic intravenous analgesia

Systemic analgesia is a fundamental component of any
multimodal approach. The administration of analgesic
drugs must be scheduled and include a rescue strategy for
inadequate pain relief (10).

Opioids

Opioids have largely been used for pain management
after thoracic surgery because of its severity. Pre-emptive
administration of these agents is no longer recommended
(9,12). Given the wide interindividual response, metabolism
and elimination of opioids, their administration should be
delivered via patient-controlled analgesia (PCA) devices (9)
avoiding intravenous continuous infusion or intramuscular
administration of opioids. Obviously, impaired cognitive
function contraindicates PCA use (9). Finally, routine basal
infusion of opioids with PCA must be avoided in opioid-
naive patients because it increases the risk of side effects
(9,13-16). Opioid-related side effects are in fact numerous,
and include hypotension, respiratory depression, itching,
nausea and vomit, bowel ileus, confusion and sedation
(16,17). For these reasons, whenever possible, the use of
opioids should be avoided or at least reduced to enhance
recovery after VATS lobectomy. However, opioids still
represent a significant component of pain therapy, and
can be administered as a rescue analgesic when other non-
opioid analgesics fail.

Morphine is the most used opioid for pain management
after surgery. It has an onset time of about 30 minutes and a
duration of action of 4-6 h after intravenous administration
(18,19). Some of its metabolites are actually more active
than morphine itself and can accumulate in case of
kidney failure (18), so its clinical effect must be carefully
monitored. During PCA administration, the typical dose
is 1-2 mg bolus with a lock-out interval of 6-12 minutes
(15,16,20).

Fentanyl and sufentanil are powerful lipophilic opioids
with faster onset time and shorter duration of action when
compared with morphine. Fentanyl is frequently used as
the intraoperative opioid of choice. Both fentanyl and
sufentanil can technically be used for PCA, but no robust
data is available on their use for acute pain management
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after thoracic surgery. Conversely, their use is common
in combination with local anesthetics as part of epidural
analgesia. Recently, a sufentanil sublingual tablet system has
been proposed as a novel PCA device (21,22). It delivers
15 mcg of sufentanil with a lock-out interval of 20 minutes.
This non-invasive PCA system is attractive and potentially
adapt to an ERAS program but no data is currently available
in regard to thoracic surgery.

Oxycodone is another opioid administered via the oral
route with an onset time of 1-2 h and a duration of action of
4 h. Its use has been successfully proposed for postoperative
pain management of patients undergoing thoracoscopic
surgery once they have resumed oral intake (23).

Given the reduced invasiveness of VATS procedures,
weak opioids are suitable for postoperative acute pain, if
associated with a proper loco-regional technique. Codeine
is extensively used for the treatment of moderate pain.
It is usually administered via oral route combined with
paracetamol to exploit their synergistic effect (24,25).
"Tramadol can instead be used intravenously in the immediate
postoperative period. It produces analgesia through two
mechanisms of action: mu-opioid receptor activation
and serotonin and norepinephrine reuptake inhibition. It
must be noticed that the concomitant use of ondansetron,
a commonly associated antiemetic agent, can reduce
its efficacy due to its effect on serotonin receptors (26).
Tramadol is usually administered intravenously (100 mg
every 6-8 h) or orally (50-100 mg every 6-8 h) for the
treatment of mild and moderate pain, and is also useful for
the prosecution of an analgesic therapy based on a strong
opioid (i.e., morphine).

Nonsteroidal anti-inflammatory drugs (NSAIDs)

NSAIDs administration reduces opioids demand of
30-35% (27). They increase the risk of kidney failure, gastric
bleeding and have antiaggregant platelets effect. Recently,
a meta-analysis has denied its role in increasing bleeding
risk after surgery (28). There are no specific data on this
topic as regard thoracic surgery but there is no reason to
hypothesize the contrary. Nowadays, ketorolac is the most
used NSAID in the postoperative phase. Its posology is
30 mg i.v. every 8 h for 2 days (29). Ketorolac and
diclofenac have both shown efficacy after VATS,
with comparable results (30). Indomethacin has been
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associated with a better pain relief after thoracotomy (31)
but its use is uncommon in this context.

Paracetamol

Like NSAIDs, paracetamol enhances analgesia and
produces an opioid-sparing effect, reducing postoperative
postoperative nausea and vomiting (PONV) and
sedation (32-35). It is well tolerated and not burdened
by NSAID-like side effects. Its only limit is the potential
for hepatotoxicity but at doses of more than 4 g per day.
Moreover, a randomized controlled trial (RCT) showed
a decrease of postoperative ipsilateral shoulder pain after
thoracotomy (36). The intravenous dosage for postoperative
pain is 1 g every 6-8 h. Given its safe pharmacodynamic
profile and its synergic effect with other analgesics,
paracetamol must be considered as a first choice in a
multimodal analgesic protocol.

N-methyl-D-aspartate (NMIDA) antagonists

The inhibition of NMDA receptors decreases postoperative
pain and opioid consumption (9). Ketamine is used at sub-
anesthetic doses as an infusion during and after surgery. It
can reduce intravenous PCA morphine use and PONV (37).
Although it happens rarely, one must consider that it can
cause dysphoria. Magnesium sulphate is another NMDA
antagonist that can decrease postoperative pain and opioid
consumption (38).

Dexamethasone

Dexamethasone is a steroid agent useful for PONV
prevention (10). A recent meta-analysis demonstrated that it
also decreases postoperative pain and opioid consumption (39).
Particularly, the 8-mg dose does not seem to be superior
than the 4 mg one.

Lidocaine

Lidocaine hydrochloride is a short acting local anesthetic
that can be administered as an intravenous infusion during
and after surgery. Its use is implemented in many ERAS
program (5). The infusion of lidocaine for thoracotomy has
resulted in reduced pain and morphine consumption in the
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first 6 h after intervention (40). Unfortunately, this result
was not confirmed after VAT'S surgery (41). Given the lack
of evidence of lidocaine’s efficacy in this context, it seems
reasonable to consider it as a second line treatment.

Gabapentinoids

Gabapentinoids (gabapentin and pregabalin) are
antiepileptic agents commonly used to treat neuropathic
pain. Their use has been proposed as opioid-sparing
agents and to prevent the insurgence of post-thoracotomy
neuropathic pain. Meta-analyses indicate that preoperative
administration of gabapentinoids may also reduce
postoperative pain and opioid consumption (42,43).
Preoperative gabapentin before thoracotomy has not shown
to reduce pain, opioid consumption nor the prevalence of
neuropathic pain at 3 months after surgery (44). Conversely,
pregabalin has demonstrated promising results in terms of
post-thoracotomy neuropathic pain (45,46). There is no
data concerning the use of gabapentinoids in the context
of VATS surgery. Both agents (especially gabapentin) are
associated with sedation, dizziness, and visual disturbances.
Considering these side effects, gabapentinoids must be used
with caution and cannot be recommended for routine use in
ERAS protocols, especially in elderly patients.

Loco-regional analgesia
Thoracic epidural analgesia (TEA)

TEA is considered the gold standard technique for
pain management after thoracic surgery (47,48) and
recommended as first choice in many ERAS protocols for
other surgeries (especially for open surgical cases) (4,5). It
provides a better pain relief than opioid PCA treatment
and promotes recovery. Opioids can be associated to local
anesthetics to increase the efficacy of epidural analgesia.
Along with TEA’s effectiveness, its invasiveness must be
taken into account, which might limit its use in some
circumstances (i.e., use of anticoagulants). TEA has several
other limitations: the placement of thoracic epidural
catheter can be challenging, there is a need for adequate
skilled care providers for its perioperative management, and
it can cause sympathetic blockade, respiratory depression,
urinary retention and, rarely, local complications both
during and after procedure. Today, the most used local
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anesthetics for postoperative TEA are ropivacaine 0.2% and
levobupivacaine 0.125% at an infusion rate usually between
6-10 mL/h.

Thoracic paravertebral block (TPVB)

In the context of mini-invasive surgical approaches, such
as VATS lobectomy, it becomes imperative to evaluate the
risk-benefit ratio of any invasive loco-regional technique. In
the last 15 years, the TPVB has grown in popularity and it
is now increasingly proposed as an alternative to TEA. It is
comparable to TEA, but associated with less side effects (49)
and an improved safety profile (50). A recent meta-analysis
has equalized it to TEA with respect to pain relief, major
complications, length of hospital stay and 30-day mortality
for patients undergoing thoracotomy (49).

The single-shot TPVB was effective for pain control
after VAT'S mainly in the immediate postoperative period
in several studies (51). For an adequate postoperative pain
management, it needs to be associated with an opioid-based
PCA, as commonly done in UK (52). Alternatively, a longer
analgesic coverage can be obtained with the continuous
TPVB, i.e., the infusion of local anesthetics via a catheter
placed in the paravertebral space (53).

The TPVB can be performed with the blind technique,
the ultrasound-guided approach or intraoperatively by
the surgeon. Currently, no study has compared these
techniques but the ultrasound-guided one is reasonably the
most accurate and safe approach. The TPVB is easier and
safer than TEA to perform, but it is not devoid of possible
complications such as pneumothorax, hemodynamic
compromise, or total spinal anesthesia (54-58). Thus, new
approaches to the TPVB for breast surgery have been
proposed: the retrolaminar block (RLB) and the mid-
point transverse process to pleura block (MTP block)
(59,60). In both cases, the local anesthetic is injected near
the paravertebral space providing similar effect. A clear
limitation of these techniques appears the inability to place
a catheter for continuous postoperative infusion. At the
current time, we do not recommend RLB and MTP blocks
for pain management after VATS.

The best local anesthetic concentration for TPVB is
not known, it ranges between bupivacaine 0.1-0.25% at
5-12 mL/h to ropivacaine 0.2% at 4 mL/h (18). The addition
of clonidine or fentanyl to the TPVB has not shown benefit
after thoracotomy (61) and is not recommended.
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Intercostal nerve block (ICNB)

ICNB is a well-known, fairly simple technique for pain
management after thoracotomy (47). Both the single-shot
technique and the continuous infusion are possible, but
only the latter seems effective after thoracic surgery (62).
Other successful strategies contemplate the use of liposomal
formulations (63,64). The continuous infusion of local
anesthetic in the intercostal space provides adequate pain relief,
comparable to TEA, until the 5th postoperative days after
thoracotomy (65). After VATS, it is effective for up to 16 h
and reduces morphine consumption for the first 24 h (53).
In conclusion, ICNB is suitable in combination with PCA

therapy when TEA or TPVB have not been performed (47).

Serratus anterior plane block (SAPB)
The SAPB was originally proposed for breast surgery (66)

but its applications have later been extended, and is now
often used in thoracic surgery. It is an ultrasound-guided
thoracic wall nerve block that covers the lateral cutaneous
branch of the intercostal nerves from T2 to T9 (67). The
SAPB provides more hemodynamic stability compared
with TEA after thoracotomy (68) and potentiates PCA
analgesia reducing pain and morphine consumption (69).
In the first study, a loading dose of levobupivacaine 0.25%
30 mL was followed by a continuous infusion at 5 mL/h
(with levobupivacaine 0.125%). Furthermore, in a small
randomized trial comparing tramadol-based PCA wvs.
tramadol-based PCA plus single-shot SAPB (bupivacaine
0.25% 20 mL) in patients undergoing VATS, the loco-
regional technique reduced pain and opioid consumption
in the first 24 h after intervention (70). The limited
invasiveness of this technique is intriguing for VATS but,
despite the promising results, more studies are needed to
confirm its effective potential in this context. However, the
SAPB, along with the ICNB, can be considered as a second
choice whenever the TPVB is not feasible. It can also be
implemented before the surgical incision, and associated with
the TPVB performed intraoperatively by the surgeon under
direct view.

Erector spinae plane block (ESPB)

The ESPB is a newly described technique for providing
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thoracic anesthesia (71). Under ultrasound guidance,
about 20 mL of local anesthetic are injected 3 cm beside
the interspinous line at T'5 level deep to the trapezius,
rhomboid and erector spinae muscles. ESPB has been
proposed for thoracic neuropathic pain, rib fractures and
as rescue in thoracotomy after epidural failure (72-74).
Currently, the lack of experience with this technique does
not allow to define its role in the treatment of pain after
VATS and hence its use is not yet recommended.

From acute to chronic pain

Chronic postsurgical pain is a common and serious
complication after thoracic surgery [post-thoracotomy
pain syndrome (PTPS)] (50,75). Risk factors for the PTPS
include female gender, young age, anxiety, and depression.
Its prevalence is extremely variable, ranging from 9% to 80%
after thoracotomy and from 5% to 33% after VATS (76).
This difference between different surgical approaches
is not widely accepted (77). Intraoperative ketamine has
not demonstrated any protective effect over PTPS (17).
Similarly, there is no conclusive data in regard to
gabapentinoids for the prevention of chronic postsurgical
pain, even though pregabalin has shown promising results
after thoracotomy (48,49).

Today, an adequate postoperative pain relief together
with the inhibition of afferent pain transmission is
considered the best way to prevent PTPS (50,78,79). From
this point of view, loco-regional techniques play a primary
role and must be considered an indispensable part of the
multimodal pain therapy.

Conclusions

Effective perioperative pain management is a crucial part
of any ERAS program. Careful planning and execution of
the analgesic treatment, based on a multimodal approach,
is mandatory to enhance the recovery of patients (Figure I).
The wide range of loco-regional analgesia techniques for
thoracic surgery contributes to achieve this goal. So, we
strongly suggest that all patients receive the administration
of a local anesthetic through one of the techniques discussed
in this article as an integral part of the VATS surgery’s
analgesic protocol.
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Pre-operative patient assessment for
planning of analgesic strategy
(always use LR technique)

Consider TEA if high risk of
conversion to thoracotomy

<
<

\ 4

First choice: TPVB

\ 4

If TPVB not feasible: ICNB or SAPB
(or additional prior incision if TPVB performed
the end of procedure)

at

Always combine with IV
paracetamol + NSAID +/- strong
opioid (PCA) or weak opioid
(scheduled)

Figure 1 Schematic representation of post-operative pain management strategy after VATS lobectomy. The pre-operative patient

assessment allows to set the analgesic plan. The cornerstone is always the inclusion of a loco-regional technique. Thoracic epidural analgesia

should be considered if there is a high risk of conversion to thoracotomy. Otherwise thoracic paravertebral block is considered the first-line

loco-regional technique. If not feasible, it can be replaced with intercostal nerve block or serratus anterior plane block. These techniques

must be always integrated with systemic analgesia to meet the criteria of multimodal analgesia. LR, loco-regional; TEA, thoracic epidural

analgesia; TPVB, thoracic paravertebral block; ICNB, intercostal nerve block; SAPB, serratus anterior plane block; NSAID, nonsteroidal

anti-inflammatory drug; PCA, patient-controlled analgesia; VAT, video-assisted thoracoscopic surgery.
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