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Abstract: Enhanced recovery after surgery (ERAS) programs are developed to prevent factors that

delay postoperative recovery as well as issues that cause complications. The development of video-

assist thoracoscopic surgery (VATS) techniques favors the fast recovery after thoracic procedures. ERAS

strategies are based on multidisciplinary approach in which the anesthetist plays an important role from

the preoperative to the postoperative phase with several goals. After preoperative evaluation and medical

optimization, the anesthetist must ensure a tailored anesthetic plan aiming to a fast recovery and adequate

pain relief to reduce the response to the surgical stress. The present narrative review presents the major parts

of the ERAS anesthetic approach to VAT lobectomy like short-acting drugs, protective one-lung ventilation

(OLV), fluid administration and opioid-sparing multimodal analgesia.
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Introduction

Enhanced recovery after surgery (ERAS) programs are
developed to prevent factors that delay postoperative
recovery as well as issues that cause complications (1,2).
ERAS strategies are based on multidisciplinary approach to
optimize the perioperative surgical path. The ERAS society,
funded in 2001, has published many guidelines addressing
the ERAS pathways for several abdominal surgeries, head
and neck surgery and breast surgery (freely available at:
www.erassociety.org). The development of video-assist
thoracoscopic surgery (VATS) techniques favours the fast
recovery after thoracic procedures. Nevertheless, there is
little literature on implementation of fast track protocols in
thoracic setting. To date, the thoracic noncardiac protocol has
not yet been published by the ERAS Society. The purpose
of this article is to report on current concepts regarding
anesthesiologist’s role in the ERAS pathways for VATS
lobectomy. The text is divided into three parts in relation to
the three major phases of the surgical path: the preoperative,
the intraoperative and the postoperative phase (7able 1).
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Preoperative phase

Preoperative evaluation is essential to estimate postoperative
outcome, optimize medical therapy and to identify the
best perioperative strategy for the patient undergoing lung
surgery (3,4). The anesthesiologist seems to be the ideal
person to guide the multidisciplinary team of specialists
(surgeon, pulmonologist, cardiologist, oncologist) involved
in the risk assessment process (4). This approach considers
the type of intervention, age, co-existing comorbidities and
other risk factors with pulmonary and cardiac evaluation.
These data are combined to optimize the medical therapy,
if necessary, and to define the anesthetic plan. This
comprises the choice of anesthetics as well as the loco-
regional technique. Provide information on anesthesia and
postoperative pain management strategy is useful to reduce
anxiety and involve the patient in the program, especially if
adding a patient-controlled regimen as part of the analgesia
protocol (both regional and systemic) is planned. Finally,
premedication should be avoided whenever possible.
Long-acting drugs can delay postoperative recovery (5).
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Table 1 Main components of ERAS program for thoracic anesthesia

Preoperative phase
Risk assessment
Medical optimization
Anesthesia care plan
Information on anesthesia and postoperative pain management
Avoidance of premedication
Intraoperative phase
Short-acting drugs
Loco-regional techniques
Protective one-lung ventilation
Careful fluid administration
Prevention of hypothermia
PONV prevention
Postoperative phase
Multimodal opioid-sparing analgesia based on:
()  Loco-regional technique
(I)  NSAID
(Il paracetamol

(IV) patient-controlled analgesia delivery mode for opioids

ERAS, enhanced recovery after surgery; PONV, postoperative
nausea and vomiting; NSAID, nonsteroidal anti-inflammatory
drugs.

If necessary, small incremental doses of short acting drugs
(midazolam, propofol) can be administered in the operating
room to facilitate loco-regional anesthetic procedures
before induction of general anesthesia. ERAS programs aim
to maintain euvolemia, normal cardiac output and oxygen
delivery to preserve cellular function and promote tissue
injury repair (1). This goal is pursued allowing intake of
clear fluids and specific carbohydrate drinks until 2 hours
before anesthesia. The anesthesiologist must promote this
practice even it mostly depend on the endorsement of the
surgical ward staff.

Intraoperative phase

The intraoperative anesthesiologist’s goals to promote
ERAS are: rapid recovery from anesthetics, maintenance of
homeostasis and postoperative nausea and vomit (PONV)
prevention. The main parts of general anesthesia are
hypnosis, analgesia and muscle relaxation. Both volatile
and intravenous anesthetics result in fast recovery after
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surgery. Volatile anesthetics attenuate inflammatory
response after one-lung ventilation (OLV) compared to
intravenous anesthetics (6), but this difference did not
translate in better major outcome (7,8). Currently, neither
is superior to the other but total intravenous anesthesia
(TTIVA) is advisable in case of air loss due to dual-lumen
tube or bronchial blocker malpositioning or parenchymal
leakage to prevent volatile anesthetic diffusion in the
operating room. Finally, propofol-based TIVA reduces
PONV (9). Intraoperative analgesia is based on opioids
administration and loco-regional techniques. Remifentanil
has the best favourable pharmacokinetic/pharmacodynamic
profile characterized by fast onset and very short context-
sensitive half-life (9). Intraoperative use of loco-regional
anesthesia has an opioid-sparing effect enhancing the
recovery and reducing PONV. Muscle relaxation facilitates
tracheal intubation, mechanical ventilation, and surgical
exposure. Postoperative residual curarization (PORC)
increases morbidity and prolongs recovery (10). The
incidence of PORC is reduced when intermediate-
acting neuromuscular blocking agents are used (11).
Neuromuscular monitoring is mandatory to manage
neuromuscular block and guide reversal administration.
Sugammadex is the faster and safer reversal drug, when
aminosteroids, such as rocuronium and vecuronium, are
administered (12,13).

Anesthesiologist must also lead a “protective anesthesia”
to ensure the overall homeostasis and enhance the recovery
after VAT'S lobectomy. Mechanical ventilation and fluids
are considered major risk factors for acute lung injury (ALI)
if not adequately managed (14). Protective OLV is currently
based on low tidal volume (46 mL/kg), initial low positive
end-expiratory pressure (PEEP =5 cmH,0), low FiO, (15).
This approach aims to minimize the ventilator-induced
lung injury (VILI) due to mechanical, inflammatory and
oxidative stress (16). The treatment of hypoxemia (if the
tracheal tube is correctly positioned) is primarily based on
optimization of lung ventilation using alveolar recruitment
maneuvers and setting the best PEEP level (15,17).

With regard to fluid administration, liberal regimen
predisposes to fluid overload and ALI while an excessive
restrictive management may result in acute kidney
injury (18). Zero fluid balance state is the main target to
enhance recovery and improve outcomes (19,20). Today,
there is no consensus on the best approach for management
of fluid therapy during thoracic surgery. Some authors
propose a maintenance basal fluid infusion equal to
1.5 mL/kg/h (18) and to avoid a total crystalloids infusion
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of 2 L (21). Balanced crystalloids are the first choice fluids
while colloids should be used to replace intraoperative
losses. Rational management of fluid and vasopressors
administration is often based on goal-directed protocols
using hemodynamic parameters. Unfortunately, dynamic
indices of fluid responsiveness like pulse pressure variation
or stroke volume variation are not reliable in open chest
condition (22). Similarly, the accuracy of transpulmonary
thermodilution system for extravascular lung water in
lung resection surgery is controversial (21,23). Thus, the
best pragmatic approach is probably to use hemodynamic
parameters like arterial pressure, cardiac output (and stroke
volume) as well blood lactate and central venous oxygen
saturation to estimate oxygen delivery adequacy. Finally,
transesophageal echocardiography can be used to evaluate
a complex hemodynamic scenario and select the proper
treatment (24).

Other crucial intraoperative issues are prevention of
hypothermia and PONV. Hypothermia increases bleeding,
cardiovascular complications and wound infections (25-27).
The patient’s temperature should be always monitored and
forced-air and fluid warming system used to counteract
intraoperative-induced hypothermia. PONV prophylaxis is
fundamental to enhance recovery after general anesthesia.
The Apfel score is useful to stratify patients from low-to-
high risk for PONV (28) and guide antiemetic prophylaxis.
A multimodal approach to PONV should be adopted
for all patients (29). The most used antiemetics are
dexamethasone, ondansetron and droperidol (30,31).

Finally, postoperative analgesia already begins in the
operating room. Intraoperatively, the anesthesiologist uses
a multimodal approach based on loco-regional technique
with nonsteroidal anti-inflammatory drugs (NSAIDs),
paracetamol, opioids to encourage the best possible
awakening from anesthesia (32). During the intervention,
N-methyl-D-aspartate (NMDA) antagonists like ketamine
and magnesium sulphate can reduce the risk of opioid
induced hyperalgesia decreasing postoperative pain and
opioid consumption (33,34). Currently, there are no data
on the efficacy of NMDA-antagonists in the context of pain
treatment after VAT'S lobectomy.

Postoperative phase

In the ERAS pathway, from the anesthesiologist’s point
of view, acute pain management is the most important
postoperative issue. Adequate pain relief is mandatory for
enhance recovery because it allows early mobilization,
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feeding and upturn of gastrointestinal function. The
most effective strategy to face the pain is the multimodal
approach (32,35,36). It consists in the concomitant use of
different analgesic drugs with distinct nociceptive target
to enhance the effect of each drug reducing side effects.
This concept is extremely important in ERAS protocols
to guarantee the greatest pain relief together with opioid-
sparing effect (37,38).

The main components of multimodal analgesia are:
NSAIDs, paracetamol, opioids and regional analgesia. The
goal is to take advantage of several analgesia techniques
to minimize the consumption of opioids. NSAIDs and
paracetamol reduce opioids demand, postoperative sedation
and PONV (39-42). They should always be part of a
multimodal pain treatment and administered on a scheduled
basis. NSAIDs may be associated with kidney disfunction,
gastrointestinal bleeding, and platelet disfunction but there
is no evidence of increased postoperative risk of bleeding
due to these agents (43). Opioids are used for intraoperative
and postoperative analgesia. The opioid-sparing aim of
ERAS protocols can’t totally exclude their use, if needed.
Given the great interindividual pharmacokinetic and
pharmacodynamic variability of opioids, their intravenous
continuous infusion or intramuscular administration should
be avoided in favour of patient-controlled analgesia (PCA)
modality (35). PCA systems allow to individualize opioid
consumption contributing to the decrease of opioid-related
side effects like hypotension, respiratory depression, itching,
PONYV, bowel ileus and sedation (44,45). Morphine is the
most used opioid to treat acute postoperative pain but, for
minimally invasive surgery like VATS, even weak opioids
like tramadol and codeine are suitable.

In all ERAS programs, the cornerstone of acute
pain management after major surgery is epidural
analgesia (2,32,37). Thoracic epidural analgesia (TEA)
is recommended as the goal standard technique for pain
treatment following thoracotomy (46,47). TEA provides
better postoperative analgesia compared with parenteral
opioids (48) but it can’t be used in some circumstances (i.e.,
use of anticoagulants, coagulopathy, spine deformity) and
requires proper management in the ward due to issues like
hypotension, respiratory depression, urinary retention,
and motor block. These limitations have promoted the
development of alternative regional techniques. The most
efficacious one is thoracic paravertebral block (TPVB).
TPVB has a higher safety profile and less side effects than
TEA (49,50). After thoracotomy, TPVB is associated with
pain relief, major complications, length of hospital stay
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* Consider TEA if high risk of conversion to thoracotomy.

Figure 1 Essential elements of multimodal analgesia after VATS lobectomy. Loco-regional analgesia should be always included in the

anesthetic plan. TPVB is the first choice technique but TEA should be considered in case of high risk of conversion to thoracotomy.

ICNB or SAPB are usable as secondary alternatives to TPVB. Regional techniques must be supplemented with NSAID, paracetamol and,

if necessary, with opioids. NSAIDs, paracetamol and weak opioids must be administered on a regular schedule. The use of PCA delivery

system is recommended for strong opioids administration to individualize the dosage. TPVB, thoracic paravertebral block; ICNB, intercostal

nerve block; SAPB, serratus anterior plane block; NSAID, nonsteroidal anti-inflammatory drug; PCA, patient controlled analgesia; TEA,

thoracic epidural analgesia.

and 30-day mortality comparable to TEA (49). For these
reasons, TPVB is considered the ideal choice for pain
management after VATS (51). TPVB can be performed
with several techniques: the blind, the ultrasound-guided
or the surgical approach. No study has compared these
approaches but, currently, the ultra-sound technique seems
the preferable. The search for less invasive techniques has
led to the proposal of new approaches like the retrolaminar
block (RLB) and the mid-point transverse process to pleura
(MTP) block (52,53). Both techniques aim to inject the
local anesthetic near the paravertebral space but farther
away from the pleura and the epidural space. They can
be considered “indirect” paravertebral blocks but are not
suitable for the placement of a catheter for continuous
infusion. Presently, there is no evidence for the use of
RLB and MTP block for pain management after VATS
lobectomy. Other regional techniques for analgesia after
VATS include the intercostal nerve block (ICNB) and
the serratus anterior plane block (SAPB). ICNB is a good
alternative to TEA and TPVB, if combined with PCA
therapy (46). SAPB has been recently proposed for breast
surgery (54) but new data are emerging on its efficacy for
pain management after thoracic surgery too (55-57). SAPB
advantages include ease of execution (under ultrasound
guidance) and peripheral action. However, more studies
are needed to confirm its role in the context of the VATS
lobectomy analgesia. Erector spinae plane (ESP) block is
another interesting newly described technique for thoracic
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analgesia (58). The injection of local anesthetic deep to the
erector spinae muscles at T5 level has provided pain relief
for thoracic neuropathic pain, ribs fractures and thoracotomy
after TEA failure (59,60). Despite its promising results, the
limited experience with the ESP block does not yet allow to
recommend its use for analgesia after VAT lobectomy.

In summary, many regional analgesic techniques are
suitable for pain management after VATS lobectomy. The
minimally invasiveness of VAT'S suggests to reduce both the
invasiveness of loco-regional techniques and the potency
or dosage of opioids. TPVB is considered the first choice
regional technique in this context but ICNB and SAPB can
be valuable alternative even if they predispose more easily
to the need of opioids. Other techniques, like the ESP
block, seem to be able to become alternatives to TPVB in
the future. Alongside to regional techniques and opioids,
the multimodal analgesia must always comprise one NSAID
and paracetamol on a scheduled basis (Figure I).

Conclusions

Careful evaluation of single patient and planning of the
anesthetic care are mandatory to join the ERAS philosophy
in the era of VATS lobectomy. Preoperative optimization,
minimization of side effects of anesthetics and analgesics,
protective OLV, careful fluids administration and
multimodal analgesia protocol are the goals that anesthetists
must achieve to adhere to an ERAS program.
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