Review Article

Design and implementation of an enhanced recovery program in

thoracic surgery

Marc Giménez-Mila, Andrew A. Klein, Guillermo Martinez

Department of Anaesthesia and Intensive Care, Papworth Hospital, Cambridge, UK

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials and patients: None; (IV)

Collection and assembly of data: None; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All authors; (III) Final approval of

manuscript: All authors.

Correspondence to: Guillermo Martinez. Consultant Anaesthetist, Department of Anaesthesia and Intensive Care, Papworth Hospital, Cambridge, UK.

Email: guillermo.martinez@nhs.net.

Abstract: Despite significant improvements in perioperative care, major surgery is still associated with
major complications. Enhanced recovery after surgery was introduced by the National Health Service in
the UK with the aim of improving patient outcomes and reducing length of stay in hospital. The degree
of applicability differs between surgical specialties, and in thoracic surgery it has not been developed until
recently. We have therefore reviewed recent literature specific to thoracic surgery, and will discuss key
elements of the design, implementation and monitoring of an enhanced recovery (ER) program based on our
recent experience. The program is divided into several high impact intervention measures that involve the
preoperative, intraoperative and postoperative periods. Physical activity promotion and educational programs
that provide information about the surgery and the surgical pathway are an essential part of the preoperative
strategies. During surgery, an optimal pain control strategy, antibiotic prophylaxis and protective ventilation
are important. Minimally invasive surgery and well-planned postoperative care including early drain removal
and planned discharge are also important. Overall, we have shown that ER in thoracic surgery can facilitate
early discharge from hospital and possibly reduce postoperative complications. Further studies are required
to understand the extent of ER benefits when applied to thoracic surgery, and to test individual components

in a prospective manner.
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Introduction

Despite significant improvements in perioperative care,
major surgery is still associated with a number of major
complications, such as respiratory failure, cardiovascular
instability, acute renal impairment, infection and neurological
events (1-3). After thoracic surgery, acute lung injury,
persistent air leak, and chronic pain are amongst the
commonest complications (4-6). In a variety of video-assisted
thoracoscopy (VATS) procedures, the overall complications
rate has been shown to be between 3.7% and 20% (7-10).

The incidence of minor and major complications after
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lobectomy via thoracotomy in the first 30 days has been
reported to be 48.5% and 35.7% respectively (10). Mortality
has also been shown to vary, from 1.4% to 2% for anatomical
lung resection by VATS (6,11), to 3.7% in a historical cohort
of all types of lung resections (12).

In the late 1990s, Kehlet er 4/. (13) studied the
modulation of the perioperative stress, and the underneath
mechanism related to metabolic and immunological
response to surgical stimulation. Implementation of
better pain control and the introduction of minimally
invasive surgical techniques were thought to decrease the
stress response and surgical stimulation, respectively, and
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eventually reduce perioperative complications and length
of hospital stay (14,15). Later, Kehlet et a/. designed and
implemented a care package for patients undergoing
elective colorectal surgery, whose aim was to decrease
perioperative complications and length of stay (14). The
concept rapidly spread to a variety of surgical specialties,
including orthopedic, gynaecological, liver, ear nose and
throat, cardiac, and more recently thoracic surgery. Our
institution is one of the pioneers in re-engineering the
evidence based perioperative pathway for thoracic surgery
patients, in which we have incorporated the core principles
of perioperative optimization and enhanced recovery (ER).

In this article, we have reviewed the recent literature
about ER in thoracic surgery, and also describe our
institutional experience in the design, implementation
and monitoring of changes to the perioperative thoracic
pathway.

Methods

We searched the MEDLINE and EMBASE databases. The
following search terms were used: “enhanced recovery”,
“fast track surgery”, “thoracic surgery”, “prehabilitation”,
“pain thoracotomy”, “inflammatory response”, “length of

”» o«

stay”, “complications in thoracic surgery”, “VATS surgery”.
Studies included in the review were limited to those in
the English language. Studies found were analysed by the
authors and based on their relevance they were included in

the review.

Overview of ER programs

When ER is applied to colorectal surgery, it has been shown
to reduce postoperative complications and length of stay (16).
"Two recent meta-analyses comparing ER with conventional
care have shown a reduction in both, with a very similar
readmission rate (17,18). However, variation between
institutions may make it difficult to assess the real impact
of the interventions (19). Moreover, the degree of evidence
and hence the applicability of different interventions varies
between specialties, and colorectal surgery is the area in
which ER care has been most studied (20,21).

Generally, ER interventions are divided into the
preoperative, intraoperative and postoperative phases.
Preoperative interventions aim to ensure that the patient is
in the best possible condition for surgery; the preoperative
protocol should include nutritional assessment and
treatment, anaemia correction and smoking cessation
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advice. Likewise, optimization of underlying pathologies
such as diabetes mellitus, systemic hypertension, and
chronic obstructive pulmonary disease is performed.
Physical activity promotion and educational programs that
provide information about surgery and the ER pathway are
an essential part of the preoperative strategies, as well as a
plan for date of admission and discharge.

In the intraoperative phase, an optimal regional analgesic
technique is required, as well as perioperative hypothermia
prevention, antibiotic prophylaxis, avoidance of fluid
overload, minimising surgical drains, use of short acting
anaesthetic agents, and minimally invasive surgery where
possible.

Finally, in the postoperative period, an appropriate level of
postoperative care is required depending on comorbidities (i.e.,
high dependency, intensive care or general ward), aggressive
pain management, early mobilization, early oral intake, and
prophylaxis of nausea and vomiting are the main targets.

In addition to these specific measures, the ER program
relies on standardization of the care pathway, in which the
multidisciplinary team work together and a cultural drive
for change is the cornerstone of the program. Different
professionals such as general practitioners, anaesthetists,
surgeons, physiotherapists, specialist nurses, and dietitians
should all work altogether in a coordinated manner to
deliver the best clinical care and obtain the best possible
outcome.

ER in thoracic surgery

The development of an ER program in thoracic surgery
has received less attention than other surgical areas;
nonetheless, its introduction has shown to decrease
postoperative complications (21,22) and reduce length of
stay (23). In a prospective randomised controlled trial that
compared fast-track lung resection with conventional care,
the fast-track group had fewer complications (6.6%) than
the control group (35%) (24,25). Since the intervention
was tested contemporaneously in a single institution, not
surprisingly, length of stay in hospital did not differ between
the two groups (21,22). This highlights the importance
of a whole cultural change within an institution where all
interventions are coordinated and embraced by all those
who deliver perioperative care.

Preventza et 4l. (23) in a retrospective review, found
that after VATS wedge resection, only 8% of patients
stayed more than 5 days in hospital, 22% patients stayed
2 days and 70% of patients were discharged within a day.
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Table 1 Recommended interventions as part of an enhanced recovery program in thoracic surgery [Modified from Preventza ez al. (23)]

Parameter Action

Preoperative
Anaemia Diagnosis and treatment

Nutrition

Medical therapy

Physical activity

Psychological support

Pre-operative clinic

Screening and nutritional support
Optimisation of medical conditions

Maintain good exercise capacity

Psychological counseling if required
Detailed assessment of patient’s condition, risk calculation
Information about pathway care; working in partnership with patients

Education

Fasting Minimise fasting period; allow fluids two hours preoperatively
Intraoperative

Ventilation Protective ventilation should be applied

Fluids Fluid overload should be avoided

Tracheal extubation

Analgesia

Monitoring

Surgical access

Chest drains
Postoperative

Chest drains Low threshold for drain removal
Oral intake Aim for an early oral intake

Mobilisation Aggressive early mobilisation

One chest drain preferred to two

Elective extubation in the operating theatre if possible

Multimodal approach advised. Consider regional analgesic technique

Central venous and arterial line should be indicated in a selected high- risk group of patients
Minimally invasive limiting OLV duration time

Das-Neves-Pereira et al. (24) published a retrospective
study including 109 patients undergoing lobectomy via
thoracotomy in an ER program, and reported fewer
complications in the group of patients who followed the
fast-track protocol in comparison with the group who did
not followed the program.

Papworth ER program experience

The Papworth ER pathway incorporates most of the main
aspects of a conventional ER program, such as universal
preoperative anaesthetic assessment, optimization of
comorbidities and patient education (7able 1). All cases
are discussed by a multidisciplinary team, which includes
radiologists, oncologists, chest physicians and thoracic
surgeons. Preoperative optimization starts early in the
pathway, when patients are considered for surgery.
Nonetheless, a final assessment is provided in a “single
stop” clinic where patients are consented for surgery as
well as receive a preoperative anaesthetic assessment.
A special focus is put on working in partnership with patients
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regarding their own care. An estimated day of discharge is
discussed and a diary with expected postoperative progress is
handed to all patients.

In principle, all patients are eligible for day of surgery
admission unless there is a clinical contraindication (i.e.,
patients needs dialysis before surgery) or social support
limitation (i.e., patient lives more than three hours away
from hospital or has not enough familiar support at home).
Clear fluid intake up to 2 h before surgery is allowed (25)
and patients are transported to theatre in a wheelchair to
maintain mobility as much as possible.

Intraoperatively, invasive arterial monitoring and
peripheral venous access are used. We avoid routine insertion
of urinary catheters and central venous lines (Table I).
The administration of short acting anaesthetic drugs,
together with multimodal analgesia with non-steroidal
anti-inflammatory drugs (unless contra-indicated),
paracetamol, opiates and a surgically-inserted paravertebral
catheter allows good pain relief with minimal respiratory
depression. Therefore, early tracheal extubation in the
operating theatre is facilitated. Aggressive prevention
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and treatment of inadvertent hypothermia are part of the
standard of practice.

In our centre, when appropriate, the preference is
to insert one chest drain, as opposed to several. No
differences in amount of drainage and length of stay
have been demonstrated comparing 2 wvs. 1 chest drain,
however, one chest drain confers less postoperative pain and
enables earlier mobilization (25). After immediate tracheal
extubation in the operating theatre, patients are transferred
to the recovery area where they are closely monitored and
any immediate postoperative complications are actively
managed (Table 1). Optimal pain control is paramount. If
patients experience moderate to severe pain on arrival in
the recovery ward, an immediate (within 10 min of arrival)
extra dose of intravenous opiate is administered, and/or an
additional regional analgesic technique is performed (i.e.,
intercostal block, paravertebral block or epidural block), by
an experienced anaesthetist.

Our ER program includes early mobilization and early
chest drain removal. A higher threshold for drain removal
(<450 mL non-chylous, non-hemorrhagic drainage post
lung resection) has been shown to be safe (26); it reduces
pain and facilitates effective mobilization. Acute kidney
injury (AKI) is not uncommon after thoracic surgery,
with an incidence of up to 5.9% (27,28). Intraoperative
administration of hydroxyethyl starch is a proposed risk
factor for AKI (29) in thoracic surgery, and therefore we
never use this in our institution.

Optimal fluid therapy management is a controversial
topic. The description of the relationship between acute lung
injury and liberal fluid administration led to the adoption
of restrictive fluid management (30). Nevertheless, no goal
directed therapy to guide this restrictive fluid approach
has been validated for thoracic surgery (31). In our clinical
practice, intraoperative fluid administration is guided by
clinical criteria. Insensible losses throughout surgery are
replaced by the administration of Hartmann’s solution at a
rate of 1-2 mL/kg/h. If the clinical condition requires volume
expansion, we use small boluses of Gelofusine®. As part of
our fluid regimen, we administer Hartmann’s Solution at a
rate of 1-1.5 mL/kg/h for 12 h after surgery, and stop when
adequate oral intake is confirmed.

Analgesic technique: from epidural to
paravertebral

Initially, the first ER protocols defined epidural analgesia
as an essential part of the bundle of care, and it has been
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the gold standard technique for pain control after major
surgery for some time. However, its adverse effects, such
as urinary retention, low blood pressure and muscular
weakness, makes epidural analgesia less attractive as part
of an ER program, especially in elderly patients (32,33). In
addition, an increasing number of patients present with dual
antiplatelet therapy, renal failure and oral anticoagulation,
which may increase the potential risk of epidural bleeding
and its devastating complications (34).

Paravertebral analgesia provides a unilateral block of somatic
and sympathetic nerves that lie in the paravertebral space,
and is particularly useful in unilateral chest and abdominal
procedures (35,36). It is a block that can be performed
using landmarks technique with loss of resistance (37),
can be guided by a nerve stimulator (38), or use of
ultrasound (39). Due to the variation in efficacy with the
above-mentioned techniques, a paravertebral catheter
inserted during surgery under direct vision has gained
popularity in recent years (40). In 2006, Davies ezt al. (33)
published a systematic review comparing epidural with
paravertebral block in thoracic surgery, and reported similar
pain scores. Patients in the paravertebral group had fewer
failed blocks and fewer side effects like urinary retention,
hypotension and nausea. The authors concluded that
paravertebral blocks could be used effectively in thoracic
surgery.

At our institution, the surgically inserted paravertebral
catheter with a bolus dose of local anaesthetic followed by
a continuous infusion of local anaesthetic is the technique
of choice. Due to the latency of the paravertebral block,
the catheter is usually inserted at least 30 to 40 min
before the patient is woken up. There are no available
studies comparing surgically-inserted with percutaneous
paravertebral catheters. However, the percutaneous
approach ensures administration of local anaesthetic
thorough the procedure with a pre-emptive analgesic
effect. This analgesic administration before the surgical
stimulation occurs has been demonstrated to have an effect
on acute pain but not in preventing chronic pain (41,42).

Although a regional technique in general and
paravertebral block in particular are an essential part of our
perioperative pain control strategy, multimodal analgesia is
paramount in thoracic surgery. At our institution, all patients
receive a short acting opiate, cyclo-oxygenase-2 non-steroidal
anti-inflammatory drug, paracetamol and morphine patient
controlled analgesia. The role of ketamine in thoracic surgery
for acute pain and prevention of chronic pain is controversial.
In a recent meta-analysis (43), the authors concluded that
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the addition of ketamine to PCA morphine provides better
pain control compared with morphine-PCA alone. However,
two recent trials have shown that in patients who received
epidural and PCA analgesia, adding intravenous or epidural
ketamine did not provide better pain relief, probably due
to the optimized analgesia technique (44,45). The benefit
of ketamine on paravertebral block analgesia for thoracic
surgery has not been explored.

The use of gabapentin in a single preoperative oral dose
does not reduce pain scores or morphine consumption (46).
However, preoperative and postoperative administration
for 2 days provides better pain relief compared to
PCA-morphine alone. There are no studies testing
gabapentin combined with regional analgesia techniques in
thoracic surgery.

Acute lung injury in minimally invasive thoracic
surgery

One-lung ventilation (OLV) is necessary for most thoracic
surgical procedures, but is associated with a great many
of the respiratory complications after thoracic surgery,
including acute lung injury, which has an incidence
between 4% and 15%, depending on the type of lung
resection (11,47). Furthermore, patients who develop
postoperative acute lung injury or acute respiratory distress
syndrome have an increased risk of death after thoracic
surgery (48-50). During OLV, both lungs are prone to tissue
damage; the ventilated lung is prone to high non-physiologic
tidal volumes, and re-expansion of the collapsed lung
may be followed by a reperfusion injury response. This
inflammatory response is triggered by cytokine release
that can initiate further damage locally and also to the
contralateral lung. Modulation of this response has been
achieved by reducing OLV time, applying continuous
positive airway pressure (CPAP) to the collapsed lung (51),
and by the use of volatile anaesthetics (52). The use of
sevoflurane and desflurane compared with total intravenous
anaesthesia with propofol has shown to decrease the
release of pro-inflammatory mediators (4), but the clinical
correlation with outcomes such as acute respiratory
distress syndrome has only been demonstrated in a single
randomized controlled trial (53).

The use of VAT'S surgery may reduce the stress response,
but equally can be associated with longer OLV periods,
depending on operator experience and surgical difficulty. In
the context of perioperative ER interventions, the benefits
of an open thoracotomy with an experienced surgeon

© Journal of Thoracic Disease. All rights reserved.

S41

and short OLV has to be weighed against a relatively
inexperienced VATS surgeon and prolonged OLV time.

Although VATS surgery appears to be the preferred
surgical approach as part of the ER program for patients
undergoing lung resection, some studies have shown similar
results with an open thoracotomy approach. Cerfolio e 4/. (5)
presented a series of 500 single-surgeon consecutive
resections including lobectomy and pneumonectomy via
open thoracotomy, but maintaining all other perioperative
aspects of ER pathway. The median day of discharge was
day four postoperatively, with a morbidity of 21% and
mortality of 2%. The results point out that the whole ER
care package (high-volume centre, experienced surgeon,
immediate extubation, good analgesic technique) could
potentially be more important than the surgical technique
by itself.

In order to decrease the complications after thoracic
surgery, prophylactic high-flow nasal oxygen therapy
compared with standard oxygen has been recently tested in a
randomized controlled trial (54). It delivers a flow-dependent
positive airway-pressure and may offer a better tolerability
profile than CPAP. High-flow nasal oxygen did not improve
functional capacity measured by the 6-minute test walk, but
it did significantly reduce length of stay in hospital from 4
to 2.5 days in patients who received high-flow nasal oxygen
immediately after tracheal extubation for 24 h.

In our centre, hospital length of stay was reduced by
about 4 days after the introduction of our ER program,
despite the fact that in the first year of implementation, the
majority of the patient still underwent open thoracotomy
(unpublished data). When minimally invasive VAT'S became
routine surgical practice, there was a further marginal
reduction in length of stay. Therefore, although it is
difficult to assess the magnitude of the impact of VATS on
an ER program, its introduction appears to be beneficial.

In summary, OLV should always be kept as short
as possible aimed in order to decrease respiratory
complications. Despite the surgical access method chosen,
perioperative care should be part of a multidisciplinary ER
program in order to obtain the best possible outcomes.

Prehabilitation in ER

Pre-rehabilitation is a novel concept that that is based
on promoting preoperative physical activity in order to
enhance tolerance to surgery and facilitate postoperative
recovery (55,56). In 2005, a systematic review was published
looking at the effect of a physical activity pre-rehabilitation
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Table 2 Risk factors for in-hospital mortality in adult patients

after thoracic surgery (based on Thoracoscore)

Variable Risk factor
Age >55 years
Gender Male
ASA physical status >2
Performance Status Classification (WHO) >3
Dyspnea score (Medical Research Council) >3

Surgical priority Urgent or emergency

Procedure class Pneumonectomy
Diagnosis Malignant
Comorbid diseases >3

program on patients undergoing surgery, which showed
limited impact (55). Later on, an integral prehabilitation
program performed in the preoperative period was compared
with a rehabilitation program, which was only applied
postoperatively. The interventions in both groups were based
on aerobic exercise, nutritional counseling with protein
supplementation, and relaxation exercises. The authors found
that the prehabilitation group had significant improvements
in postoperative functional exercise capacity measured by
6-minute walk test at 4 and 8 weeks after the procedure (57).
Physical and cognitive prehabilitation in animals has also
been shown to attenuate neuro-inflammation and decrease
the incidence of postoperative cognitive dysfunction (58).
Further studies exploring the impact of prehabilitation in
thoracic surgery are needed, in order to establish the benefit
of including prehabilitation in ER protocols.

Patient suitability for ER

One of the aims of the preoperative anaesthetic assessment
is to identify high-risk patients, with the objective of
optimizing them before surgery, and also for planning
postoperative care requirements. Poor preoperative
functional capacity (VO,,,, <15 mL/kg/min) or poor
preoperative lung function (FEV, or TLCO <40%) are
recognized risk factors for complications following thoracic
surgery (59). Moreover, the Thoracoscore can be used
to predict mortality using nine variables (60) (7able 2).
This can help identify patients who are at risk of suffering
perioperative complications. However, it is not effective
enough to identify patients who are “off ER pathway”
or establish to what degree perioperative care should be
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modified in such patients.

Most patients included in a thoracic surgical ER program
will be scheduled for lung cancer resection. Addiction to
smoking will be frequently seen, as well as ischaemic heart
disease, peripheral vascular disease and some degree of renal
impairment. Preoperative comorbidity, along with technical
intraoperative issues, has been shown to increase the risk of
reoperation after pulmonary resection surgery, increasing
mortality and hospital length of stay (61). Alcohol intake
should be recorded in order to start preventive treatment of
alcohol withdrawal. The presence of preoperative chronic
pain should alert the clinician to the necessity of a tailored
and intensive pain control regimen.

Some of the ER measures are universal and potentially
applicable to all patients, such as immediate tracheal
extubation, optimal pain control, early ambulation and oral
intake. However, some interventions, which may not be
considered to be part of ER, may be required in patients
with advanced chronic conditions. Some high-risk patients
may need more invasive intraoperative monitoring, elective
urinary catheter insertion before surgery, or postoperative
intensive care unit admission. Identification of vulnerable
patients may facilitate the early recognition and treatment
of postoperative complications.

Whether this group of patients, due to the high risk of
complications, should be managed more aggressively or
be included in an ER program is controversial and varies
from one centre to another. In our centre, a modified ER
program is applied to high-risk patients such as those with
severe cardiac conditions (i.e., severe chronic angina, poor
left ventricular function), advanced chronic kidney disease
or severe vascular disease. Some of the above-mentioned
patients are managed with more invasive monitoring and
urinary catheterization. Other high risk patients such as
those with poor functional respiratory function (FEV, <40%)
or undergoing extended lung resection such as bilobectomy
or pneumonectomy, do not qualify & priori as a reason to
alter the whole ER pathway. Nonetheless, the intraoperative
team, recovery and thoracic ward have to have a robust
system in place to detect early signs of deterioration that
may require escalation of care where needed. It still remains
to be established which criteria can accurately predict which
patient would benefit from full ER program and which
patients require special care. In our centre, the decision
to alter the pathway is made based on a case-by case basis,
integrating patient comorbidities, postoperative predicted
respiratory function and surgical difficulty.
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Conclusions

Despite the limited evidence and inter-institution variability,
implementation of thoracic surgery ER programs seems
to reduce hospital stay and possibly reduce postoperative
complications. In our experience, successful ER implementation
requires institutional support, multidisciplinary involvement
and proper education and training for all staff involved in the
care of these patients. Delivering highly standardised care
is paramount, as well as rapidly identifying “off pathway”
patients. Further evidence is needed to quantify the impact of
single interventions and the ER bundle of care as a whole.
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