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Abstract: The attempts to implement the enhanced recovery (ER) program based on multiple specialties to
minimize errors and complications in addition to speeding up the patient’s treatment and recovery as much
as possible. In China mainland, there is no unified hospital system and there are large differences between
hospitals’ results and protocols. The patient length of stay rate at the Shanghai Pulmonary Hospital (very
high-volume referral hospital) is 7 days and may be considered a very good result compared to international
rates. Perhaps thanks to these results may be due to our belief in the importance of minimally invasive
approaches, and their positive effects on the patients and conduct as routinely as possible, in addition to
starting to build our ER protocols. The patient should be involved in this program since his first visit to the
clinic until the day he left the hospital after undergoing the operation.
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Introduction
Despite the significant recent advances in thoracic
surgery and rapid transition from the era of traditional
surgeries (open thoracotomy) to the era of minimally
invasive surgery, R0 resection with lymph node dissection
is still the optimal treatment for a patient with operable
NSCLC (1,2). Lobectomy remains a major procedure
and could be associated with a major morbidity and even
mortality (3) . Hence the importance of having a
perioperative program based on multiple specialties to
minimize errors and complications in addition to speeding
up the patient’s treatment and recovery as much as possible.
Perhaps the first attempts to implement the enhanced
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recovery (ER) program were in the early 1990s by Henrik
Kehlet (4). Since then, an emphasis has been placed on this
subject, given its importance and vitality. In the field of
thoracic surgery, the main focus was on relieving patient’s
pain by providing the minimally invasive surgical techniques
and development of therapeutic protocols controlling
pain after surgery (5,6). The patient should be involved in
this program since his first visit to the clinic until the day
he left the hospital after undergoing the operation. The
most important preoperative elements of this program are
thoroughly medical advice, preparing the patient in terms
of feeding optimization and smoking mitigation so that the
patient in the most appropriate conditions for the surgery
before being admitted to the hospital. During and after the
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surgery, standard anesthetic and analgesic protocols, early
mobilization, and fast-tracking chest drain management
are the most important factors (7,8). In China mainland,
because there is no unified hospital system and there are
large differences between hospitals’ results and protocols,
there is no accurate information on the average length
of hospital stay after undergoing a pulmonary resection.
The patient length of stay rate at the Shanghai Pulmonary
Hospital (very high-volume referral hospital) is 7 days
and may be considered a very good result compared to
international rates (9-11). Perhaps thanks to these results
may be due to our belief in the importance of minimally
invasive approaches, and their positive effects on the
patients and conduct as routinely as possible, in addition to
starting to build our ER protocols.
Preoperative outfit
ER depends on the patient is as good as the possible
surgical condition. The goal of the patient’s visit to the
clinic is to give advice to him and give him some orientation
in addition to starting work to review the state of health
carefully and address the difficulties that may affect the
journey of surgical treatment so that the patient can leave
the hospital as soon as possible and with the best possible
results. At this stage, the most important elements to pay
attention to and approach are malnutrition, reducing
smoking, treating anemia, and increasing physical activity,
in addition to the importance of controlling blood pressure
and diabetes. Patients suffering from chronic obstructive
pulmonary disease (COPD) are treated by a pulmonologist
so that they are given the ideal treatment of inhalers and
bronchodilators; so that the lungs function in the best
possible condition before the operation.
A nutritionist is consulted regarding patients with
malnutrition and provides them with a diet advice
appropriate to the patient’s condition. The nutritionist
follows the patient while in the hospital after the operation
to follow up his condition and make sure that his nutritional
status is well.
Although the period required to reap the benefit of
stopping smoking prior to the operation of a pulmonary
resection is unknown (12), the patient is asked not to smoke
for at least 2 weeks before surgery. In cases of anemia (Hb
less than 11 g/dL), the patient is referred to his or her
physician to investigate the cause and correct the anemia
before the procedure. In addition to its beneficial effects
such as strengthening the patient’s muscles and reducing
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the psychological pressure, physical exercise may improve
aerobic capacity and quality of life, and advised at all stages
of treatment (13). We ask the patient to exercise as much as
possible before the operation, at least climb the stairs several
times a day and breathing exercises. From an anesthesia point
of view, the anesthesiologist examines and evaluates patients
with high risk of undergoing a pulmonary operation in the
so-called initial preoperative assessment. The anesthesiologist
identifies the circumstances that may lead to complications
during and after the operation, the risk factors that can
be adjusted preoperatively are directed and managed. In
addition, the final preoperative assessment performed just
before the operation (before the patient goes to the operating
room). At this time, it is paramount to review the data from
the initial evaluation and the results of the ordered tests
before. There are two other determinants affecting the
thoracic anesthesia: the difficult isolation of the lungs and the
risk of saturation during lung ventilation (14).
Intraoperative management
When we discuss the ER system we must mention the
advanced surgical techniques that are integral to this
program. In our department, we believe in the importance
of minimally invasive surgeries for the treatment of
lung, mediastinal and chest wall pathologies because of
its benefits in reducing pain and hurrying the recovery
process after surgery significantly, in addition to reducing
the complications after the operation (15-17). In recent
years, the most advanced minimally invasive techniques
have been adopted by most of the surgeons in our academy.
More than 90% of the operations are performed by the
VATS and most (even complex ones) are performed by
intercostal, subxiphoid and subcostal uniportal VATS
approaches (18-20). In addition to excellent results, these
techniques have helped us to shorten the time and effort in
pain management during and after the operation. Wherein
we stopped using the epidural or paravertebral block during
the surgery except in rare cases. And for the treatment
of pain, we mainly rely on giving light intravenous (IV)
or oral analgesics, this also of great benefit to further
reduction of the rate of complications and accelerate
the mobilization of the patient after surgery. Although
restricted fluid administrations is required in some cases
[e.g., post-pneumonectomy, congestive heart failure (CHF)],
Acknowledgement of the importance of good hydration
before surgery and its effect in facilitating fluid handling
during the operation and minimizing the post-operative
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Table 1 Analgesia protocol for postoperative patients
Time

Analgesia protocol

Day 0 (recovery room) (I) To prescribe flurbiprofen axetil 50 mg IV after the patients transfer to post anesthesia care unit;
(II) Not to use opioid antagonist or to reduce the dose if necessary;
(III) Patients undergoing thoracotomy are given intercostal nerve block with 0.25% bupivacaine before closure of
incision;
(IV) For VATS patients, intravenous compound (sufentanil 50–100 μg + flurbiprofen axetil 100 mg + tropisetron)
through patient-control intravenous analgesia (PCIA), and for thoracotomy patients, with the catheter placed in
T7–T8, epidural analgesia (bupivacaine + fentanyl + tropisetron) by patient-control epidural analgesia (PCEA);
(V) If patients are still in pain, to administer sufentanil 5–10 μg IV, and to pay attention to their breath;
(VI) Reducing or avoiding flurbiprofen axetil in patients with gastrointestinal problem (e.g., ulcer), hepatic and renal
dysfunction, hypertension, or patients undergoing pleurodesis
Day 0 (ICU)

(I) Continuing the PCA;
(II) Patients could press the button by themselves to get 0.5 mL bolus every 15 minutes, if still painful;
(III) While using PCEA, the catheter should be fixed on patients’ back, and their breath and hemodynamics should
be monitored;
(IV) Administering metoclopramide 5–10 mg IV if patients was vomiting;
(V) Anesthesia consultation should be required if patients are kept in pain

Day 1 (ward)

(I)
(II)
(III)
(IV)

Day 2 (ward)

(I) Continuing the PCA;
(II) While using PCEA, the adhesive tape should be changed to ensure the catheter would not slip out;
(III) Prescribing oral oxycodone-acetaminophen (Tylox), 1 tablet (oxycodone hydrochloride 5 mg and
acetaminophen 325 mg) PRN, more than 4 hours every time

Day 3 (ward)

(I) Stopping PCA;
(II) Starting oral Tylox QD;
(III) Reminding patients to visit pain clinic if they have any pain problems after discharge, especially to prevent
chronic pain

Continuing the PCA;
Pausing PCA if patients have severe vomiting and/or used transdermal fentanyl (Duragesic) paste;
Administering intravenous metoclopramide 5–10 mg;
Restarting PCA as vomiting stops

IV, intravenous; VATS, video-assisted thoracoscopic surgery; PCA, patient-control analgesia; ICU, intensive care unit; QD, quaque die; PRN,
pro re nata.

complications, we ask the patient to abstain from eating
for 6 hours and from drinking for only 2 hours before
entering the operating room. Ordinary patients are given
60–100 mL fluids per hour as a maintenance dose for
24 hours after the surgery. Prophylactic antibiotics are given
within 30 minutes before the incision, and discontinued
in the day after the surgery if there is no risk or evidence
for infection. Premedications are not given prior to the
operation in order to ensure the movement of the patient
for as long as possible (until arrival to the door of the
operating room). Venous access applied in the external
jugular vein or peripherally and usually removed 1 day
after the operation. Central venous pressure (CVP) lines
are utilized only in specific cases when inotropic support or
parental nutrition is anticipated. Urinary catheter applied
in patients who are undergoing major surgeries and usually
removed 1 day after the surgery if there are no obstacles.
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Postoperative management
Controlling pain after thoracic surgery is a paramount
factor for successful expeditious recovery, pain prevention,
therefore, means preventing many complications after
surgery. As mentioned earlier, the use of modern techniques
in minimally invasive surgeries has enabled us to reduce
the amount and doses of pain medications, in addition to
significantly reducing the dependence on epidural and
regional analgesia. Since there is an obvious difference
in the level of pain between patients who undergoes
thoracotomy compared to VATS patients, we have therefore
implemented a protocol specific to each type of patients
as shown in the table (Table 1). The patient is given his
permanent medications after 48 hours of operation unless
there is a health condition preventing this. We encourage
the patient to move as soon as possible after surgery. Few
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hours after the operation, the surgeons or nurses instruct
the patient to move, to cough productively and how to
use the spirometer or blow balloon. On the first day after
surgery, doctor in charge visits the patient twice, then once
a day or as needed. In most cases, we use only one chest
drain. This leads to less pain after surgery and therefore
less use of analgesics (21). The suction is not routinely
used unless there is a need for it (a clinically important
postoperative space), as this may help quicker removal
of the tube and thus speed the patient out of the hospital
(22-24). The use of the digital portable suction device is
still uncommon in our department, but we are seeking to
introduce this technology to serve our patients because of
its benefits in promoting the postoperative mobilization
of the patients, and facilitate decision-making to remove
the chest drains without delay (25). The tube is removed
when air leakage stops; the lung is expanded, and when the
amount of fluid is less than 200 milliliters per day, provided
that the fluid is not blood or chyle. Otherwise, the patient
will discharge home with a chest drain in place (26,27). The
discharge date and post-discharge arrangements should be
verified and strengthened with the patient and his family
on a daily basis. Acceptable status for the patient to be
discharged from the hospital after making sure that his
laboratory tests are fine is that there is no high temperature,
moving freely without oxygen supplementation, able to
expectorate without difficulties. In our department, the
presence of the chest drain does not influence the time of
discharge from the hospital unless it is suction dependent.
The patient is provided with all the necessary instructions
and how to act in the event of any complications expected
after the process and is encouraged to communicate with
the department if he has any queries.
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