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Abstract: Clinical care pathways are developed to standardize postoperative patient care and the main

impetus is to improve quality of care, decrease variation in care and reduce costs. We report the clinical pathway

of care adopted at our centre since the introduction of Uniportal VATS program for major lung resections.
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Introduction

Clinical care pathways, formally known as physician directed
diagnostic and therapeutic plans (1). The main driving force
to develop clinical pathway of care is to improve quality
of care but due to the tremendous pressure to reduce
costs, clinical pathway of care has been embraced as a
mean to achieve both goals (2). In literature several papers
demonstrated that the application of clinical pathways
to patients undergoing pulmonary resections realized a
significant reduction in hospital charges, improving quality
and with acceptable hospital readmission rate (2-5). Creation
and maintenance of clinical pathways of care at our
Thoracic Surgery Unit (Ospedali Riuniti, Ancona, Italy) has
been a continuous evolving process. We did every effort to
apply and follow evidence based approaches when possible
in order to improve quality.

We report the clinical pathway of care adopted at our centre
since the recent introduction of Uniportal VATS program
for major lung resections (lobectomies/segmentectomies).

Patients and methods

This is a prospectively collected data of 102 consecutive
patients submitted to pulmonary lobectomy [83] or
segmentectomy [19] from March 2014 till September 2015.
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Table 1 shows patients baseline characteristics.

All operations were performed or supervised by a single
qualified thoracic surgeon (Dr. Majed Refai).

Patients with a predicted postoperative forced expiratory
volume in 1 s and predicted postoperative carbon monoxide
lung diffusing capacity <30% and VO, peak <10 mL/kg/min
(6,7) were excluded from anatomical lobar or sublobar
resections.

Surgical technique

The patient is placed in a lateral decubitus position. A
single 4-cm incision is performed in the 5" intercostal space
with no rib spreading. We use wound protector (Alexis
wound protector, Applied Medical, USA). The camera (a
5-mm 30°) is introduced in the same incision with no trocar.
In complete fissures were developed by using stapling
devices. The bronchus and vessels were closed and cut by
mechanical staplers. Recently we began using vascular clips
(Hem-o-lok ligation system, Teleflex, USA) to close small
vessels less than or equal to 5§ mm.

In case of segmentectomy the operation is done through
a single 4-cm incision as for lobectomy, vessels (arteries
and veins) are identified and stapled. Once the bronchus is
closed, the parenchymal plane is identified by inflation and
then divided by stapling.
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Table 1 Patients baseline characteristics

Characteristics Value
Age, years 69.2 (10.5)
Gender male, n [%] 53 [562]
Pack years 33.4 [48]
FEV,% 91.9 (18.9)
FEV,/FVC ratio 0.7 (0.19)
DLCO% 771 (18.2)
ppoFEV,% 78.1
ppoDLCO% 65.6
VOymax 16.4 (2.9)
BMI 26.9
ASA
0% 55.9
1% 41.2
2% 1.9
3% 1
ECOG
0% 58.8
1% 36.3
2% 2.9
3% 2
CCl 1.8(1.8)
CAD, n (%) 37.2 (36.5)
Induction chemo, n (%) 4 (3.9)

Results are expressed as means (standard deviations) unless
otherwise specified. FEV,, forced expiratory volume in 1 s;
FVC, forced expiratory capacity; DLCO, carbon monoxide
diffusion lung capacity; ppoFEV,, predicted postoperative
FEV,; ppoDLCO, predicted postoperative DLCO; VO,
maximal oxygen uptake; BMI, body mass index; ASA,
American Society of Anesthesiology score; ECOG, Eastern
Cooperative Oncology Group score; CCIl, Charlson
comorbidity index; CAD, coronary artery disease.

Systematic lymph node dissection is performed in all
patients.

In both procedures, once the operation is completed, we
insert a single chest tube Ch24 in the posterior part of the
incision.

Intraoperative and postoperative standardized protocols
were implemented aimed at fast tracking patients submitted
to major lung resections [Uniportal (video-assisted thoracic
surgery) VATS lobectomy/segmentectomy].
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Intraoperative protocols

Operative technique

Fissureless technique is used for upper lobectomies and
with a systematic use for right upper lobectomy (8). For
lower lobectomies with no artery visible in the fissure and
with incomplete fissure, fissureless technique is performed.

Air leak assessment
Objective assessment of air leak (with ventilator spirometer),
expressed as mL/min, was performed before closure of the
chest by measuring the difference between a fixed inspired and
expired volume using a tidal volume of 8 mL/kg, respiratory
rate of 10 and a peak-end-expiratory pressure of 5 cmH,O.
Check the cause of air leak the bronchus or pulmonary
parenchyma.
Correction to reduce air leak was performed by applying
stitches or by the use of staples.

Single chest tube

We use a single 24-French chest tube (Redax, PVC
radiopaque chest tube) placed in the posteriore part of the
incision (9,10).

Intraoperative pain control

We infiltrate three intercostal spaces (IV, V and VI intercostal
spaces) with ropivacaina 0.75% at the end of the operation
under thoracoscopic vision (10). No epidural catheter is
inserted to facilitate early mobilization.

As a rule patients were extubated in the operating room
and transferred to a dedicated general thoracic surgery
ward. Planned admission to intensive care was reserved
for patients with life-threatening cardiopulmonary
complications needing active life-support treatments.

Postoperative protocols

Implementation of standardized treatment protocols for the
most frequent complications after major lung resections are
atrial fibrillation, pneumonia and atelectasis (11).

Atrial fibrillation
Atrial fibrillation is described as a considerable complication
even after minimally invasive thoracic procedures with a rate
ranging from 4% to 12% after thoracoscopic lobectomy (12).
So patient monitoring is needed and more attention must be
paid for patients with a history of cardiac arrhythmias.

On operation day the patient’s electrocardiogram, heart
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rate, pulse oximetry and respiratory rate are monitored
continuously.

On preoperative day (POD) 1, the same parameters
are verified every 3 hours and the electrocardiogram is
performed in any suspected disorders of heart rhythm.

If atrial fibrillation is detected we adopt the following
strategies (13):

(I) Patient hemodynamically stable with cardiac history
negative for coronary artery disease, heart failure,
rhythm disorders:

(i) Patient at rest;

(i) Check and correct, whenever possible, any
potential factor able to trigger or maintain the
arrhythmia (electrolytic disorders, hypoxemia...);

(iii) Begin medical treatment;

(iv) Perform cardiologic evaluation in the case where
the heart rhythm is not restored,;

(II) Patient hemodynamically not stable or cardiac
history positive for coronary artery disease, heart
failure, rhythm disorders:

(1) Patient at rest;

(i) Cardiologic evaluation for the ideal pharmacological
treatment or electrical cardioversion.

In both cases, we reintroduce a continuous electrocardiographic
and heart rate monitoring.

Pneumonia
The diagnosis of a postoperative pneumonia is obtained
following strictly the criteria proposed by the CDC and
more recently adopted by the European Society of Thoracic
Surgeons (ESTS) and The Society of Thoracic Surgeons
(STS) (14). The pneumonia represents the most frequent
pulmonary complication following VATS lobectomy, with a
rate around 3% in a large series from the STS database (15).

So, in any case of symptoms suggestive of pneumonia
[fever, leukocytosis >12,000 white blood cells (WBC)/mm’,
purulent sputum, worsening cough, dyspnea, rales,
desaturation], we perform a chest radiograph in order to
definitively confirm the diagnosis.

If the chest X-ray shows a lung infiltrate or a consolidation:

(I) Try to obtain a lower respiratory tract culture;

() Start appropriate, broad-spectrum, antibiotic therapy;

(III) Intensify respiratory nebulisers;

(IV) Begin a continuous pulse oximeter monitoring;

(1)  Check the temperature every 4 hours;
(i)  Monitor the WBC count and the C-reactive
protein (CRP).

In absence of clinical improvement after 48-72 hours:
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(I)  Adjust the antibiotic therapy if the culture is positive;
(IT)  Search for other pathogens or other sites of infections
if the culture is negative infectologist evaluation.

Atelectasis
Despite the lesser impact on the chest wall and a more
gentle manipulation of the lung during the operation, the
postoperative atelectasis rate after VATS lobectomy is not
significantly lower, albeit reduced, in comparison to the one
registered after the open thoracotomy approach (VATS
lobectomy: 2.1% wvs. open lobectomy: 3.3%) (15).
In the case of new-onset dyspnea or desaturation, we
always perform a chest radiograph.
If the chest X-ray confirms an atelectasis:
(I)  Intensify respiratory nebulisers;
(II) Intensify chest physiotherapy (16);
(III) Perform a bronchoscopy to clean the endobronchial
secretions (17);
(IV) Begin a continuous pulse oximeter monitoring;
(V) Take a post-bronchoscopy chest radiograph to
monitor the lung expansion improvement.

Clinical protocols for chest tube management

Standardized protocol for early chest tube removal
after major lung resection

Use of electronic drainage systems for the objective
measurement of postoperative air-leak and the adoption of
400 mL/day of pleural effusion for chest tube removal is
used as standardized protocol for early chest tube removal
after major lung resection.

We chose to use an electronic chest drainage system
(Thopaz, Medela Healthcare, Switzerland) capable of
varying the suction level according to the feedback received
from the pleural cavity (variable suction) in order to
maintain a stable pressure corresponding to the preset value.
This device appears ideal to study the effect of different
levels of pressure on the duration of air leak (18).

The preset pressure is -8 cmH,0O on the operation day,
the device works passively and we can monitor and record the
pleural pressure driven by the patient himself. Chest tube is
removed when air leak stops and the pressure curve raises to
physiologic range. The pressure is stabilized by the patient
himself.

Chest physiotherapy
Ward nurses encourage patients for early mobilization and
deep breathing by the use of incentive spirometer on POD1.
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Table 2 Daily protocol of patients who undergoes uniportal VATS lobectomy/segmentectomy

Day Daily protocol

Operation day

Monitor of heart rate and rhythm; pulse oximeter; monitor of chest tube output and urinary output

Elettronic chest drainage device: preset pressure -8 cmH,O

POD1 Check haemoglobin level; creatinine level; potassium level and glucose level

Arterial blood gas measurement

Monitoring of heart rate and oxygen saturation

Discontinue urinary catheter
Patient ambulation at least twice a day

Chest physiotherapy therapy in the morning and twice a day when needed. Incentive spirometry

Respiratory nebulizers every 8 hours
Resume home medicine

Pain medication Paracetamol i.v every 8 hours and Ketorolac i.v on demand
Check and record: air leak mL/min and the intrapleural pressure

Chest X-ray
Advance diet

POD2 Chest tube removal if chest tube output: <400 mL for the last 24 hours and no air leak and physiologic pleural
pressure is reached (as recorded by the electronic device)
Stop i.v pain medication in case of chest tube removal
Switch to oral administration of pain medication (Paracetamol 1 gr)
Continue of chest physical therapy twice a day if needed

Continue incentive spirometry and nebulizers

Wean oxygen

PODS3 Discharge home

In case of prolonged air leak discuss with the patient and family discharge with a portable chest drainage system

POD, postoperative day.

Dedicated chest physiotherapist begins the treatment
program on the POD1, and follows the patient till discharge.

Patients with pneumonia, atelectasis or both were treated
by the chest physiotherapist twice a day.

All patients were asked to repeat the exercises learned in
the morning more than once a day.

Chest physiotherapy performed by specialized therapists
may produce functional benefits in resectable lung cancer
patients and is recommended (6).

Patient counselling

Pre-emptive explanation and planning of the fast-tracking
protocol to the patient before the admission and daily
updating after the operation.

The plan for discharge was discussed with patients and
families during rounds on POD?2.

Postoperative daily protocol for patients who undergoes
uniportal VATS lobectomy/segmentectomy was designed
(Table 2).

It was applied to 102 consecutive patients submitted
to uniportal VATS lobectomy or uniportal VATS

segmentectomy.

© Journal of Thoracic Disease. All rights reserved.

Twice-daily consultant ward rounds with dedicated
thoracic nurse.

Patient discharge was discussed with patients and families
on POD3.

In case of prolonged air leak the patients were discharged
with a portable chest drainage device.

Early outpatient follow-up

All patients underwent ambulatory visit 10 days after
discharge: chest X-ray was performed, clinical control and
removal of stitches.

Results

There were 102 patients, with a median age of 69 years.
Types of pulmonary resections performed were 83 uniportal
VATS lobectomies (81%) and 19 uniportal VATS
segmentectomies (19%) (Tuble 1).

A total of 38 (37%) patients had pre-existing coronary
artery disease (history of coronary artery bypass or
angioplasty), 3 (2.9%) patients had congestive heart failure.

All patients were extubated in the operating room. Only
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Table 3 Postoperative complications, ICU admission and
hospital stay

Characteristics (%) Value
Total complications (%) 11.8
Cardiopulmonary complications (%) 3.9
Pulmonary complications (%) 2
Cardiac complications (%) 1.9
Cardiac failure (%) 0
Respiratory failure (%) 0
Pulmonary embolism (%) 0
Atelectasis (%) 1
Pneumonia (%) 1
ARDS (%) 0
Bronchopleural fistula (%) 0
Prolonged air-leak (5 days) (%) 7.8
Chylothorax (%) 0
Postop arrhythmia (%) 2
Myocardial ischemia (%) 0
Hemothorax (%) 0
Empyema (%) 0
ICU, n [%] 1[1]
Mortality (30 days) (%) 0
Readmission, n (%) 4 (3.9
Stapler length (cm) 158.3
Pleural effusion (mL) 383
Air-leak (days) 1.3
Chest tube (days) 3.5
Length of stay (days) 5

ICU, intensive care unit; ARDS, acute respiratory distress
syndrome.

one patient went to the ICU (1%) due to previous history
of a recent pulmonary emboli and coronary artery disease
(coronary artery bypass) (1 day stay) (Table 3).

No mortality occurred (within the hospital stay and
30 days from discharge).

Pulmonary complications (2%): we had one pneumonia
and one atelectasis that necessitate fibrobroncoscopy.

Cardiac complications (2%): two postoperative atrial
fibrillation where sinus rhythm was restored by amiodarone.

Eight patients had prolonged air leak (more than 5 days)
(7.8%).

The median pleural effusion within the first 48 hours was
383 mL.

Chest tube days are 3.5 days and the median hospital stay
was 5 days.

Only four patients were readmitted (3.9%) within 30 days
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of discharge (Table 3). The main reason for readmission
was pneumothorax (3 pts) that necessitated chest drain and
pneumonia (1 pt) treated with antibiotics, expectorants,
respiratory nebulisers and chest physiotherapy.

Comment

Clinical pathways of care are essential to the introduction of
evidence based medicine and clinical guidelines in our daily
practice.

In our unit at Ospedali Riuniti, Ancona, clinical pathway
of care was an evolving process. We changed our protocols
with the introduction of new technology and new surgical
techniques.

Clinical pathways of care implementation can be challenging.
It should include all staff members’ education and concerns,
and misconceptions about the pathway development should
be addressed. Data must be collected and analysed and the
process must be improved to achieve the goals of resource
savings with improvement in outcome (11).

The most important tool for any quality assessment is
a database that should be prospectively maintained and
periodically audited (19).

We report our clinical pathway of care applied to
consecutive 102 uniportal VATS (lobectomy/segmentectomy).

A refinement of both intraoperative procedures and
perioperative strategies has led to a reduction of the
postoperative hospital stay and improved quality.

Our pulmonary complications (2%) and cardiac
complications (2%) were low.

Our readmission rate was low (3.9%). Rajaram et a/.,
reported readmission rate of (8.4%) after vats lobectomy (20).
The authors suggested early outpatient follow-up and more
attention to reduce postoperative complications.

At our centre early outpatient follow-up was adopted.
All patients underwent an ambulatory visit, performed by a
thoracic surgery consultant, 10 days after discharge. Clinical
control and chest X-ray was performed.

In summary

In order to integrate a clinical pathway in thoracic surgery

you need:
(I) A database prospectively maintained and periodically
audited;

(I) Statement of goals and key elements of care based
on evidence and best practice;
(IIT) Communication among all stuff members and with
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patients and families;
(IV) Identification of the appropriate resources.
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