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Introduction

Residual pleural space is a common finding after lung 
resection. It has been reported to occur in up to 40% of 
patients in the early postoperative days (1,2) depending on 
the extent of the resection, the compliance of the remaining 
lung and the chest, and the underlying disease (1-3). In 
the vast majority of cases, this is a benign condition and 
its natural history leads to a complete obliteration or to a 

persistent space with no clinical implications (2). Usually 
the space is filled up with sterile fluid in first instance, and 
then some modifications in the physiology of the chest, 
such as hyperinflation of the remaining lung, shifting of the 
mediastinum, diaphragm elevation and narrowing of the 
intercostal spaces, contribute to elimination of the residual 
space.

Conversely, an unfavourable outcome is associated with 
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the presence of air leak and increased pleural thickness (2). 
The lack of contact within the parietal and visceral pleural 
surfaces may delay the resolution of the air leak creating a 
non-sterile environment and exposing the thoracic cavity to 
a continue source of infection. The longer this complication 
persist, the greater chance of serious complications, 
prolonging hospital stay and impacting both on health 
system finances and patient quality of life (4).

Plenty of studies have focused on prediction and 
prevention of air leak using preoperative scoring (5,6) or 
intraoperative techniques, as many as others describing 
surgical interventions to treat this complication.

We report a s imple method which can be used 
postoperatively to reduce the volume of the chest with 
a transient and controllable paralysis of the diaphragm, 
facilitating the contact between the lung and the chest wall 
and promoting the resolution of the air leak.

Methods

Ten patients undergoing different lung resections at our 
institute were enrolled between January 2016 and January 
2018. Surgical characteristics and demographics are listed 
in Table 1. Inclusion criteria were: significant air leak  
(>200 mL/min at suction pressure of −0.8 kPa) at post-
operative day 3, presence of empty pleural space at chest 
x-ray either basal or apical, absence of restrictive lung 
disease, absence of known arrhythmias. Patients with 

recognized broncho-pleural fistula, lung atelectasis or 
pneumonia were excluded. The operations have been 
performed either with a three ports thoracoscopy or 
through an antero-lateral thoracotomy. All adhesions 
between the lung and the chest wall have been freed, 
pulmonary ligament has been divided, mechanical staplers 
have been used to complete the fissures, to perform the 
wedge resections and to close the bronchial stump in all the 
procedures. At the end of the lung resection, underwater 
test was performed in order to identify parenchymal air 
leaks and all attempts, including biological sealants and 
suturing of the lung, were made to repair them. Single 
28Fr chest tubes were connected to a digital drain system 
(Thopaz, Medela, Switzerland) in all patients, with a suction 
pressure of −2 kPa postoperatively. The suction was reduced 
to −0.8 kPa if the airflow was >800 mL/min. Chest x-ray 
was performed post-operatively, when the suction pressure 
was reduced and at day 3.

All patients received, as per local standard protocols, 
early mobilization, respiratory physiotherapy, nutritional 
support and pain management with regular and patient-
controlled analgesia. 

A mention about the rationale behind the inclusion 
criteria is mandatory at this point. As there is no definitive 
evidence in literature about the application of suction versus 
no-suction after lung resection (7), we usually apply the 
pressure of −2 kPa to all patients postoperatively, with the 
aim of restoring the negative intra-pleural pressure and 

Table 1 Patients characteristics

Patient Gender Age >65 Operation Diagnosis BMI PlA >50% FEV1 ALPS

1 M Yes LBiL NSCLC 20.6 No 95% 7

2 M Yes LLL NSCLC 23.7 No 102% 5

3 F Yes RULW NSCLC 18.2 Yes 66% 8.5

4 M Yes RLL NSCLC 26.7 No 73% 6.5

5 M Yes LLL NSCLC 20.4 Yes 98% 6.5

6 F No LUL Aspergilloma 17.5 Yes 80% 4

7 M Yes RUL NSCLC 32.1 Yes 65% 9

8 M Yes UBiL NSCLC 24.9 No 95% 8

9 M Yes RUL NSCLC 27.6 Yes 77% 9

10 F Yes LUL NSCLC 21.7 Yes 68% 6.5

BMI, body mass index (kg/m2); PlA, pleural adhesions; FEV1, forced expiratory volume in 1 second (%); ALPS, air leak predictor score (7);  
LBiL, lower bilobectomy; LLL, left lower lobectomy; RULW, right upper lobe wedge; RLL, right lower lobectomy; LUL, left upper  
lobectomy; RUL, right upper lobectomy; UBiL, upper bilobectomy; NSCLC, non-small cell lung cancer.
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obtain the fullest lung expansion (7). Despite this, in all the 
patients in this series, residual pleural space at postoperative 
chest x-ray and a very significant air leak (>800 mL/min) 
were observed. With the intention to reduce the stimuli 
contributing to the extent or the duration of an alveolo-
pleural fistula (7), we decreased the suction pressure to  
−0.8 kPa; we actually obtained a reduction in the recorded 
air-leak, renouncing to obtain full lung expansion.

Thus, we considered for the phrenic nerve block those 
patients in whom, despite the management of the chest 
drain, the persistent combination of residual pleural space 
and air leak was likely to be prolonged.

We did not include in the study patients with restrictive 
lung diseases because the reduced compliance of the lung 
makes the diaphragm contraction greatly contributing to 
the respiratory function.

If the inclusion criteria were fulfilled, percutaneous 
ipsilateral phrenic block was proposed to the patient 
and informed consent was obtained by the anaesthetist 
performing the procedure.

Under sterile condition, the phrenic nerve was identified 
by ultrasound (LogiQ, GE, USA) using a 10 MHz linear 
probe between the inner surface of the sternocleidomastoid 
muscle and the outer surface of the anterior scale muscle at 

the level of 6th cervical vertebra (Figure 1).
A continuous anesthetic block of the phrenic nerve was 

performed using a 22G nerve-block catheter (Contiplex 
C, BBraun, Germany), inserted in-plane under real-time 
ultrasound guidance using a catheter-over-the-needle 
technique with a lateral-to-medial technique.

Needle tip position was considered optimal when placed 
in the plane between the fasciae of the sternocleidomastoid 
and the anterior scalene muscles, as confirmed by the 
administration of a bolus of 1 mL normal saline under direct 
ultrasound guidance, at about 0.5 cm from the phrenic 
nerve (Figure 2). A first anesthetic bolus of 3 mL ropivacaine 
0.75% was than administered through the needle before 
this was retracted, leaving the catheter in place. The local 
anesthetic spread pattern was observed to make sure it 
reached the phrenic nerve. The perineural catheter was 
fixed using Sterile Strips and a transparent drape and, after a 
negative aspiration test, a continuous infusion of ropivacaine 
0.2% 3 mL/h was started, via a disposable elastomeric pump 
(Easypump, BBraun, Germany) with an adjustable infusion 
rate. The technique is described in Figure 3. Fluoroscopy 
was used to confirm significant reduction in hemidiaphragm 
movements. Closer monitoring of vital signs and intense 
respiratory physiotherapy were enhanced, and all patients 
had continuous recording of air-leak with digital drain 
system. The infusion was stopped at air leak cessation and 
the catheter was removed along with the chest drain. After 
4 hours from the drain removal, a chest x-ray at the end of 
full inspiration was performed in order to assess the absence 
of complication and the restoration of the diaphragm 
function.

The project was evaluated by the local Ethics Committee 
(Comitato Etico Cantonale, Ticino, Switzerland) which 
stated that it does not need an approval since the data were 
fully anonymized.

Figure 1 Anatomy of the phrenic nerve at its passage into 
the neck.

Figure 2 Ultrasound shows the needle reaching the phrenic 
nerve (circled), between the anterior scalene muscle (white 
arrow) and the sternocleidomastoid muscle (green arrow).

Sternocleidomastoid
Phrenic nerve

Anterior scalene

Clavicle
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Results 

Ten patients fulfilled the inclusion criteria within a period 
of 2 years. Nine had a diagnosis of primary lung cancer 
while 1 had an aspergilloma of the left upper lobe. The 9 
anatomical lung resections included 1 lower bilobectomy, 
1 upper bilobectomy, 3 lower lobectomies (2 left and 1 
right) and 4 upper lobectomies (2 left and 2 right). The 

remaining wedge resection was performed in a patient with 
previous right lower lobectomy who developed a second 
adenocarcinoma of the lung in the right upper lobe.

After the phrenic nerve block, we observed a significant 
reduction in the ipsilateral diaphragm motion and an 
immediate reduction of the empty pleural space in all 
patients (Figure 4).

There were no peri- o post-procedural complications: 
nor respiratory failure or distress neither arrhythmias have 
been documented. The management of the elastomeric 
pump resulted immediate for the nursing staff and it did 
not cause any restriction to the mobilization of the patient. 
Conversely, patients have been encouraged to mobilize 
actively with the physiotherapists to avoid sputum retention 
and to help the lung expansion. The resolution of the air 
leak was obtained in 3±1.16 days on average. At the chest 
x-ray performed after the removal of the catheter and the 
chest drain, we observed the complete obliteration of the 
residual space in 8 patients and the persistence of a small 
asymptomatic space in 2. The film obtained at the end of 
full inspiration demonstrated the normal contraction of the 
diaphragm. All patients have been followed-up in outpatient 
clinic within 2 weeks and there have been no re-admissions 
related to the surgery.

Discussion

The association of residual pleural space and air leak 

Figure 3 Patient with residual pleural space and air leak 
after right lower lobectomy undergoing percutaneous 
phrenic nerve block (8). Before the procedure, the registered 
airflow at digital drain system was 200–400 mL/min.  
The air leak resolved within two days after the nerve block 
with complete restoration of diaphragm function after 
discontinuation of ropivacaine infusion. 
Available online: http://www.asvide.com/article/view/26625

Figure 4 Radiological findings before and after phrenic nerve block. (A) Patient with right lower lobectomy, persistent air 
leak, basal (black arrows) and apical (red arrows) space; (B) the same patient after percutaneous phrenic block. Full inspiration 
chest film shows paralysis of right hemidiaphragm compared with the counterpart (dotted lines), the obliteration of the basal 
space and the consistent reduction of the apical space (red arrow).

A B

Video 1. Patient with residual pleural space 
and air leak after right lower lobectomy 
undergoing percutaneous phrenic nerve 

block
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after lung resection may represent a source of serious 
complications. This condition is relatively common when 
dealing with conditions reducing the compliance of the 
chest or when a large parenchymal resection is needed. 
Concurrent or previous inflammatory or infectious disease, 
previous thoracic intervention, radiotherapy or resection 
performed in emphysematous or fibrotic lung increase the 
risk of post-residual space. The presence of alveolar air 
leak which is likely to be prolonged, delays the chest drain 
removal, exposes patients to high risk of infection and 
influences the length of stay in hospital (9-11).

Several treatments have been described to fill the 
residual space and promoting resolution of air leak, such 
as transposition of muscle flaps or omentum or even 
thoracoplasty: they are invasive and sometimes disabling. 
We have to consider that prolonged air leak affects more 
often frail patients (5) and the indications for initial surgical 
resection and the diseases for which it was required often 
are sufficiently debilitating; a surgical re-intervention can 
be potentially more harmful than the air-leak itself.

The t reatment  of  choice  must  imply  a  g loba l 
consideration of the risks and the benefits of the procedure 
per single patient, taking into account performance status, 
respiratory and systemic disease and prognosis, problems 
with maintaining the drainage, infection, as well as social 
and even economic aspects (3).

Decision-making may not always be easy, and less 
invasive procedures have been proposed overtime.

The first conservative approach includes prolonged 
chest tube drainage. It is still debated if the application 
of suction at the chest drainage system could worsen 
the alveolar leak or just speed up the expansion of the 
lung and favour the contact with the chest wall (12-15).  
However, the hyper-expansion of the residual lung that 
has to fill up a pleural cavity that previously hosted a 
larger lung, results in overdistention of the alveoli (4): 
there are good experimental works supporting the notion 
that lung overdistension favours air leak and furthermore 
represents an edemagenic condition (16). Hence, surgeons 
must “resist the temptation” of applying high suction to 
attract the lung towards the chest wall, especially in case of 
reduced chest compliance. It is apparent that patients can 
live in relatively good health for long periods of time with 
persisting vented spaces in association with air leak from 
alveolar seepage sources, even with the presence of well-
drained and controlled empyema (3). The implementation 
of home nursing services promoted the use of Heimlich 
valve in order to discharge patients from hospital with the 

chest drain still in situ. However, severe complications are 
rare but possible (17,18) and not many patients will agree 
with ambulatory management.

To avoid this challenging issue, many authors have 
proposed intraoperative techniques in order to immediately 
obliterate the pleural cavity and to prevent prolonged air 
leak. Pleural tenting, pneumoperitoneum and crushing of 
the phrenic nerve are the most commonly used. However, 
all of them present various shortfalls: pleural tenting may 
not be technically feasible (19); pneumoperitoneum can be 
performed either intraoperatively (20) or postoperatively (21),  
but requires access to the abdomen and once instituted it 
is not immediately reversible if needed; crushing of the 
phrenic nerve can lead to a permanent dysfunction of the 
muscle (22).

Other techniques to reduce the rate of post-resection 
residual space include cryoneuroablation of phrenic  
nerve (23), and injection of Botulinum toxin type A has been 
studied in animal models (24). Both these strategies produce 
temporary and fully reversible paralysis of the ipsilateral 
diaphragm, but the effect is not controllable at any time and 
it lasts 30 to 60 days.

More interesting appears to be the use of local 
anaesthetic, continuously delivered by a catheter placed 
under direct view, during video assisted surgery or 
thoracotomy, when a space problem is likely to occur (25,26). 
In both studies, the authors described the use of an epidural 
catheter, secured in proximity to the phrenic nerve in its 
intrathoracic course, which releases lidocaine 1% at 3 mL/h  
and bupivacaine 0.25% at 5 mL/h respectively. They 
obtained substantial reduction in chest volume, good results 
in the management of the air leak and complete restoration 
of diaphragm function after discontinuation of the infusion. 
These preliminary experiences are encouraging with the 
only pitfall of the need of inserting the catheter during the 
surgical procedure.

The technique we described combines the manageability 
of the local anaesthetic with the option of establish the 
infusion whenever needed with a minimally invasive 
approach.

Unilateral diaphragmatic paralysis is described as been a 
common complication during interscalene brachial plexus 
block with local anaesthetic for upper limb surgery (27). 
The effect usually lasts few hours after the injection and 
it resolves completely afterwards (28). We hypothesized 
to use this effect, specifically targeting the phrenic nerve, 
to temporary paralyse the hemidiaphragm in case of post-
resection residual space and parenchymal air leak.
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Raising the diaphragm ultimately results in a reduction 
of the chest volume promoting the symphysis of two pleural 
surfaces and the sealing of small air leaks from the lung, as 
postulated by Rice et al. (29). Once the air leak has stopped, 
the presence of a persistent pleural space after the removal 
of chest drain does not compromise the outcome. Two of 
our patients had a persistent space after removal of the 
drain. Both of them had a lower lobectomy, with a probable 
source of air leak from the lower surface of the lung which 
was manipulated most, while the residual space remained 
apically. This does not impair the promotion of healing 
process achieved with pleural apposition. 

The advantages of this technique compared to the 
previous described are various: it is minimally invasive, 
fully controllable and immediately reversible. The use of 
ultrasound guidance ensures correct and safe placement 
of the catheter. The chance of begin it postoperatively 
allows a good candidates selection and avoids unnecessary 
procedures and exposure to side effects and complications.

Even though in our small series of patients we did 
not observe any complications, the use of bupivacaine 
is rarely associated with seizures, with no impact on the 
cardiovascular system (30) and in a review of the literature 
on extra-pleural bupivacaine infusion, local complications 
occurred in 0.6% of patients and systemic complications in 
0.8% (31). Moreover, direct effects of diaphragm paralysis 
may be respiratory impairment and sputum retention. 
To avoid, or eventually early recognize these issues, we 
implemented close vital signs monitoring and we enhanced 
the routine respiratory physiotherapy. Suspension of the 
infusion allows prompt restoration of muscle’s function and 
recovery from hypoventilation.

Looking at the patients’ demographics, we can make 
a retrospective consideration: the literature reports some 
factors related to patients characteristics and kind of surgery 
which predict the risk of developing prolonged air leak 
postoperatively. This aggregate score, specifically designed 
for lobectomies, assigns an odd risk to each patient based 
on the most common predictors for prolonged air leak 
including age >65 years, forced expiratory volume in 1 
second (FEV1) <80%, male sex, pleural adhesions, Body 
Mass Index <25.5 kg/m2, upper lobes and right side of lung 
resection (7). This score system, which needs validation 
in forthcoming studies, helps the management of chest 
tubes and suction. If we speculate on our ten patients, we 
can easily appreciate that they encounter most risk factors, 
therefore, a similar model could be used to better define 
the indications for the use of percutaneous phrenic block. 

Moreover, a time-frame consideration needs to be made: if 
the combination of residual space and consistent air leak is 
present post-operatively and the risk of prolonged air leak 
is high, is probably advisable to early consider the phrenic 
block, before pleuro-parenchymal adhesions occur. This 
could maximise the effect of diaphragm elevation also for 
apical spaces. On the other hand, air leak cut-off and timing 
of nerve block were chosen arbitrary: post-operative day 3 
is a relatively short time to propose an intervention, but, 
having considered the minimal invasive technique of the 
procedure and the patients’ risk-factors associated with 
prolonged air leak, this seems reasonable.

The present study describes a new technique with 
preliminary good results, however, the number of the 
included patients is small, and definitive conclusions on 
feasibility and improvement of the outcome cannot be 
expressed.

In conclusion, transcutaneous phrenic block appears 
to be a safe and effective technique to reduce the post-
resection residual space. Further studies needs to be 
conducted on larger series to better assess possible issues 
related to the procedure, standardize target population and 
timing.
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