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ABSTRACT

Objective: Prolonged air leak due to residual air space after lung resection is a main
challenge. To date, few surgical options have been described to prevent this compli-
cation. The aim of this study is to investigate the safety and the efficacy of intrao-
perative phrenic nerve infiltration with long-acting anesthetics in producing
transient hemidiaphragm paralysis in patients at high risk for prolonged air leak,
thus improving pulmonary expansion after surgery and reducing air leaks, while
controlling postoperative pain.

Methods: Between January 2021 and 2023, 65 consecutive patients at risk for pro-
longed air leak (defined in accordance with “2019 Society of Thoracic Surgery score
criteria of prolonged air leak”™ who underwent lung resection (lobectomy or
anatomic segmentectomy) for malignancy were prospectively included in the study.
They were randomly (1:2 ratio) assigned to receive (group A, 22 patients) intraoper-
ative phrenic nerve infiltration with ropivacaine 10 mg/mL in the peri-neurotic fat on
the pericardium or not to receive intraoperative phrenic nerve infiltration (group B,
43 patients). Five patients in group B were excluded because they did not undergo
anatomic resection. Data on pulmonary reexpansion, prolonged air leaks, pain at 24
and 72 hours postsurgery, referred shoulder pain, length of hospital stay, and length
of chest tube permanence were collected and compared.

Results: Hemidiaphragm elevation (P = .006) and pulmonary expansion (P = .000)
were significantly higher in group A. Patients in group A showed lower pain at 24 and
72 hours compared with group B (P = .004). Shoulder pain (0.001) and prolonged
air leak (0.000) were higher in group B. Length of chest tube was longer in group B.
No difference in hospital stay length was observed.

Conclusions: This is the first study to investigate 2 combined effects of phrenic
nerve anesthetic infiltration (hemidiaphragm elevation and pain control), with poten-
tial enhancement of a patient’s recovery after surgery. Intraoperative phrenic nerve
infiltration in patients with a risk for prolonged air leak appears to be a safe and effec-
tive clinical practice to improve pulmonary expansion in this set of patients, reducing
postoperative air leak. This result is associated with an additional improvement in
pain control, especially for shoulder pain. (JTCVS Open 2025;23:349-57)

Intraoperative phrenic nerve infiltration with long-
acting anesthetic.

CENTRAL MESSAGE

Intraoperative phrenic nerve
infiltration appears to be a safe
and effective clinical practice to
improve pulmonary expansion
and reduce postoperative air
leak, while improving pain
control.

PERSPECTIVE

This is the first study to investigate 2 combined
effects of phrenic nerve anesthetic infiltration
(hemidiaphragm elevation and pain control),
with the potential enhancement of a patient’s re-
covery after surgery, showing promising results in
terms of pulmonary expansion and pain control in
patients defined at risk for pulmonary air leak af-
ter surgery.
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Abbreviations and Acronyms
NRS = numerical rating scale
PAL = prolonged air leak

Enhanced recovery after thoracic surgery is a challenge.
Postsurgery complications such as prolonged air leak
(PAL) and postoperative pain may limit pulmonary recov-
ery after surgery, prolonging hospitalization in patients
who underwent lung resection.

Many comorbidities may favor the occurrence of air leak
and the consequent residual air space. Several factors have
been identified to be related with postoperative PAL, de-
pending on the patients’ characteristics and surgical
approach.’ Moreover, patients usually experience postoper-
ative pain related to surgical incisions and chest tube inser-
tion, which is exacerbated during breath at rest or with
movement, which represents another important aspect
affecting postsurgery recovery.” In particular, pain can be
responsible for the risk of pulmonary complications such
as retention of secretions, delayed pulmonary expansion
due to limited movement, and possible pneumonia.

Several techniques have been proposed to reduce the risk
for PAL and for pain control. However, the principal
methods described in the literature require special tools or
cumbersome maneuvers and were not always applicable.

The phrenic nerve lies on the pericardium, beneath the
mediastinal surface of the parietal pleura, and originates
from the anterior rami of C3 through C5, traversing the
neck, heart, and lungs to reach the diaphragm. It consists
of motor, sensory, and sympathetic fibers, providing com-
plete motor innervation to the diaphragm and sensitivity
from the mediastinal, diaphragmatic pleura, and pericar-
dium. The phrenic nerve arises mainly from the fourth cer-
vical nerve, which also provides the cutaneous innervation
for the skin over the shoulder, so irritation of the pleural sur-
face by chest drains, which is referred to as the shoulder, is
conducted via the phrenic nerve.’

Despite the well-known efficacy of phrenic nerve infiltra-
tion to reduce thoracic pain after surgery and to achieve
transient hemidiaphragm paralysis, promoting pulmonary
expansion, there are no studies in the literature investigating
the results of these combined effects.

The primary objective of the study consists of assessing
the safety and efficacy of intraoperative anesthetic (ropiva-
caine) phrenic nerve infiltration in preventing residual
pleural space and PAL after surgery in selected patients
with risk factors for PAL after lung surgery. The secondary
aim consists of assessing pain control by the same applica-
tion of intraoperative aesthetic nerve infiltration. This is the
first prospective randomized study investigating whether in-
traoperative phrenic nerve infiltration could improve
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pulmonary expansion through a temporary paralysis of
the diaphragm, while reducing PAL and the incidence of
postoperative pain. The combined mechanism of hemi-
diaphragm paralysis and analgesic effect would allow pa-
tients to begin postsurgery rehabilitation early, such as
mobilization and pulmonary rehabilitation, thus achieving
an enhanced recovery after lung surgery.

MATERIAL AND METHODS

Between January 2021 and January 2023, 65 consecutive patients at risk
for PAL were planned to receive lung resection (lobectomy or anatomic
segmentectomy) for malignancy and were included in the study. The power
calculation was based on previous published studies on the management of
residual space and PAL after thoracic surgery. The sample size included 90
patients. Considering a possible dropout from the study, the sample size
chosen was 65 patients. This calculation was performed with STATA sta-
tistical software, applying the likelihood ratio test comparing 2 indepen-
dent proportions (considering alpha = 0.05, power = 80% and 1-tailed
test).

Inclusion criteria consisted of patients aged more than 18 years, patients
affected by lung cancer eligible for surgery (lobectomy or anatomic seg-
mentectomy), and patients with high risk for PAL after surgery. Patients
were defined at risk for PAL in accordance with “2019 Society of Thoracic
Surgery score criteria of PAL,” an aggregate score specifically designed for
lung resection, assigning an odd risk to each patient based on the most com-
mon predictors for PAL, including body mass index 25.5 kg/m’or less (7
points); lobectomy or bilobectomy (6 points); forced expiratory volume
in 1 second 70% or less (5 points); male sex (4 points); and right upper
lobe (3 points). A total score greater than 17 is considered high risk for
PAL.

Exclusion criteria included patients with metastatic disease; patients
with low performance status not eligible for surgery; patients who under-
went pneumonectomy or wedge pulmonary resections; tumors infiltrating
the phrenic nerve, diaphragm, or chest wall; congenital or acquired neuro-
logical disorders causing chronic pain; osteo-muscular pathologies
affecting the shoulder; and patients with preoperative forced expiratory
volume in 1 second 30% or less, which could predict severe chronic respi-
ratory failure.’

The general population was randomly selected with a 1:2 ratio and
divided in 2 groups: Group A (22 patients) received intraoperative phrenic
nerve infiltration with ropivacaine 10 mg/mL in the peri-neurotic fat lying
on the pericardium, and group B (43 patients) did not receive the infiltra-
tion. A 1:2 randomization ratio was chosen for encouraging patient enroll-
ment because of the restricted inclusion criteria. This was an experimental
trial, so the reason for a 1:2 ratio includes cost reduction, more homogene-
ity, avoidance of presumed risks (as toxicity, not reported in the present se-
ries), and increase in the amount of information on postoperative
management. In group B, 5 patients who received no anatomic resection
were excluded.

Patients were allocated to the 2 different study groups according to a
sequence obtained by a random number generator, and the subjects were
blinded to the study. This original prospective study received Institutional
Review Board approval (Prot. n. 76 SA/2022 RIF. CE 6682/2022), was
registered in ClinicalTrials.gov (Identifier: NCT06356038), and was con-
ducted in accordance with the Declaration of Helsinki. Written informed
consent was obtained from all patients, and data were prospectively
analyzed. Consent for photograph publication was obtained from the
patients.

All patients received preoperative physical examinations, routine blood
tests, pulmonary functional tests (spirometry and arterial blood gas anal-
ysis), and cardiac tests according to the personal clinical history. Imaging
collection includes total body computed tomography and positron emission
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tomography. Central tumors required bronchoscopy to assess an eventual
endobronchial invasion and to obtain a diagnosis. If N1/N2 staging was
clinically suspected, patients underwent endobronchial ultrasonography
with eventual transbronchial needle aspiration or mediastinoscopy.

All patients fit for surgery underwent lung resection with the same
approach: a muscle-sparing minithoracotomy (lateral 5-6 cm incision on
the fifth intercostal space) to reduce bias regarding postoperative pain
due to different surgical approaches.

In group A, patients received the intraoperative infiltration of the
phrenic nerve by the surgeon who injected 10 mL of ropivacaine 0.75%
(the same procedure of local analgesia routinely adopted in our clinical
practice at the level of the intercostal space) in the peri-neurotic pericardial
fat, at a distance of some millimeters from the nerve, close to the dia-
phragm. Infiltration was performed with a deflated lung after pulmonary
resection and chest tube insertion; thus, direct nerve injury is unlikely to
occur (Figure 1). For this reason, perineural injection of saline solution
in the control group was not included in the study protocol. Fat pad is a
reproducible site for infiltration, acting as a reservoir for the local anes-
thetic and reducing the risk of intraneural injection and nerve damage.
The technique has been applied in the same manner for every patient.

All patients also received the usual local analgesia (intercostal infiltra-
tion from the fourth to the eighth space at the moment of thoracotomy using
20 mL [7.5 mg/mL] ropivacaine injection at a dose of 4 mL for each space®)
and systemic endovenous analgesia (acetaminophen 1 g 3 times per day
and ketorolac 30 mg 3 times per day). Tramadol was used in case of
pain persistence with the previous medicaments. Chest tubes were con-
nected to a digital chest drainage system to register air leaks (Drentech
Palm Evo, Redax), so data on air leakage were objectively collected.

All patients received chest radiography on postoperative days 1, 3, and
5. The position of the patients during radiography control is standardized:
standing position with the anterior chest wall adhered to the x-ray cassette,
hands placed on the hips, and arms moved forward to prevent the image of
the scapulae overlapping the lung parenchyma. Lateral projection is per-
formed with patient leaning on the left side against the cassette and raising
the arms. If the patient was not optimally positioned, the control was
repeated. The correct position was checked by the radiological technicians
to obtain the same position (with particular attention to the position of the
clavicle and first rib) during the repeated examinations. The breathing cycle
at the time the film was taken was maximum inspiration. The presence of
diaphragm elevation and pulmonary residual space elimination was
assessed.

Diaphragmatic elevation was defined as a right hemidiaphragm sitting
more than 2 cm higher than its left counterpart or a left hemidiaphragm
sitting equal or higher than the right hemidiaphragm.” Pulmonary residual
space elimination was defined as complete or near complete if the lung
achieved more than 90% of the pleural surface on chest radiograph and
incomplete if the lung achieved less than 90% of the pleural surface.
The rate of lung surface was calculated evaluating the “mean interpleural
distance”: The measurement was estimated according to the average dis-
tances between the lung and chest wall calculated at 3 points (apex, costo-
phrenic sinus, midpoint) on chest radiograph.”® Postoperative radiography
was compared with preoperative radiography (Figure 2). PAL was defined
as a leakage of more than 20 mL/min registered by the digital chest
drainage device for more than 5 days.’

Pain control was assessed using the numerical rating scale (NRS) from
0 (no pain) to 10 (maximum level of pain) at 24 hours and 72 hours from
surgery. The need for additional analgesic medicaments was registered
and evaluated.

All patients started pulmonary rehabilitation programs (mobilization
and respiratory exercises) on postoperative day 1. Chest tube drainage
was removed when radiological evidence showed complete or near com-
plete pulmonary expansion, absence of air leak in the digital chest drainage
system, and a median drain amount 5 mL/kg or less. 101f clinically stable,
patients were discharged with the chest tube in situ connected to a Heimlich

FIGURE 1. Intraoperative phrenic nerve anesthetic infiltration in the peri-
neurotic pericardial fat with a deflated lung.

valve. The removal was performed in the clinic after clinical radiological
assessment of pulmonary expansion and no air leakage.

Statistical Analysis

Data were collected and stored in an Excel database (Microsoft Corp)
and were analyzed using SPSS, version 25.0 (SPSS Software, IBM
Corp). Data collected were then analyzed and compared between the 2
groups. Values were expressed as mean + SD for continuous variables
and as absolute number and percentage in categorical variables. Compari-
son of categorical variables was performed by chi-square test using the
Fisher exact test. Comparison of qualitative variables was performed by
Student ¢ test.

RESULTS

There were 16 male patients (73%) in group A and 24
male patients (63%) in group B; the mean age was
68.36 + 13.59 years in group A and 68.57 £ 11.16 years
in group B. General characteristics of the population are re-
ported in Table 1.

The mean PAL score was 19.09 + 3.69 (range, 11-20) in
group A and 17.42 £ 4.37 (range, 11-22) in control group B,
without a significant statistical difference (P = .069). The
mean preoperative body mass index was 25.53 £ 3.39
(range, 21.26-33) in group A and 24.30 £+ 2.64 (range,
20.48-30.50) in group B, without a significant statistical dif-
ference (0.078).

The tumor was in the right upper lobe in 12 patients
(55%) in group A and 28 patients (73.7%) in control group
B. The prevalent tumor site in both groups was the right up-
per lobe (66%). Twenty patients (91%) underwent lobec-
tomy in group A versus 30 patients (79%) in group B.

JTCVS Open ¢ Volume 23, Number C 351
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FIGURE 2. Chest radiograph control before and after surgery in a patient
who received intraoperative phrenic nerve infiltration: hemidiaphragm
elevation and complete pulmonary reexpansion.

The remaining patients underwent anatomic segmentec-
tomy. Mean operative time was 103.18 + 20.96 minutes
(range, 90-110) in group A and 105.26 + 26.33 minutes
in group B (range, 95-115) (P = .369). Adenocarcinoma

group A versus 34 (89.5%) in group B. Histology is
described in Table 1.

Postoperative hemidiaphragm elevation was observed in
14 patients (63.6%) in group A versus 10 patients (26.3%)
in group B, with a statistically significant difference
(P =.006). Complete pulmonary residual space elimination
on the first postoperative day was then observed in 18 pa-
tients (82%) in group A and in O patients (0%) in group
B (P = .000). In the 4 patients (18%) in group A without
complete reexpansion on postoperative day 1, only 1 patient
had PALs (cutoff >20 mL/min) versus 32 patients (84.2%)
in group B, with a statistically significant difference
(P = .000). Additional procedures to control persistent air
leakage were performed and are described in Table 2.

PAL was observed in 4 patients (18%) in group A and 32
patients (84.2%) in group B. This difference was statisti-
cally significant (P = .000). No complications related to
the procedure were described. No evidence of pulmonary

was the most common histological type: 20 (90.9%) in atelectasis at radiograph controls was reported.
TABLE 1. Patients’ general characteristics
Group A Group B
Variables (N=22) (N =38) P value
Hemidiaphragm elevation, n (%) 14 (63.6) 10 (26.3) .006
Residual space elimination, n (%) 18 (82) 00 .000
PAL, n (%) 4 (18) 32 (84.2) .000
Pain NRS 24 h (mean + SD) 3.82 + 2.403 542 £ 1.68 .004
Pain NRS 72 h (mean + SD) 32+ 1.04 4.68 + 1.43 .001
Shoulder pain 24 h, n (%) 4 (18.2) 24 (63.2) .001
Shoulder pain 72 h, n (%) 5(22.7) 23 (60.5) .007
Additional medicaments, n (%) 4(18.2) 24 (63.2) .001
Length of hospital stay (d, 791 £+ 4.84 10.24 £+ 5.027 .080
mean £+ SD)
Length of chest tube permanence 10.18 £ 3.45 15.84 £+ 8.97 .000
(d, mean + SD)
Gender male, n (%) 16 (73) 24 (63) 321
Age (mean £ SD) 68.36 + 13.59 68.57 £ 11.16 947
FEV1 <70% n (%) 22 (100) 32 (84) .023
Surgical approach, n (%) 204
Lobectomy 20 (91) 30 (79)
Sublobar resection 29 8 (21)
Pulmonary lobe, n (%) 110
URL 12 (55) 28 (73.7)
IRL 4 (18) 4 (10.5)
ULL 4 (18) 6 (15.8)
LM 2(9) 0 (0)
Histology, n (%) .051
Adenocarcinoma 20 (90.9) 34 (89.5)
Squamous 0 (0) 4 (10,5)
Carcinoid 2(9.1) 0 (0)

PAL, Prolonged air leak; NRS, numerical rating scale; SD, standard deviation; FEV1, forced expiratory volume in 1 second; URL, upper right lobectomy; IRL, inferior right lo-

bectomy; ULL, upper left lobectomy; LM, lobectomy of medium.
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TABLE 2. Postoperative procedures applied for patients with
prolonged air leak after surgery

Procedure Group A (22) Group B (38) P value
PNP, n (%) 0 (0) 7 (18.42)
FBS, n (%) 3 (13.64) 6 (15.79)
PNP + FBS, n (%) 0 (0) 10 (26.31)
Blood patch, n (%) 0(0) 2 (5.26)
Total, n (%) 3 (13.64) 25 (65.8) .000

PNP, Pneumoperitoneum; FBS, fiber bronchoscopy.

Supplemental oxygen was routinely administered as sup-
port in the perioperative period, and no difference was re-
ported between the 2 groups.

The mean NRS pain score at 24 hours was 3.82 £ 2.40 in
group A and 5.42 £ 1.68 in group B (P = .004). The mean
NRS pain score at 72 hours was 3.20 &+ 1.04 in group A and
4.68 £ 1.43 in group B (P = .001), showing a statistically
significant advantage in group A.

Pain localized at the homolateral shoulder was reported
in 4 patients (18%) in group A versus 24 patients
(63.2%) in group B (P = .001) at 24 hours and in 5 patients
(22.7%) in group A versus 23 patients (60.5%) in group B
(P = .007) at 72 hours. Additional medicaments (tramadol
50 mg/twice) were required by 4 patients (18%) in group A
versus 24 patients (63.2%) in group B (P = .001), in accor-
dance with the increased reported pain, in the first 24 hours
after surgery.

Mean length of hospital stay was 7.91 + 4.84 days in
group A (range, 7-12) versus 10.24 + 5.03 days (range, 5-
22) in group B (P = .080), with no statistically significant
difference between the groups.

Mean length of chest tube permanence in site was
10.18 £ 3.45 days (range, 5-15) in group A versus
15.84 £ 8.97 days (range, 11-40) in group B (P = .000),
showing a statistically significant difference in favor of
group A.

DISCUSSION

Residual airspace due to PAL after lung resection is a
common problem in thoracic surgery. The definition of
PAL varies in different published series, ranging from an
air leak lasting beyond postoperative day 5 to day 10.
PAL has been reported to occur in approximately 5% to
40% of patients after surgery.' "'

The lack of contact within the parietal and visceral
pleural surfaces due to PAL can create a nonsterile environ-
ment exposing patients to infections. The longer this situa-
tion persists, the greater possibility of complications can
occur, prolonging hospital stay and impacting both patients’
quality of life and the general health system."’

Postsurgery recovery is affected by postoperative pain,
increasing the risk for pulmonary complications, such as

retention of secretions, atelectasis, pneumonia, and delayed
pulmonary expansion even due to limitation in performing
postoperative rehabilitation. Postoperative pain prevents
the patient from taking deep breaths, limiting the ultimate
benefit of physiotherapy and limiting lung expansion, while
increasing residual pleural space.

Several surgical options to avoid residual air space are
described. Many authors have proposed intraoperative
techniques to immediately promote pleural cavity obliter-
ation and prevent PAL. One of the easiest and most often
used techniques is crushing the phrenic nerve using a sur-
gical clamp.'* However, the use of this technique is contro-
versial because the dysfunction of the nerve can be
irreversible, causing respiratory problems. In 1976, Iver-
son and colleagues'” reported a 50% diminished diaphrag-
matic function and 20% permanent diaphragmatic
paralysis rate after crushing the phrenic nerve. Pleural tent-
ing has been described, but it may not be always techni-
cally feasible when required, especially because of
possible pleural injury or extrapleural dissection. More-
over, it could cause intercostal nerve damage.”’ Pneumo-
peritoneum is another efficient well-described technique
that can be performed intraoperatively or postopera-
tively”; however, it requires blinded needle access to the
abdomen, and some patients who underwent previous
abdominal surgery may not be eligible. Furthermore, po-
tential related complications such as colon perforation
and hemorrhage should be considered.'® More conserva-
tive and less operative approaches include prolonged
period of chest drainage in site, also including the use of
the Heimlich valve, unidirectional endobronchial valve
positioning, and increased physiotherapy.'® Pleurodesis
with various agents (tetracycline, talcum, silver nitrate)
can be a technical alternative in case of PAL with adequate
lung reexpansion.”’

The use of local anesthetic for phrenic infiltration is a
more recent alternative. In 2007, Clavero and colleagues21
described a new technique of transient phrenic nerve paral-
ysis with continuous para-phrenic infusion of 0.25% bupi-
vacaine at 5 mL/h delivered through a catheter placed under
direct vision during surgery. The advantage of this tech-
nique over phrenic crush or phrenic nerve resection is that
the diaphragmatic paralysis is only transitory. The dia-
phragmatic function is completely recovered once the anes-
thetic infusion 1is discontinued, preserving adequate
ventilatory capacity and adequate mechanism of cough.
Nevertheless, this procedure requires a catheter in place
for several days, with possible risk for accidental
dislocation.

Intraoperative phrenic nerve infiltration is minimally
invasive, easily reproducible, fully controllable, well toler-
ated by the patient, and quickly reversible. It has proved to
be a safe procedure, with no impact on the cardiovascular
system. '

JTCVS Open ¢ Volume 23, Number C 353
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Moreover, a previous study by Krishnamoorthy and col-
leagues”™ reported that patients who underwent phrenic
nerve infiltration experienced a greater reduction of other
analgesic requests, demonstrating better pain control. The
explanation is that the mechanical mediastinal and dia-
phragmatic pleural irritation caused by the chest drain,
which is reported at the shoulder, is conducted via the
phrenic nerve sensitive fibers. Therefore, blocking the
pathway by infiltrating the phrenic nerve with a local anes-
thetic may alleviate this symptom. Therefore, it is reason-
able to assume that rostral spread of local anesthetic
injections could interfere with ipsilateral hemidiaphragm
function by blocking C-3 to C-5 motor nerves. In this
way, the transient block of the nerve would achieve both
hemidiaphragm paralysis and pain control.

The present study reports promising results in terms of
both pulmonary residual space elimination and pain control
in the group of patients who underwent intraoperative
phrenic nerve infiltration. Hemidiaphragm elevation was
observed in 63.6% of patients who underwent phrenic
nerve infiltration, with a statistically significant difference
compared with the control group (P = .006). The effect is
transitory and reversible, so no evidence of pulmonary atel-
ectasis on radiograph controls was reported in this series,
probably even related to the early start of postoperative
rehabilitation on the first postoperative day, allowing good
pulmonary reassessment. This is also associated with the
evidence of better complete pulmonary residual space elim-
ination rate on postoperative day 1 for the infiltration group
(P = .000), whereas PALs were mostly observed in the con-
trol group (P = .000).

PAL score was 19.09 &£ 3.69 in group A and 17.42 £ 4.37
in control group B reporting a homogeneity in technical
characteristics for the 2 groups. PAL score greater than 17

TABLE 3. Postoperative procedures, detailed description

represents an increased risk of approximately 2 times
(odds ratio, 0.664)." Despite the literature reporting a rate
of PAL ranging from 15% to 40% in the general popula-
tion,'? the results observed are in line with the doubled
risk of PAL in the set of patients included in the study,
reporting 18% in group A and an astounding 84% in
group B. Moreover, there is a wide heterogeneity of
PAL definition in the literature both for symptom duration
(>5-7 days) and evaluation criteria.

We observed an increased need for additional proced-
ures for persistent air leakage control (P = .000) in group
B, in which patients experienced a higher PAL rate; 25 pa-
tients (65.8%) in group B underwent pneumoperitoneum
or fiber-bronchoscopy for retention of secretions or blood
patch to fill the pleural space (Table 3).>* Pneumoperito-
neum was preferentially performed with evidence of re-
sidual air space and a mean air leakage of 105 £+ 40 mL/
min, showing best results when performed within the first
72 hours from surgery.'” Fiber bronchoscopy for airway
toilette was performed in 3 patients who underwent lobec-
tomies in group A for the intraoperative evidence of se-
vere pulmonary emphysema and secretion retention, and
in 6 patients in group B because of the evidence of residual
air space at radiograph associated with a mean of air
leakage less than 100 mL/min. Blood patch was
performed in 2 segmentectomies in group B after
24 hours because there was no improvement after
pneumoperitoneum.

However, a standard protocol cannot be defined because
the application of the several therapeutic strategies is case-
by-case based. A wide spectrum of variabilities have to be
considered, such as parenchymal characteristics, eventual
intraoperative evidence of adhesions, particular anatomic
characteristics, and comorbidities.

Days after Residual air Days after Days after
surgery to space at Air leakage surgery of surgery of chest
perform the radiograph amount, mL/min  PAL cessation tube removal
Procedure Type of resection procedure N (%) (mean * SD) (mean * SD) (mean + SD)
PNP, n (%) - - - - - -
Group A, 0 (0%) 5 lobectomies (71.4) 4 7 (100) 105 £+ 40 16.2 £ 5.1 18.1 4.5
Group B, 7 (18.42%) 2 segmentectomies (28.6) 4
FBS, n (%) 3 lobectomies (100) 1 0 0 0 112 +£23
Group A, 3 (13.64%) 4 lobectomies (66.7) 2 4 (100) 80 £ 15 15.1 £54 16 +£7.8
Group B, 6 (15.79%) 2 segmentectomies (33.3) 2 1 (50) 73 + 12 13.3 +42 152 +5
PNP + FBS, n (%) - - - - - -
Group A, 0 (0%) 9 lobectomies (90) 542 9 (100) 101 £ 25 162 + 4 182 £ 3.6
Group B, 10 (26.31%) 1 segmentectomy (10) 5 1 (100) 98 14 15
Blood patch, n (%)
Group A, 0 (0%) - - - - - -
Group B, 2 (5.26%) 2 segmentectomies (100) 6 2 (100) 45 £ 12 10+3 10.5 £ 0.7

PAL, Prolonged air leak; PNP, pneumoperitoneum; FBS, fiber bronchoscopy.
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e 2021-2023: 65 consecutive
patients at risk for PAL
underwent surgery for malignancy

Randomization 1:2;

Group A (22 pts) received intra
-operative phrenic nerve
infiltration; Group B (38 pts

+ 5 pts lost) received no infiltration

Superior
Vena Cava .~

Phrenic nerve infiltration:
Ropivacaine 10 mg/ml in the peri-
neurotic fat on the pericardium

Right
Phrenic
Nerve

\__ Peri-Phrenic
L\ Nerve Fat
) Sheatn

_ Diaphragm

14 (63.6%) | 10 (26.3%)| .006
18 (82%) 0 (0%) .000
4(18%) |32 (84.2%)| .000

3.82 £2.403( 5.42 = 1.68 .004

32+1.04 |468=1.43| .001

4(18.2%) | 24 (63.2%)| .001
10.24

791x484 | 0L .080
15.84

10.18+3.45 | 00 .000

referred pain.

Intra-operative anaesthetic nerve infiltrations in this chort has proven to provide good results in achieving pulmonary
expansion in patients at risk for PAL, reducing air leaks, while obtaining a good pain control, especially for shoulder

Legend:PAL (Prolonged Air Leak); NRS (Numeric Rate Scale)
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FIGURE 3. Comparative analysis and results between Group A (intra-operative phrenic nerve infiltration) and group B (no-infiltration).

Interestingly, if considering the second aim of the study,
pain scores at 24 hours (P = .004) and 72 hours (P = .001)
after surgery showed statistically significant better results in
the infiltration group with homolateral shoulder pain re-
ported in 4 patients (18%) in group A versus 24 patients
(63.2%) in control group B (P = .001). At 24 hours, the
score referred at 72 hours overlapped these results. This is
probably explained by a higher pain threshold developed
because of phrenic nerve infiltration, which would persist
beyond the pharmacokinetic effect. Different studies have
explored the relationship between local anesthesia and in-
flammatory factors, pointing out that the blockade of noci-
ceptive stimulation by nerve blockade inhibited the increase
in plasma levels of proinflammatory cytokines (interleukin-
6 and tumor necrosis factor alpha), which are inducible fac-
tors closely associated with the degree of surgical
trauma.” "’ It has been proven that local anesthetics can
have a direct impact on nerve roots, and as a result, the trau-
matic nociceptive stimulation was inhibited; therefore, the
pituitary—adrenal axis was not activated, and the stress
response was blocked. This mechanism was finally ex-
pressed as a reduced level of proinflammatory cytokines

associated with the decrease in chronic pain after

26,27
surgery.”®

Moreover, because of the reduction of pain in the early
postoperative period due to the analgesic phrenic nerve
infiltration, this set of patients can start early mobilization
and physiotherapy, enhancing muscular relaxation with
movement and achieving acceptable and stable pain con-
trol. Thus, advantages related to this technique were
observed not only in pulmonary expansion but also in
pain control.

Length of hospital stay was not statistically different in
the 2 groups, but chest drainage permanence in site was
significantly longer in the control group (P = .000). This
result could be justified by our policy to discharge patients
showing mild air leaks with the tube in place connected to a
Heimlich valve, thus limiting exposure of patients to poten-
tial hospital infections and enabling more mobilization in
the home setting.

Limitations

The study presents some limitations. The main limitation
is the small number of patients, which is justified by the

JTCVS Open ¢ Volume 23, Number C 355
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relatively strict inclusion criteria. The strength of the study
is represented by the homogeneity of the 2 groups (in terms
of preoperative characteristics such as PAL score, body
mass index, and age), the prospective and randomized allo-
cation of patients, the homogeneity in surgical technique,
and the postoperative management in a single-center expe-
rience. Moreover, this is a pilot study because to the best of
our knowledge no other similar study is reported in the
literature.

Although the risk of direct nerve damage due to anes-
thetic injection was limited because of the adequate safety
distance of the needle tip from the phrenic nerve, the lack
of placebo injection in the control group is a limitation of
the study.

Another limitation is related to the high sensitivity of the
digital device we used in the present study, which was not
used in previous published studies. This could have contrib-
uted to overestimation of the PAL rate in our study if
compared with current literature data.

Despite the limitations of the study, the results are prom-
ising, and the intraoperative anesthetic phrenic nerve infil-
tration has proven to improve pulmonary residual space
elimination in patients with a high risk for PAL, while ob-
taining good pain control in this cohort of patients. In this
way, we can limit both pain and surgical complications
that could delay the recovery. We believe the results of
the procedure applied in this study would benefit patients
and reduce the cost of a lengthy hospitalization.”®

CONCLUSIONS

This is the first study to evaluate the 2 combined effects of
intraoperative phrenic nerve infiltration after anatomic lung
resection (pulmonary reexpansion and pain control). This
promising technique may allow enhanced recovery after
surgery, reducing complications and improving postopera-
tive outcomes in terms of better lung reexpansion, reduction
of air leak, reduced pain, and chest tube duration (Figure 3).
This approach can produce significant health benefits at a
reasonable cost with respect to the existing procedures.
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