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Introduction

In light of surgical technology and equipment development,
surgery using video-assisted thoracoscopic surgery (VATS)
has been successfully applied in many challenging situations
consisting of sleeve and double sleeve lobectomies, pneu-
monectomy, and even tracheal and carinal plastic surgery.1–4

In addition to less intraoperative blood loss and comparable
operating times,5 the VATS technique has also demonstrated
equivalent oncological results. Hanna et al6 reported that
there was no difference between VATS and thoracotomy in
terms of disease-free, cancer-specific, and 5-year overall
survivals. Furthermore, Paul et al7 pointed out that lobect-

omy with VATS was associated with a lower rate of post-
operative complications such as arrhythmias, reintubation,
and anemia requiring blood transfusion.

Despite all of these advancements and the popularization
of VATS technique, ipsilateral reoperation remains a prohib-
ited area. The technical restrictions come from both dense
pleural adhesions8,9 and difficult hila (distorted hilum ana-
tomical structure with fibroplastic proliferation in a
high degree) after the primary operation.10 Among these
circumstances, safe management of difficult hila has become
one of the greatest challenges, even for thoracotomy.11Given
the limited operative field and weakened haptic feedback,
these situations would be trickier during thoracoscopic
operations. The essential framework of the difficult hilum
consists of contorted anatomical structures and fibroplastic
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Abstract Background Video-assisted thoracoscopic surgery (VATS) has become the preferred
approach forminimizingharm fromthoracicoperations. There is no report, however,which
has discussed the feasibility of VATS in ipsilateral reoperation of major lung resection.
Methods The present study included patients who had undergone ipsilateral reo-
peration of major lung resection by VATS from October 2009 to May 2017. Referring
clinical data were recruited for analysis.
Results Fourteen patients were recruited in the present study, including nine patients
who underwent lobectomy and five who underwent segmentectomy during
the second operation. Different hila were found in 6 patients, and pleural adhesions
appeared in 10 patients. The average intraoperative blood loss was 203.6 � 121.7 mL,
and the mean operating room time was 2.2 � 0.5 hours. There were no intraoperative
deaths, and only one patient required conversion to thoracotomy. The average
drainage time was 5.9 � 4.6, and the mean hospital stay was 6.7 � 4.2 days.
Conclusion Though it is technically demanding to safely handle the changed hilum
structure caused by the last operation, major lung resection by VATS is feasible for
ipsilateral reoperation in appropriate candidates.
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proliferation,12 which pose a high risk of pulmonary artery
injury during surgery. Subsequent massive bleeding fre-
quently results in unplanned surgical conversion.13,14Never-
theless, as far as we know, there are still no available articles
that report the use of VATS for difficult hila.

Herein, the present study aimed to share some pointers
for handling difficult hila and demonstrating the feasibility of
ipsilateral reoperative major lung resection by VATS.

Patients and Methods

Patients Selection
The present study included lung nodule patients who
underwent second ipsilateral major lung resections (lobect-
omy or segmentectomy but excluding pneumonectomy)
with VATS from 2009 through 2017. We excluded patients
who had neoadjuvant radiotherapy before the later surgery.
As a retrospective study, the approval was waivered by the
ethical committee of Shanghai Pulmonary Hospital and The
First Affiliated Hospital of Zhejiang University.

Preoperative Evaluation
Preoperative evaluationwas undertaken in all of the patients.
Enhanced chest computed tomography (CT) scans and pre-
vious surgical history were utilized to evaluate lung lesion
resectability. Due to suspected lung cancer diagnoses, brain
magnetic resonance imaging, abdominal ultrasonography/CT
scan, and bone scanning were performed to rule out distant
metastasis. Pulmonary function tests, echocardiography, and
blood gas analyses were routinely performed to assess cardi-
opulmonary functional reserve. Perfusion–ventilation scans
were additionally required in patients with lung function
impairment with the aim of obtaining more precise calcula-
tions of predicted postoperative lung functions.

Operative Process
Eachpatientwas intubatedusing adouble lumenandplaced in
the lateral decubitus position after general anesthesia. One or
more (two/three) port techniques were chosen according to
preference of the operating surgeon. The manipulation port
was made at the fourth/fifth intercostal space of the anterior
axillary line, while the additional ports at the seventh/eighth
intercostal space for camera (mid-axillary line) and auxiliary
operation (linea scapularis). Upon entering the pleural space,
sharp dissection with cautery, instead of blind blunt dissec-
tion, was always appropriate for dissecting out pulmonary
adhesions toavoidmorepulmonary injuries.Thiswasusuallya
safe and effective way in conditions that the incision was
surrounded by dense pleural adhesions.

Hilum dissection was the most difficult step in successful
reoperation using VATS. Based on hilum structure as observed
throughthoracoscopy,patientsweredivided into twogroups in
this study. If therewas no obvious alteration in hilum anatomy,
the patient was categorized into Group A. In this situation,
dissection around the hilum was usually easy, and thus, the
ligating sequence depended on surgeon’s experience and spe-
cific conditions. If severe scar formationsubsequent to theprior
operation existed, however, the anatomy of hilum would con-

sequently be altered (Group B). Differing fromGroup A, a strict
ligating sequence (veins first and arteries last) would become
necessary. For accurately differentiating, target bronchus and
pulmonary arteries from dense adherence tend to be challen-
ging, while pulmonary vein anatomy usually remained rela-
tively intact without too many handling difficulties.

The patients were extubated postoperatively and then
transferred back to the wards. Chest tubes were removed
once there was no air leakage upon cough. All resected
specimens were sent for pathological analysis, and the
results were used to determine postoperative management.

Results

Basic Information of Patients
A total of 14 cases were enrolled into present study, which
included 4 males and 10 females. These patients underwent
second ipsilateral resection with VATS. The median age
was 63 years (range, 33–73 years). A majority of the patients
(11 patients)were operated on the right side and only 3 on the
left side. The main reason might be the lobectomy-to-lobect-
omyat the left sidemeans completionpneumonectomywhich
would be excluded from the present study.

Surgical Options and Results of First Operations
All patients underwent VATS lung resection during the first-
time surgery, in which five patients had surgery with single
ports, six with double, and three with triple. There were 6 of
14 patients managed with lobectomy, 6 of 14 with wedge
resection, and 2 of 14with segmentectomy. One patient who
received lobectomy had an additional resection of a med-
iastinal tumor during the same surgery. Systemic lympha-
denectomy was adopted in 12 patients with 80 resected
lymph nodes in total. The patient receiving wedge resection
for biopsy (one), and the patient with adenocarcinoma in situ
(AIS) (one) did not undergo lymphadenectomy.

According to the records of the first operation, the mean
volume of intraoperative blood loss was 178.6 � 124.6 mL.
No patient had operative conversion or extended resection.
Themean operative timewas 2.2 � 0.5 hours during thefirst
surgery. The average lesion size was 19.4 � 13.3 mm. The
pathological results consisted of 10 invasive adenocarcinoma
(AD), 1 AIS, 1 neurilemmoma, 1 metastatic neuroectodermal
tumor, and 1 metastatic hepatocellular carcinoma. Resected
lymph nodes were all proven to be negative.

Surgical Options and Results of Second Operations
The median time interval between the two operations was
19.5 months (range, 4–73 months). No patient underwent
chemotherapy after the first operation. According to pre-
operative lung function testing and blood gas analysis, the
average forced expiratory volume in one second % predicted
(FEV1%pred)was 83 � 8.7%, and themean oxygen saturation
was 96.7 � 1.6%. Before the operation, all patients were
initially diagnosed with suspected lung cancer.

During the second-time operations, most of the patients
(seven) underwent single-port thoracoscopy followed bywho
received triple and double ports at 4 and 3, respectively. There
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were five patients who were managed with segmentectomy,
including one patient with both upper segmentectomy and
lower wedge resection, while the rest of them (nine patients)
underwent lobectomy. From intraoperative records, six
patients encountered difficult hila. Obvious pleural adhesions
were found in 10 patients. The average intraoperative blood
loss was 203.6 � 121.7 mL. No intraoperative emergency
happened, but one patient suffered operative conversion to
thoracotomy due to a severe pleural adhesion. The mean
operating room time was 2.2 � 0.5 hours. Intraoperative
data of later operations are presented in ►Table 1.

Fifteen lesions were resected lesions, including 10 AD, 2
desmoplasia, 1 minimally invasive adenocarcinoma, 1 meta-
static hepatocellular carcinoma, and 1 pulmonary carcinoid
tumor (spindle cell carcinoma). The average lesion size was
18.6 � 11 mm, and the mean distance to pleura was
3.4 � 4.9 mm. Five lesions were close to the pleura locally
(no distance to pleura). All patients underwent lymphade-
nectomy, through which 77 lymph nodes were excised. No
lymph node metastasis was found. Lesion characteristics are
summarized in ►Table 2.

Postoperative complication was prolonged air leaks which
were found in 5 of 14 patients, making it the most common
postoperative complication. No patient had any special treat-
ment for air leaks. The average hospitalization time was
6.7 � 4.2 days with the mean drainage time of 5.9 � 4.6
days. Patients’ postoperative information is listed in►Table 3.

Discussion

With improvement of surgical technique and surgical instru-
ment,VATShasbeenwidelyappliedover thepast severalyears,

gradually becoming a treatment mainstay in thoracic sur-
gery.15,16 The contraindications recognized previously have
been partly overcome.17–19 In this study, we first reported
experiences of major lung resection (ipsilateral reoperation)
with complete VATS. Through the dense pleural adhesions and
the hilum structure changing presented such difficulties dur-
ing the reoperation using VATS, results showed that the
complication rate, hospitalization time, and drainage time
were comparable with conventional thoracotomy.7

Thekey to this surgery is safemanagement ofdifficult hila.
First, at the field between target bronchi and arteries, it is
advisable to perform dissection with sharp scissors over
energy platforms such as harmonic devices. Blunt dissection
would be dangerous if scar formation has appeared. Any
unintentional traction to crisp scars may tear arteries, thus
inducing a massive bleeding emergency. Second, ensuring
that the dissection occurs close to the bronchi and removed
from the pulmonary arteries should be done. Artery rupture
tends to bring more severe consequence besides bronchus
injury. Third, accurate recognition of hidden landmarks
(such as the stapler line) would help surgeons confirm the
site of target bronchi and avoid the detoured vessels.

Although the appearance of artery rupture would
obviously have decreased with the previously described
methods, patients with difficult hila still suffered a higher
risk of rupture. Once artery rupture occurred, temporary
trunk blockade (with Prolene suture) is usually an effective
way to repair them. However, the feasibility of blockade
depends on whether or not a frozen extrapericardium has
appeared, which can be easily recognized according to
regional scar formation and observed in thoracoscopy. In
conditions in which trunk blockade is not feasible, a
bronchus-before-artery maneuver might be a great alterna-
tive with cutting target bronchus first, ligating, and severing
the remaining tissue with staplers.

Despite all these experiences, a backup plan B should be
prepared for unplanned conditions. As mentioned earlier,
certain clinical techniques available to handle artery rupture
exist, but if the amount of bleeding is too massive to handle
withthoracoscopy,operativeconversiontothoracotomywould
become inevitable. Additionally, perioperative emergencies
were not the only reason for surgical conversion to another
technique. To prevent intraoperative and/or postoperative
complications, eitherdenseadhesionsor interferenceby lymph
nodes should be considered as a significant cause for operative
conversion,20andonepatient in thepresent studyencountered
conversion due to pleural adhesions.

Ipsilateral reoperation using VATS is feasible when the
hilum structure is relatively intact after the first operation. If
upper hilumhad been involved during thefirst surgery, there
would be such a dense adhesion that clear recognition of
artery trunks tends to be difficult. Thus, it is necessary in
most cases (four of five in our study) to open the pericardium
and expose the intrapericardial pulmonary arteries for pos-
sible trunk blockade. In this situation, if station 4L (trachea–
bronchial) lymph nodes had also been previously removed,
the consequent extrapericardial adhesions between the
aorta and other artery trunks would further impede safe

Table 2 Characteristics of lesions

Information of lesions Later operation

Malignant lesiona 80% (12/15)

Size (mm) 18.6 � 11

Margin distance (mm) 14 � 6.6

Distance to pleura (mm) 3.4 � 4.9

Visceral pleura invasion 27% (4/15)

aExcluding pulmonary carcinoid tumor.

Table 1 Intraoperative data of later operation

Variables Later operation (n ¼ 14)

Reoperation time (h) 2.2 � 0.5

Intraoperative bleeding (mL) 203.6 � 126.3

Intraoperative mortality 0

Conversion to thoracotomy 7% (1/14)

Obvious pleural adhesion 71% (10/14)

Difficult hiluma 43% (6/14)

aDistorted hilum anatomical structure with fibroplastic proliferation in a
high degree.
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dissection. Hence, the performance of completed thoraco-
scopic resection tends to become extremely difficult on the
left side. Actually, meticulous preoperative evaluations and
surgical experience was of great significance for a favorable
surgical effect.

Prominent complication after ipsilateral consecutive
operations was prolonged air leakage (36% in this study).
The leading cause was a result of pulmonary tears caused by
separation of pleural adhesions. Other than careful surgery,
several novel pathways have been proven to be effective to
prevent prolonged air leakage. Fleece-bound sealing (Tacho-
Sil) might be beneficial to hasten air leakage healing in these
cases.21,22 Marta et al23 pointed out that patients treated
with TachoSil had less postoperative air leakage duration
than those who received standard treatment after lung
lobectomy. Additionally, Baysungur et al24 reported that
patients managed by the autologous pleural buttressing
(staple lines) had earlier chest tube removal for lung bullae
surgery. A meta-analysis (n ¼ 1,335) by Malapert et al25

revealed that assistive methods (such as sealants and but-
tressing) effectively reduced prolonged air leakage risk fol-
lowing wedge resection or lobectomy. Additionally, as the
ipsilateral reoperation is rare in clinical situation and
remains a relative contraindication for VATS, there were
only 14 cases within 8 years. But with limited simple size,
we could preliminarily prove the feasibility of thoracoscopic
reoperation. The prospective clinical trial needs to be per-
formed to address this limitation in the future.

In conclusion, with clinical experience, VATS may serve as
a feasible approach to perform ipsilateral reoperative major
lung resection. The keys to a successful VATS reoperation are

correct management of difficult hila, backup plan B setting,
accurate patient selection, and prolonged air leak avoidance.
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