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case series
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ABSTRACT

Background: Pleurography (PG) has been described previously but has not gained
popularity. PG can determine the exact air leak points in the lung, which is important
for treating pneumothorax and pleural fistulas. We believe that the usefulness of PG
should be reassessed, and here we describe the method, air leak detection rate, and
common complications.

Methods: From the 1210 cases of pleural fistulas that were treated at our institution
between March 2015 and October 2018, 275 patients with recurrent primary pneu-
mothorax or secondary spontaneous pneumothorax were selected for this study.
PG was performed in 127 patients with persistent air leakage during exhalation. In
addition, 35 patients with postoperative complications of air leakage persisting
for 7 days or longer were included.

Pleurography showing the location of air leakage in
the lungs and the extent of adhesions.

CENTRAL MESSAGE

Results: Air leak points were detected in 119 patients (73%), in the apex of the lung | 1€ 0.6 % incidence of grade >3

in 65 cases, in the basal segment in 13 cases, and in the middle lobe or lingular
segment in 9 cases. There were 8 cases of hilar lesions, 12 cases of S6 lesions, 8 cases
of upper lobe lesions other than apex, and 4 cases of upper mediastinal lesions.
Complications within 30 days were observed in 10 cases (6.2%), with 8 grade 2
cases involving fever, 1 grade 3 case involving infection, and one grade 1 case
with abdominal distension.

Conclusions: The incidence of grade >3 adverse events after PG was 0.6%, which
is considered acceptable. Our findings suggest that PG is a safe examination
method to identify air leaks before surgery for pleural fistulas. (JTCVS Techniques

adverse events after pleurogra-
phy shows that this is a safe ex-
amination method, and that its
usefulness should be reassessed.

PERSPECTIVE
Pleurography can be easily performed with fluo-
roscopy in any facility. It can confirm the air leak
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point and can be used to evaluate the degree
of adhesion. However, there is no contrast agent
for the chest cavity, and an intravenous contrast
agent is used. We performed pleurography in
162 cases; the rate of occurrence of grade >3
adverse events was 0.6%.

See Commentary on page 292.

Pleurography (PG; also known as thoracography) was first
reported in 1944 by Gordon and associates.” Rudy and
colleagues” reported its application in animals in 1968,
and Hitomi and colleagues' reported the PG method in
1971. Using a fluoroscopy table, 40 to 80 mL of meglumine
iotalamate (Conley 60; Daiichi Sankyo, Tokyo, Japan) was
injected into the pleural cavity, and the patient was
repositioned to observe the pleural cavity.

Initially, the purpose of PG was to detect pleural tumors
or mediastinal lesions. However, with the advent of
computed tomography (CT), PG was no longer sought after
for diagnosing pleural lesions, such as lung cancer and
mediastinal tumors.

Takeno reported that PG was useful for the evaluation of
pleural fistulas.” The utility of PG has been recognized more
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Abbreviations and Acronyms
BHDS = Birt-Hogg-Dubé syndrome
COPD = chronic obstructive pulmonary disease

CT = Computed tomography

LAM = lymphangioleiomyomatosis

PG = pleurography

PSP = primary spontaneous pneumothorax
SSP = secondary spontaneous pneumothorax

TEP

thoracic endometoriotic pneumothorax

recently, and it is now conventionally performed at several
institutions in Japan.” It has been argued that pleurodesis
is superior to bullectomy for treating spontaneous
pneumothorax’; however, some patients will require
surgery. It has been reported that the frequency of
occurrence of pleural fistulas after lobectomy is 58%, and
some cases require redo surgery.” A method of detecting
pleural fistulas with 3-dimensional cine CT was recently
reported.” Locating the air leak points in the lung is
important in the treatment of pneumothorax and pleural
fistulas so that an incision can be made at the most suitable
location to shorten the operation time and treat the leakage
points in a reliable manner. Therefore, we believe that the
usefulness of PG should be reconsidered. However, there
is no contrast agent for the chest cavity, and thus an
intravenous contrast agent is used.

In this case series study, we explain the PG method,
investigate its rates of detection for air leak points, and
examine common complications.

METHODS
Eligibility

PG was approved by the Ethical Committee of Nissan Tamagawa
Hospital in the 1980s.> We obtained approval for the present study from
our hospital’s Ethical Committee in 2018. The Ethical Committee of
Nissan Tamagawa Hospital debated the off-label use of Iopamidol 300
for PG and approved its clinical use (approval Tama2018-015). Written
informed consent was obtained from all patients after they were apprised
of the risks and benefits of the procedure by their surgeon. We used
nonionic iodine-based intravenous contrast agents typically used for CT;
therefore, patients with multiple drug allergies, asthma, or an estimated
glomerular filtration rate (eGFR) <30 mL/min were excluded, in the
same way as patients would be excluded from undergoing CT scans.
Consent for publication was obtained in the form of opt-out on the website.
Those who rejected were excluded from the study.

Patients

Between March 2015 and October 2018, our institution provided
inpatient treatment for 1210 patients with pleural fistula resulting from
spontaneous pneumothorax and lung carcinoma. Of these, 275 patients
with recurrence of primary spontaneous pneumothorax (PSP), recurrence
of secondary spontaneous pneumothorax (SSP), or first treatment SSP
were targeted. Only the patients with recurrence of PSP after surgery at
our hospital were included in this study.
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PG was performed in 127 patients with air leak that persisted during
exhalation; 148 patients in whom the air leak was very small and barely
detectable or that disappeared were excluded. In addition, 35 patients
with complications of postoperative air leakage persisting for >7 days
were included. All patients provided consent (Figure 1). The 127 patients
included 18 with recurrence of PSP, 10 with recurrence of SSP, and 99
with SSP. The causes of recurrence of SSP were Birt-Hogg-Dubé
syndrome (BHDS) in 1 patient, lymphangioleiomyomatosis (LAM) in 2
patients, and thoracic endometriotic pneumothorax (TEP) in 7 cases. The
causes of SSP were chronic obstructive pulmonary disease (COPD) in 53
patients, interstitial pneumonia in 32 cases, lung cancer in 4 patients,
bronchiolitis obliterans in 1 patient, Ehlers—Danlos syndrome in 1 patient,
and inflammatory lung diseases, such as nontuberculous mycobacteria, in 8
patients. The patients with LAM, BHDS, and TEP did not undergo PG
before the first surgery. Thirty-five patients had postoperative pleural fistula
complications, of whom 23 had recurrence of PSP and 12 had SSP. Of the
12 patients with SSP, 6 patients had LAM, 3 patients had BHDS, and 1
patient each had TEP, pulmonary carcinoma with COPD, and pneumonia
due to mitochondrial cardiomyopathy.

Table 1 presents the characteristics of 162 patients who underwent PG.
The median age of these patients was 57 years (range, 13-90 years). One
hundred twenty-six patients (78 %) were men, 87 were affected on the right
side, and 82 had an Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0, 37 had PS1, 25 had PS2, 12 had PS3, and 6 had
PS4.% Sixty-eight patients underwent blood tests, including blood urea
nitrogen (BUN) and creatinine (Cr), within 30 days of undergoing PG.

PG Technique

The PG procedure is as follows (Figure 2). The patient was placed on the
radiography table in the supine position. The patient was instructed on
desirable conduct during the examination and practiced adopting the
posture on the table beforehand. The drainage tube was opened and
exposed to the atmosphere, which caused the lung to collapse, and we
tested for the presence of adhesions and the degree of lung collapse. At
the same time, we tested for the presence of dyspnea and monitored the
SpO, levels and respiratory rate. Subsequently, 20 to 40 mL of contrast
agent (iopamidol; Iopamiron, Bayer HealthCare, Osaka, Japan) was
injected via the chest drainage tube. The thoracic drainage tube required
a suction of —20 cm H,O during the procedure and had to be elevated to
prevent the injected contrast agent from flowing out. The patients were
then shifted to a head-down position so that the apex of the lung could
be observed and the right and left anterior oblique views were examined.
The radiographic table was returned to a flat position, and the middle of
the lung was observed. Then the bottom section of the lung was observed
with the patient in the head-up position. If leakage was not detected, the
patient adopted a prone position, and the whole lung was observed in
the head-down, flat, and head-down positions in a similar manner. When
the injected contrast medium reached the leakage point, “bubbling” was
observed directly (Video 1; Figure 3). When air leakage was detected,
the patient’s posture and the incline of the radiography table were recorded.
The examination took approximately 30 minutes. If the procedure time is
extended beyond this, the contrast medium will get diluted, making
observation difficult.

Evaluation of Adverse Events

Adverse events were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, version 4.0.° The
toxicities were designated as definitely, probably, possibly, unlikely, or
not related to PG. Adverse events unrelated to or unlikely related to PG
were not reported. Adverse events were investigated 30 days after the PG
procedure. If a patient underwent surgery or any other treatment within
this 30-day period, adverse events were investigated only until the next
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1210 cases PSP SSP Lung carcinoma

275 cases

* SSP 210

e recurrence of PSP 33
e recurrence of SSP 32
(LAM 15, BHDS 9, TEPS8)

(COPD 122, IP 67, Others 21)

Y

148 Cases : Air leaks(Als) were
very small or disappeared

35 cases
Postoperative pleural Fistulas
as complications
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K \
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Others(Pleurodesis) 4

Observation 12
Others(Pleurodesis) 5

127 cases
Als persist during exhalation
* Recurrence of PSP 18

* Recurrence of SSP 10
(BHD 1, LAM 2, TEP 7)

* SSP 99

(COPD 53, IP 32, Others 14)

$

PG ——> Unknown 10
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Surgery 46
Observation 17
Others(Pleurodesis) 34

Als(-) 20

Surgery 11
Observation 7
Others(Pleurodesis) 2

FIGURE 1. Target of 162 patients. SSP of LAM, BHDS, and TEP were included only in recurrent cases. PSP, Primary spontaneous pneumothorax; SSP,
secondary spontaneous pneumothorax; LAM, lymphangioleiomyomatosis; BHDS, Birt—-Hogg—Dubé syndrome; TEP, thoracic endometoriotic pneumo-

thorax; COPD, chronic obstructive pulmonary disease; /P, interstitial pneumonia.; PG, pleurography.

treatment was provided. In patients who underwent blood testing, levels of
BUN, Cr, and eGFR were assessed before and after PG, and the values were
compared.

Statistics

Statistical analyses were performed using Microsoft 365 Excel for
Windows 10 (Microsoft, Redmond, Wash). Data are expressed as mean
or average and standard error.

RESULTS

Out of 162 cases, 11 patients had no clear medical
records regarding the presence or absence of air leaks.
The air leak points could be detected in 119 to 130 patients
(73% to 80%). Leak points were observed in the apex of the
lung in 65 patients (40%), in the basal segment in 13
patients (8%), and in the middle lobe or lingular segment
in 9 patients (5.6%). Furthermore, there were 8 patients
(4.9%) with hilar lesions; 12 (7.4%) with S6 lesions;

TABLE 1. Characteristics of 162 patients who underwent

pleurography
Characteristic Value
Age y, median (range) 57 (13-90)
Male sex, n (%) 126 (78)
Female sex, n (%) 36 (22)
ECOG PS, n (%)
0 82 (51)
1 37 (23)
2 25 (15)
3 12 (7.4)
4 6 (3.7)
Right, n (%) 87 (54)
Left, n (%) 74 (46)
Bilateral, n (%) 1(0.62)

ECOG, Eastern Cooperative Oncology Group; PS, performance status.
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FIGURE 2. Pleurography technique. (1) The drainage tube was opened, which caused the lung to collapse. We verified the presence of adhesions and the
degree of collapse of the lung. Subsequently, 20 to 40 mL of contrast agent (iopamidol) was injected via the chest drainage tube. (2) The patient was placed in
a head-down position so that the apex of the lung could be observed. The drainage tube had to be elevated to prevent the injected contrast agent from flowing
out. (3) The radiography table was returned to a flat position, and the middle of the lung was observed. (4) We then observed the bottom of the lung in the

head-up position, with the patient rolled in different directions and positions.

8 (4.9%) with S1+2, S2, or S3 lesions; and 4 (2.5%) with
upper mediastinal lesions. Air leakage was detected in 68
patients in the supine position, in 38 patients in the prone
position, and in 13 patients in the lateral position. Compli-
cations were investigated in 162 patients and seen in 10 pa-
tients (6.2%) within 30 days, with 8 grade 2 cases involving
fever, 1 grade 3 case involving infection, and 1 grade 1 case
with abdominal distention. The patient with grade 3 infec-
tion was diagnosed with empyema at 7 days after the PG,
necessitating treatment (Table 2). One patient died on day
30 after PG; however, this patient was diagnosed with ter-
minal COPD, which was judged to be unrelated to the
PG. Sixty-eight patients underwent blood tests after
PG. The mean BUN, Cr, and eGFR levels were
14 £ 0.65 mg/dL, 0.73 £+ 0.028 mg/dL, and 94 £+ 5.1 mL/
min, respectively, before PG and 13 + 0.59 mg/dL,
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0.71 £ 0.026 mg/dL, and 94 + 4.5 mL/min after PG. There-
fore, there was no significant difference when Welch’s  test
was applied (Table 3). Of the 119 patients with detected air
leak points, 51 underwent surgery, 29 were placed under
observation, and 39 underwent another treatment, such as
pleurodesis. Of these, the average operating time for the
51 surgical cases was 93 £ 8.0 minutes (range, 20-287
minutes). Of the 32 patients without detected air leak, 11
underwent surgery, 15 were under observation, and 6 under-
went other treatments. The average operating time for the
11 surgical patients was 82 &+ 12 minutes (range, 46-
168 minutes).

DISCUSSION
The present case series study demonstrates the safety of
PG for identifying air leak points in patients with pleural



Watanabe et al

Thoracic: Lung Cancer

VIDEO 1. Case 1. A 71-year-old man with a postoperative air leak in
secondary spontaneous pneumothorax due to chronic obstructive
pulmonary disease (COPD). Between 20 and 40 mL of contrast agent
(iopamidol) is injected via the chest drainage tube. The patient is
repositioned several times. The contrast medium is carried to the apex of
the lungs because there are adhesions in the chest cavity. An air leak point
is observed at the apex of the lung. Case 2. A 71-year-old man presented
with secondary spontaneous pneumothorax due to COPD. The drainage
tube is opened and exposed to the atmosphere, which causes the lung to
collapse, and we test for the presence of adhesions and the degree of
collapse of the lung. Mild lung collapse is observed. Subsequently, 20 to
40 mL of contrast agent (iopamidol) is injected via the chest drainage
tube. The patient is then moved to a head-down position so that the apex
of the lung can be observed. In addition, we can observe adhesion at the
apex of the lung. Several bullae are observed at the apex of the lung. The
radiography table is returned to a flat position, and we can observe the
middle of the lung. Next, we observe the bottom of the lung in the
head-up position. If the air leak point is centrally located in the thoracic
cavity, it might not be possible to reach the leak point with 40 mL of the
contrast medium. The contrast medium is applied to the surface of the lungs
by changing the position, and the search is performed. It is difficult to
recognize an air leak near the adhesion of the lung apex. Air leaks and
adhesions were also observed in the same area during surgery. Video avai-
lable at: https://www.jtcvs.org/article/S2666-2507(21)00261-3/fulltext.

fistulas. No contrast medium has been approved for use in
the pleural cavity. Hitomi and colleagues' have reported
that iodine-based intravenous contrast agents that are in-
jected into the pleural cavity are absorbed in the pleura
and discharged from the body in the urine by 24 hours after
PG.' The contrast agent dosage was 20 to 40 mL, which is
small compared to the dosages used in contrast-enhanced
CT. However, careful consideration is required when using
these agents in patients with decreased renal function,
because they may cause nephropathy. An extensive pro-
spective study is required to obtain additional indications
for intravenous contrast medium. In the present study, no
patient showed a drop in renal function after PG. In a previ-
ous study, adverse reactions to nonionic iodinated contrast
media for enhanced CT were reported as follows: any
adverse reactions, 4.3%; itching, 1.1%; sneezing, 1%:;
rashes, 0.3%; and nausea or vomiting, 1.6% 2 In the present
study, adverse events due to PG occurred in 6.2% of pa-
tients, with fever the most common adverse reaction. There

4 Pleuralfistula

FIGURE 3. Image under fluoroscopy. The drainage tube was opened and
exposed to the atmosphere, which caused the lung to collapse. We tested for
the presence of adhesions and degree of lung collapse. Subsequently, 20 to
40 mL of contrast agent (iopamidol) was injected via the chest drainage
tube, and the patient was repositioned to observe the pleural cavity. The
air leak point is observed in the apex of the lung as air bubbles (arrow).
Pleurography shows the location of air leakage in the lungs and the area
of adhesions.

were no cases of nausea, vomiting, rash, or itching, suggest-
ing that no patient had an iodine allergy.

Performing PG in patients involving PS4 with respiratory
failure or body paralysis is difficult given the patients’
inability to adopt or maintain the prone position. Because
the head-down and prone positions cause discomfort, fewer
observations have been described in the prone position
compared with the other positions.

There was no significant difference in operating time be-
tween the patients in whom air leak was detected by PG and
those in whom air leak was not detected (P = .28, Welch’s
t test). This was not compared with that in the patients who
did not undergo PG. Detecting air leak did not reduce the
surgical time; however, the case with the shortest operating
time was a case in which the air leak point was detected. It
was possible to complete the surgery in a 71-year-old

TABLE 2. Adverse events within 30 days after pleurography

Complications of pleurography Grade Patients, n (%)
Fever Grade 2 8 (5.0)
Infection Grade 3 1 (0.6)
Abdominal distention Grade 1 1 (0.6)

JTCVS Techniques * Volume 7, Number C 289
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TABLE 3. BUN, Cr, and eGFR before and after pleurography

Variable Before, mean + SE  After, mean + SE P value*
BUN, mg/dL 14 £ 0.65 13 £0.59 31
Cr, mg/dL 0.73 £ 0.028 0.71 £ 0.026 .62
eGFR, mL/min 94 +5.1 94 + 4.5 .92

SE, Standard error; BUN, blood urea nitrogen; Cr, creatinine; eGFR, estimated
glomerular filtration rate. *Applying Welch’s ¢ test.

woman with SSP due to COPD in 20 minutes under local
anesthesia via one incision at the appropriate location.

Operating time depends on several factors, such as the
existence of severe adhesion, distribution of bullae, and
fragility of the lungs. Therefore, a simple comparison
may be meaningless or difficult to understand. Operating
time was related primarily to the presence or absence of ad-
hesions and did not seem to be affected by the preoperative
detection of the air leak. Adhesions can be evaluated by
collapsing the lungs using PG. Accurate records of adhe-
sions in the PG were not available in this retrospective
study, and no data were provided.

In the event of spontaneous pneumothorax, if the
patient’s lung is in a collapsed state before drainage, the
degree of adhesion can be evaluated by plain chest radiog-
raphy or CT; however, in postoperative recurrent cases and
complications of pleural fistula, it is difficult to evaluate the
cause of the adhesion on CT alone. We investigated the

findings of intraoperative adhesions in 62 of 162 patients.
There were 51 cases of adhesions. The first port is usually
placed on the fifth intercostal midaxillary line, but there
were 12 cases (19%) in which the first port was moved to
another location because adhesions were found in the
thoracic cavity of the fifth intercostal midaxillary area via
PG. We speculate that there is scope for further evaluation
by PG before surgery.

In some cases of emphysema, collapsing the lung is diffi-
cult during surgery, and PG can be used to preoperatively
evaluate whether collapse will be difficult. Thoracoscopic
surgery is difficult to perform unless the lungs are collapsed,
as otherwise a wide surgical field cannot be maintained.
When surgery under local anesthesia is indicated, such as
in awake video-assisted thorascopic surgery,'’ PG should
be performed before surgery, because performing the leak
test is difficult during thoracoscopic surgery under local
anesthesia'’ (Figure 4).

CONCLUSIONS

In conclusion, the prevalence of grade >3 or higher
adverse events associated with PG is 0.6%, which is consid-
ered acceptable. Leak points were detected in 73% of cases
by PG. It may be useful as a preoperative examination for
awake video-assisted thorascopic surgery, which is difficult
to leak test during surgery. By assessing adhesions with PG,

Pleurography(PG) for pleural fistulas: a case series

Methods
20-40 mL of contrast agent(lopamidol) is injected

Purpose: Reveal safety of PG
Consideration of usefulness

via the drainage tube, and the patient was

repositioned to observe pleural cavity
TG can be done at low cost by fluoroscopy.

Patients: 127 cases Recurrence of PSP, Recurrence of SSP, SSP

35 cases Complications of postoperative pleural fistulas

-

Results:
Grade 3 or higher adverse events of PG is 0.6%.
Prevalence of detecting air leak points of PG was 73%.
Adhesions can be evaluated by PG.

* PG may be useful as a preoperative examination
for awake VATS, which is difficult to leak test
during surgery.

* By assessing adhesions with PG, 19% of cases
could be changed to the first port safe position
avoiding the adhesions.

* PG is a safe examination method for pleural
fistulas, and its usefulness should be reassessed.

PG: pleurography, PSP: primary spontaneous pneumothorax,
SSP: secondary spontaneous pneumothorax

FIGURE 4. Pleurography (PG) can be easily performed with fluoroscopy in any facility. We performed PG in 162 cases; the rate of adverse events of grade
>3 was 0.6%. Air leak was detected by PG in 73% of cases. PG may be useful as a preoperative examination for awake video-assisted thorascopic surgery,
which is difficult to leak test during surgery. By assessing adhesions with PG, 19% of cases could be changed to the first port safe position, avoiding the
adhesions. PG may provide useful information for surgical management.

290 JTCVS Techniques ¢ June 2021



Watanabe et al

Thoracic: Lung Cancer

19% of cases could be changed to the first port safe
position, thereby avoiding the adhesions. Although more
prospective research is needed, PG may provide useful
information for surgical management. Therefore, we
believe that PG should be reconsidered as a useful option
for examination.
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