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Abstract

Introduction

Albeit uncommon, hydrothorax is an important complication of peritoneal dialysis (PD). Due
to paucity of evidence for optimal treatment, this study aimed to evaluate the effectiveness
and safety of computed tomographic (CT) peritoneography and surgical intervention involv-
ing video-assisted thoracic surgery (VATS) for hydrothorax in a retrospective cohort of
patients who underwent PD in Japan.

Methods

Of the 982 patients who underwent PD from six centers in Japan between 2007 and 2019, 25
(2.5%) with diagnosed hydrothorax were enrolled in this study. PD withdrawal rates were
compared between patients who underwent VATS for diaphragm repair (surgical group) and
those who did not (non-surgical group) using the Kaplan-Meier method and log-rank test.

Results

The surgical and non-surgical groups comprised a total of 11 (44%) and 14 (56%) patients,
respectively. Following hydrothorax diagnosis by thoracentesis and detection of penetrated
sites on the diaphragm using CT peritoneography, VATS was performed at a median time of
31 days (interquartile range [IQR], 20-96 days). During follow-up (median, 26 months; IQR,
10-51 months), 9 (64.3%) and 2 (18.2%) patients in the non-surgical and surgical groups,
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respectively, withdrew from PD (P = 0.021). There were no surgery-related complications or
hydrothorax relapse in the surgical group.

Conclusions

This study demonstrated the effectiveness and safety of CT peritoneography and VATS for
hydrothorax. This approach may be useful in hydrothorax cases to avoid early drop out of
PD and continue PD in the long term. Further studies are warranted to confirm these results.

Introduction

Albeit uncommon, hydrothorax is an important complication in patients on peritoneal dialysis
(PD), because it is one of the causes of patients dropping out of PD early [1-5]. Hydrothorax
results from the migration of dialysate from the peritoneal cavity into the pleural space
through pleuroperitoneal leakage [1, 2]. Previous studies [1-7] have reported treatment strate-
gies for hydrothorax, including conservative and surgical approaches; nonetheless, the optimal
treatment method has not been fully established.

Following a diagnosis of hydrothorax in patients, physicians primarily select the conserva-
tive approach as the first step—namely, PD interruption, peritoneal dialysate volume reduc-
tion, or shortening the dwell period or avoiding an overnight dwell, making it possible to
continue PD. However, the cure rate is, at best, 50% with conservative therapy, ultimately lead-
ing to the requirement of a permanent transfer to hemodialysis (HD) [1-7]. Based on these
studies, some recent case reports have indicated the effectiveness of a surgical approach involv-
ing video-assisted thoracoscopic surgery (VATS) for cases refractory to conservative treat-
ment, resulting in higher success rates [8—14]. However, little is known about the standardized
optimal method for surgical intervention. Furthermore, no previous study has evaluated the
impact of surgical intervention on continuing PD, compared to conservative methods longitu-
dinally. Hence, this study aimed to assess the effectiveness and safety of a surgical method
involving VATS for hydrothorax in combination with a diagnostic tool to detect the pene-
trated sites on the diaphragm using CT peritoneography and compare it with a non-surgical
approach in a large multicenter retrospective PD cohort in Japan.

Materials and methods
Statement of ethics

The study protocol and consent procedure were approved by the ethics committees of Aichi
Medical University, Nagoya University, Fujita Health University, Kariya General Hospital,
Narita Memorial Hospital, and Anjo Kosei Hospital (approval number: 2019-144). The
requirement for the acquisition of informed consent from patients was waived owing to the
retrospective nature of this study.

Study population and data source

We conducted a retrospective cohort study that included a total of 982 adult patients aged >20
years who underwent PD as renal replacement therapy between January 2007 and December
2019 at the following six nephrology centers in Japan: Aichi Medical University, Nagoya Uni-
versity, Fujita Health University, Kariya General Hospital, Narita Memorial Hospital, and
Anjo Kosei Hospital. Of the total patients, 27 (2.7%) developed hydrothorax during the obser-
vation period. Of these 27 patients with hydrothorax, we excluded two patients who withdrew
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from PD at the time of hydrothorax diagnosis: one developed severe bleeding when thoracent-
esis was performed for diagnosis, and the other underwent a hybrid of HD and PD at the time
of hydrothorax diagnosis and was immediately transferred to HD only. Finally, a total of 25
patients were included in the present study and were categorized into two groups, namely, the
surgical group, which comprised 11 (44%) patients who were treated using the surgical
approach involving VATS, and the non-surgical group, which comprised 14 (56%) patients
who did not undergo surgical intervention. Two treatment methods were chosen as per rou-
tine clinical care, depending on the physician’s discretion (shown in Fig 1).

All data were fully anonymized (S1 Table).

Data collection

We collected data on baseline characteristics at the time of hydrothorax diagnosis, including
age, sex, cause of kidney disease (diabetic nephropathy, glomerulonephritis, renal sclerosis,
polycystic kidney disease, or others), penetrated site (right or left), number of penetrated sites
in the diaphragm on computed tomographic (CT) peritoneography, onset time after PD initia-
tion, cause of PD withdrawal (hydrothorax, peritonitis, ultrafiltration failure, impairment in
activities of daily living [ADL], or others), clinical symptoms, the weekly Kt/V (kidney and
peritoneal) and, in the surgical group, time from the diagnosis of hydrothorax to operation

982 patients start peritoneal dialysis

27 patients develop hydrothorax

2 patients are excluded due to immediate transfer to hemodialysis
at the time of hydrothorax diagnosis

Non-surgical group
(n=14)

Surgical group
(n=11)

Fig 1. Flow diagram of patient selection.

https://doi.org/10.1371/journal.pone.0238602.9001
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(days). Furthermore, we compared the change in urine output (mL/day) before and after intra-
peritoneal contrast media injection when performing CT peritoneography and focused on PD
duration until withdrawal. PD withdrawal was defined as transferring to HD. Patients were
followed up until PD withdrawal or other censoring events, including death, or until the end
of follow-up for the present study, whichever occurred first. Patients and their caregivers
underwent a standard training program after catheterization.

Diagnostic and treatment approach

As the first step, we evaluated pleural effusion by thoracentesis with pleural fluid analysis (a
higher glucose concentration in the pleural fluid than in the plasma, as previously reported
[1]) to find the presence of hydrothorax. In the second step, we used CT peritoneography as
the diagnostic modality for detecting the penetrated sites on the diaphragm; in the case of sur-
gical intervention, VATS was performed subsequently.

CT peritoneography evaluation

CT peritoneography was performed using dialysate mixed with iodinated contrast. The dose
of the iodinated contrast used was approximately 1 mL/kg per 30 mL/kg of dialysate, as previ-
ously reported [15]. After 30 minutes in the supine position, CT was performed.

Operation method for video-assisted thoracic surgery

Under general anesthesia, the patient was intubated using a double-lumen endotracheal tube
and was placed in a hemilateral decubitus position. After instilling indigo carmine into the
peritoneal cavity, as previously reported [11, 12], making it possible to identify a visible repair-
able communication, the penetrated sites were closed.

Statistical analysis

Differences in clinical characteristics and outcomes were compared between the surgical and
non-surgical groups using the Wilcoxon rank-sum test or Fisher’s exact test. The Wilcoxon
rank-sum test was performed on the continuous variables to assess the significance of inter-
group differences, while Fisher’s exact test was employed to compare the categorical variables,
which are expressed as percentages. A paired ¢-test was used to compare urine volume before
CT peritoneography and at 1 week after the examination. The cumulative probability of PD
withdrawal was calculated using the Kaplan-Meier method and the log-rank test. All statistical
analyses were performed using JMP version 14.0.0 (SAS Institute, Cary, NC, USA), and the sta-
tistical significance level was set at P <0.05.

Results
Study participants and clinical characteristics of the groups at baseline

The clinical characteristics of the surgical and non-surgical groups are summarized in Table 1.
In both groups, presenting symptoms and signs of pleural effusion included dyspnea and inad-
equate ultrafiltration ability, and most cases presented with right-sided pleural effusion. The
diagnosed timing of hydrothorax after PD initiation was earlier in the surgical group than in
the non-surgical group (median 1.5 months [IQR, 0.5-32.4 months] vs. median 8.6 months
[IQR, 0.9-11.1 months], respectively), although there were no significant differences (P =
0.511). In the surgical group, operations were performed at a median of 31 days (IQR, 20-96
days) following a diagnosis of hydrothorax. The other factors at baseline were not significantly
different between the two groups.
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Table 1. Comparison of clinical characteristics between surgical (n = 11) and non-surgical (n = 14) groups.

Non-surgical group (n = 14) Surgical group (n =11) P-value
Baseline characteristics
Age (year) 63 (59-68) 55 (43-71) 0.207
Male (N (%)) 11 (78.6) 6 (54.6) 0.201
Cause of kidney disease (N (%)) 0.488
Diabetic nephropathy 7 (50.0) 3(27.3)
Glomerulonephritis 1(7.1) 4 (36.4)
Renal sclerosis 1(7.1) 1(9.1)
Polycystic kidney disease 2 (14.3) 2(18.2)
Others 3(21.4) 1(9.1)
Onset time after PD initiation (months) 8.6 (0.9-11.1) 1.5 (0.5-32.4) 0.511
Clinical symptoms (N (%)) 0.610
Dyspnea 9 (64.3) 9 (81.8)
Inadequate ultrafiltration 3(21.4) 1(9.1)
Asymptomatic 2(14.3) 1(9.1)
Right side affected (N (%)) 14 (100) 10 (90.9) 0.250
Number of penetrated sites in the diaphragm on CT peritoneography 1(1-1) 1(1-1) 0.357
Time from the diagnosis of hydrothorax to operation (days) 31 (20-96)
Dose of dialysis
Total Kt/V 1.7 (1.5-2.1) 1.8 (1.5-2.5) 0.597
Kidney Kt/V 1.2 (0.6-1.3) 0.8 (0.6-0.8) 0.113
Peritoneal Kt/V 0.9 (0.5-1.0) 1.2 (0.6-1.9) 0.105
Outcomes
PD withdrawal (N (%)) 9 (64.3) 2(18.2) 0.021*
Cause of PD withdrawal (N (%))
Hydrothorax 8 (88.9) 0(0)
Peritonitis 0(0) 0(0)
Ultrafiltration failure 0 (0) 1 (50.0)
Impairment in ADL 1(11.1) 1 (50.0)
Observation period (months) 5.7 (0.2-43.4) 18.3 (6.7-40.1) 0.228

Continuous data are presented as a median (interquartile range), and categorical data are expressed as a number (proportion).

*P-value <0.05 is considered significant.

Abbreviations: ADL, activities of daily living; eGFR, estimated glomerular filtration rate; PD, peritoneal dialysis; CT, computed tomographic.

https://doi.org/10.1371/journal.pone.0238602.t001

Findings of CT peritoneography

CT peritoneography could reveal the penetrated sites on the diaphragm, and in some cases,
multiple defects on the diaphragm (shown in Figs 2 and 3). All patients who underwent CT
peritoneography did not exhibit any change in urine volume before and at 1 week after the

examination (urine volume before examination: 1200 [IQR, 1200-1350] mL/day; urine vol-
ume after examination: 1300 [IQR, 816-1500] mL/day; P = 0.671) (Table 2), suggesting that
CT peritoneography had no considerable effect on residual kidney function.

Procedure of VATS

During the operation, based on the defective sites on the diaphragm as revealed by CT perito-
neography, we identified a repairable communication site by instilling 20 mg of indigo car-
mine with 2 liters of PD dialysate into the peritoneal cavity (shown in Fig 4A, and S1 Video)
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(A) | (B)

Fig 2. A case of hydrothorax in a peritoneal dialysis patient with a penetrated site. (A) Chest x-ray at the time of hydrothorax diagnosis. (B, C, D)
Penetrated sites on the diaphragm as revealed by CT peritoneography on the transverse, sagittal, and coronal view, respectively (red arrows are penetrated

sites).

https://doi.org/10.1371/journal.pone.0238602.9002

[11, 12]. Subsequently, we inspected the diaphragm using a thoracoscope, and the lesion was
closed by direct suturing using 3-0 absorbable multifilament suture (shown in Fig 4B, 4C and
4D, and S1 Video) or an Endo-GIA surgical stapler (shown in Fig 4E). The central tendon
around the reinforcement was covered with an absorbable polyglycolic acid sheet (Neoveil ®);
Gunze, Osaka, Japan) (shown in Fig 4F and S1 Video).
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Fig 3. A case of hydrothorax in a peritoneal dialysis patient with two possible penetrated sites. (A) Chest x-ray at the time of
hydrothorax diagnosis. (B, C, D) Penetrated sites on the diaphragm as revealed by CT peritoneography on the transverse,
transverse, sagittal, and coronal view, respectively (red and yellow arrows are penetrated sites).

https://doi.org/10.1371/journal.pone.0238602.9003

Outcome data

During follow-up (median, 26 months; IQR, 10-51 months), PD withdrawal occurred in 9
(64.3%) patients in the non-surgical group and 2 (18.2%) in the surgical group (P = 0.021). Of
these 11 patients, 1 (11.1%) in the non-surgical group and 1 (50%) in the surgical group
received a combined PD and HD therapy before permanently transferring to HD. Concerning
the cause of PD withdrawal, 8 (88.9%) patients in the non-surgical group and none (0%) in the
surgical group had hydrothorax, 1 (11.1%) patient in the non-surgical group and none (0%) in
the surgical group experienced an impairment in ADL because of intracerebral bleeding, no
patient had peritonitis in both groups, and in the non-surgical and surgical groups, 0 (0%) and
1 (50%) patient, respectively, had ultrafiltration failure. The cumulative probabilities of PD
withdrawal at 1, 3, and 5 years were 0.43, 0.51, and 0.61, respectively, for the conservative
group, and 0.0, 0.28, and 0.28, respectively, for the surgical group, indicating that the surgical
group had a lower risk of PD withdrawal than the non-surgical group (log-rank test: P = 0.040;
shown in Fig 5).

In the non-surgical group, only one (1.4%) patient in our study was cured spontaneously.

Meanwhile, no major complications were observed in the surgical group, and the cure rate
was 100%. Postoperatively, PD was reinstituted within 1 week without volume restriction of
the PD dialysate, and no relapse occurred. The length of hospitalization due to surgery was a
median of 12 days (IQR, 5-17 days).

Discussion

This retrospective cohort study showed that CT peritoneography and surgical intervention
involving VATS is an effective and safe treatment strategy for hydrothorax. This study has the
following strengths: First, the present study constituted a large PD cohort and had a long
observation period (median, 26 months; IQR, 10-51 months). Second, this is the first study to
precisely compare the clinical impact of surgical intervention for hydrothorax with that of con-
servative treatment.

Concerning the modality for detecting the defective sites on the diaphragm after diagnosis
of hydrothorax by thoracentesis, previous studies have shown that CT peritoneography could
diagnose small leaks, adhesions, loculated fluid collections, intra-abdominal abscesses, and
pseudocysts with high sensitivity, specificity, and convenience [15-17]. In the present study,
we also used CT peritoneography as the diagnostic modality for detecting the penetrated sites
on the diaphragm, following the diagnosis of hydrothorax by thoracentesis. Consequently, we
could detect peritoneal defects in all cases, and some cases of multiple penetrated sites, thereby
providing useful information for the subsequent surgery. Furthermore, although a previous
study has indicated the risk of nephrotoxicity secondary to CT peritoneography [11], no

Table 2. Urine volume before and 1 week after CT peritoneography (n = 25).

Urine volme (ml/day)

Before CT peritoneography After CT peritoneography P-value
1200 (1200-1350) 1300 (816-1500) 0.671

Continuous data are presented as medians (interquartile range).

Abbreviations: CT, computed tomographic.

https://doi.org/10.1371/journal.pone.0238602.t002
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Fig 4. Procedure of VATS. (A) Multiple blebs with blue staining were identified on the diaphragm. Dialysis solution was flowed through a small pore
(arrow). (B-D) Penetrated sites on the diaphragm (arrow) were closed by direct suturing. (E) Penetrated sites on the diaphragm were closed by surgical
stapler. (F) The absorbable polyglycolic acid sheet covering to reinforce the diaphragm.

https://doi.org/10.1371/journal.pone.0238602.9004

considerable effect on residual kidney function was detected after CT peritoneography in the
present study, such as reported in a rat model [18]. These results suggest that CT peritoneogra-
phy is useful for early and accurate diagnosis of the site of pleural leakage lesion on the
diaphragm.

As for the therapeutic intervention, both, non-surgical and surgical methods have been
reported. As the first-line approach, conservative methods have usually been chosen, that
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PD withdrawal

P=0.041

Number at risk
Non-surgical 14 10 7
Surgical 11 11 9

Fig 5. Cumulative probability of withdrawal from peritoneal dialysis.

https://doi.org/10.1371/journal.pone.0238602.g005
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include peritoneal dialysate volume reduction, shortening the dwell period or avoiding an
overnight dwell, or temporary cessation of continuous ambulatory PD. Previous studies have
reported that some pleuroperitoneal leaks resolve spontaneously [1-6] by the following pre-
sumed mechanism: PD dialysate itself may act as a sclerosant by promoting “sealing” of the
epithelial layers, in addition to reducing the pressure gradient between the pleural and perito-
neal cavity. However, similar to the present study, only the above conservative approach could

not avoid early drop out from PD [1-4].
Concerning other non-surgical treatment methods, chemical pleurodesis may be offered to
patients with recurrent pleural effusion who are unresponsive to conservative interventions
and need or desire to continue PD. Only a few reports have described the effectiveness of such
treatment, and the cure rate was only 67% [19, 20]; therefore, we did not select it for the pres-

ent cohort.

Concerning the surgical intervention, several case reports have indicated that VATS could
be a useful approach to more precisely observe the thoracic cavity [8-14]. However, no stan-
dardized method has been established.
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In the present study, after detecting the penetrated sites on the diaphragm by CT peritoneo-
graphy, during operation, instilling indigo carmine in the peritoneal dialysate could help detect
the fragile site of the diaphragm visually, leading to the closure of the site by direct suturing or
surgical stapler and covering PGA sheet easily. By these surgical interventions in the early
phase after diagnosis of hydrothorax, no major complication and no pleural effusion relapse
were observed, and a sufficient amount of volume exchange in PD could be obtained early
after operation. Therefore, we consider that VATS is indicated for cases in the early phase after
diagnosis of hydrothorax, to avoid early drop out of PD.

Based on the results in the present study, we consider that the following diagnostic and
treatment strategy for hydrothorax might be effective and safe; a first step of diagnosing hydro-
thorax by thoracentesis, a second step of detecting penetrated sites on the diaphragm by per-
forming CT peritoneography, and a final step of complete cure by VATS.

This study had some limitations. First, the retrospective nature of the present study intro-
duced bias in decision-making regarding a surgical or non-surgical approach. Second, the
treatment method of VATS in the present study is not fully standardized worldwide; therefore,
these results should be validated in other large cohort studies.

In conclusion, the present study demonstrated the effectiveness and safety of CT peritoneo-
graphy and surgical intervention by VATS for hydrothorax. This approach may be useful in
the early phase after diagnoses with hydrothorax to continue PD in the long term. Further
studies are warranted to confirm these results.

Supporting information

S1 Table. The anonymous data set of the present study.
(XLSX)

$1 Video. Operation method for hydrothorax.
(MP4)
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