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Abstract

A known complication of peritoneal dialysis is the movement of dialysate into the pleural space,
termed hydrothorax. Peritoneal dialysis-related hydrothorax is almost uniformly right-sided and re-
presents one of many presentations of the porous diaphragm syndrome. In addition to diaphragm
porosity, the inherent intestinal circulation, lower hydrostatic pressure in the right upper quadrant
and liver capsule may contribute to this right-sided predominance. Similar right-sided presentations
have been described in Meigs syndrome, bilious effusions with gastric or duodenal perforations,
hepatic hydrothorax and nephrotic syndrome-related chylothorax. PD-related hydrothorax can be re-
paired by pleurodesis or video-assisted thoracoscopy followed by resumption of peritoneal dialysis.
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Introduction

Hydrothorax is a rare complication of peritoneal dialysis
(PD) with an estimated prevalence of 1-2% [1, 2]. The clin-
ical presentation is typically acute shortness of breath and
the diagnostic chest x-ray reveals a small or massive effu-
sion. The effusion fails to improve or may even worsen
after institution of hypertonic dialysate exchanges. The ef-
fusion may develop shortly after the initiation of PD sug-
gesting a pre-existing diaphragmatic defect or present
months to years after initiation of dialysis, usually after
physical exertion, suggesting an acquired defect in the
diaphragm from a sharp increase in intraabdominal pres-
sure [3, 4]. The diagnosis of a PD-related hydrothorax is
made by thoracentesis revealing a transudative effusion,
with a variable glucose concentration in the pleural fluid
but higher than the serum concentration, as described by
Momenin et al. [5]. In patients treated with icodextrin, the
effusion can be confirmed as dialysate by addition of
iodine which complexes with the starch and results in a
bluish-black discoloration of the fluid [6].

A curious finding in PD-related hydrothorax is the striking
right-sided predominance of this presentation. Why is the
hydrothorax so predominant on the right side? Do other ab-
dominal presentations show this right-side predominance—
indicating a wider spectrum of related clinical entities?
These questions will be addressed in this review.

Propensity for right-sided hydrothorax
in peritoneal dialysis

Indeed, PD-related hydrothorax has a striking right-sided
predominance. In this author’s opinion, after reviewing

published cases, over 90% of presentations were right-
sided. In a review of 50 PD patients presenting with hydro-
thorax, Nomoto and colleagues noted that 88% were right
sided [7]. Mak and colleagues described eight patients
who presented with PD-related hydrothorax, all right-
sided [8]. Similarly, Tang and colleagues described nine PD
patients presenting with hydrothorax between 1998 and
2002. Eight of the nine presented with right-sided hydro-
thorax [9]. Additional case reports and case series show
the most frequent presentation to be on the right side
[4,6,10-18].

Anatomy of the normal diaphragm

The normal diaphragm functions as a septum separating
the abdominal and pleural cavities. The anatomic compo-
nents of the diaphragm are a central tendon with radiat-
ing muscle fibers that cascade from the central tendon to
attach to the ribs, the sternum and lumbar spine. By con-
traction of the muscle fibers the diaphragm allows for ex-
pansion of the chest cavity allowing for inspiration and
muscular contraction around the gastroesophageal junc-
tion to prevent reflux [19].

The diaphragm is covered by pleura on the superior
surface and peritoneum on the inferior surface. Phrenic ar-
teries arising chiefly from the aorta provide the blood supply
to the diaphragm and enter from the inferior surface. The
diaphragm is innervated chiefly by the left and right phrenic
nerves arising from the third to fifth cervical roots [19].

The normal diaphragm has larger openings that allow
critical structures to transit through the septum—the aortic
hiatus, esophageal hiatus and inferior vena cava. Smaller
openings allow for passage of the nerves and veins. These
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Right-sided hydrothorax during peritoneal dialysis

openings are created by the arrangement of muscle fibers
into bands allowing for special openings in the diaphragm.
While diaphragmatic openings are present, in the normal
diaphragm, none of these anatomic structures allow for
transit of intraperitoneal dialysate into the pleural cavity,
presumably due to the interface of muscle fibers and pro-
jections of serous membranes and connective tissue.

Porosity of the diaphragm

Dr Paul Kirschner eloquently described the anatomic
defects that allow for passage of fluids, cells, tissue and
gases through holes in the diaphragm [20]. He termed
these medical presentations as ‘porous diaphragm syn-
dromes’. While larger diaphragmatic hernias can exist due
to failure to form the normal diaphragm during develop-
ment of the embryo, these defects are more obvious in their
clinical presentation (Bochdalek hernia, Morgagni hernia).
More insidious are the smaller defects that may present as
pinhole defects, slits or webs of a centimeter or more in
size. Of all potential anatomic locations within the dia-
phragm these smaller defects have been identified as
occurring within the tendinous portion of the central dia-
phragm and to be more common in the right hemidiaph-
ragm [20]. The defects may be congenital or acquired due
to intraperitoneal pressure spikes or tissue necrosis.

Intestinal circulation and piston action of the liver

The right-sided predominance of porous diaphragm syn-
dromes may not be due to increased numbers of dia-
phragmatic defects on the right portion of the central
tendon, in isolation, but exacerbated also by the move-
ment of substances from the pelvis to the right upper
quadrant during intestinal peristalsis. The ascending peri-
stalsis of the right colon, followed by movement laterally
and downward by the transverse and descending colon
create an ‘intestinal circulation’ that sweeps pelvic fluids
or substances up into the right upper quadrant. Addition-
ally, hydrostatic pressure is highest in the pelvis and
lowest in the suprahepatic region during inspiration, pre-
sumably due to the outward movement of the ribs which
enlarges the space in the right upper quadrant [21]. This
circulation and collection of fluid in the right upper
abdomen was confirmed by peritoneography and occurs
in patients that are lying as well as standing [22]. As the
right diaphragm contracts it is met by the relatively firm
liver capsule which acts as a piston, driving fluid thru the
porous defects on the right diaphragm. The left upper
quadrant is believed to be more soft and compliant and
does not create this piston-like force [20]. As concluded by
Kirschner, this combination of tendinous defects on the
right, the intestinal circulation drawing fluid or substances
into the right upper abdomen and piston-like action of the
liver capsule explain the right-sided predominance to
these syndromes (Table 1).

Select porous diaphragm syndromes

An astonishing variety of right-sided porous diaphragm
syndromes exist in clinical medicine, impacting many
medical specialties (Table 2).

Bilious right-sided effusions have been described in
duodenal ulcer and gastric perforations [23, 24]. Portal
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Table 1. Pathophysiology of right-sided PD-related hydrothorax

1. Abdominal cavity containing dialysate

2. Congenital or acquired porous diaphragm

3. Intestinal circulation sweeps fluid preferentially to abdominal right
upper quadrant

4. Reduced hydrostatic pressure in abdominal right upper quadrant
collects dialysate

5. Piston-like motion of liver capsule shunts fluid across diaphragmatic vent

Table 2. Abdominal presentations with concurrent right-sided pleural
effusions

1. Peritoneal dialysis-related hydrothorax

2. Bilious effusion with perforated gastric or duodenal ulcer

3. Hepatic hydrothorax

4. Chylothorax secondary to nephrotic syndrome or lymphoma

5. Benign ovarian adenoma with pleural effusion (Meigs syndrome)

6. Pseudo-Meigs syndrome

7. Hemothorax due to pleural endometriosis with/without right catamenial
pneumothorax

hypertension from liver cirrhosis can present with ascites
and pleural effusion, typically right-sided, and has been
termed ‘hepatic hydrothorax’ [25-27]. Right-sided chylothor-
ax has been described in situations of abdominal chyle such
as abdominal lymphoma and nephrotic syndrome [28, 29].

Many fascinating porous diaphragm syndromes are
gynecological presentations. Meigs syndrome is charac-
terized by a benign ovarian fibroma presenting with
ascites, and right-sided effusions [30]. Pseudo-Meigs syn-
drome is the presentation of a right-sided effusion asso-
ciated with other non-fibromatous lesions such as uterine
leiomyomas [31]. Recurrent right-sided hemothorax and
pneumothorax (catamenial pneumothorax) are due to mi-
gration of endometrial tissue up the fallopian tubes into
the abdominal cavity across the porous diaphragm into
the pleural cavity where it implants and erodes into lung
tissue [32, 33]. A similar pathway has been attributed to
the findings of hemothorax with ectopic pregnancies.

Discussion

In patients presenting with PD-related hydrothorax,
it should be appreciated that this presentation is part of
a larger group of syndromes that share a common
pathophysiology—the preferential development of dia-
phragmatic defects on the right side. While PD-related
hydrothorax has been rarely described on the left side,
practitioners should be especially vigilant to rule out other
causes of effusions in left-sided presentations, such as
those secondary to pancreatitis, congestive heart failure
or infection. PD-related hydrothorax has been managed
by minimally invasive techniques such as pleurodesis or
more invasive approaches using video-assisted thoraco-
scopic surgery (VATS) [1, 2, 4]. The treatment goal is to seal
the porous diaphragmatic vent to allow full separation of
the peritoneal cavity from the pleural cavity. Successful re-
sumption of PD after this repair is possible.

Conclusions

PD-related hydrothorax is among a spectrum of porous
diaphragm syndromes, the hallmark of which is the clinic-
al presentation of a right-sided pleural effusion.

Conflict of interest statement. Dr Guest is an employee of Baxter
Healthcare Corporation, Deerfield, IL, USA.



214

References

1.

10.

11.

12.

13.

14.

15.

Szeto CC, Chow KM. Pathogenesis and management of hydro-
thorax complicating peritoneal dialysis. Curr Opin Pulm Med
2004; 10:315-319

. Chow KM, Szeto CC, Li PKT. Management options for hydro-

thorax complicating peritoneal dialysis. Semin Dial 2003; 16:
389-394

. Hashimoto M, Watanabe A, Hashiguchi H et al. Right

hydrothorax found soon after introduction of continuous am-
bulatory peritoneal dialysis: thoracoscopic surgery for pleuro-
peritoneal communication. Gen Thorac Cardiovasc Surg 2011;
59:499-502

. Lew SQ. Hydrothorax: pleural effusion associated with peri-

toneal dialysis. Perit Dial Int 2010; 30: 13-18

. Momenin N, Colletti PM, Kaptein EM. Low pleural fluid-to-

serum glucose gradient indicates pleuroperitoneal communi-
cation in peritoneal dialysis patients: presentation of two
cases and review of the literature. Nephrol Dial Transplant
2012;27:1212-1219

. Camilleri B, Glancey G, Pledger D et al. The icodextrin black

line sign to confirm a pleural leak in a patient on peritoneal
dialysis. Perit Dial Int 2004; 24: 197

. Nomoto Y, Suga T, Nakajima K et al. Acute hydrothorax in con-

tinuous ambulatory peritoneal dialysis—a collaborative study
of 161 centers. Am J Nephrol 1989; 9: 363-367

. Mak SK, Nyunt K, Wong PN. Long-term follow-up of thoraco-

scopic pleurodesis for hydrothorax complicating peritoneal
dialysis. Ann Thorac Surg 2002; 74: 218-221

. Tang S, Chui WH, Tang AW et al. Video-assisted thoracoscopic

talc pleurodesis is effective for maintenance of peritoneal
dialysis in acute hydrothorax complicating peritoneal dialysis.
Nephrol Dial Transplant 2003; 18: 804-808

Lang CL, Kao TW, Lee CM et al. Video-assisted thoracoscopic
surgery in continuous ambulatory dialysis-related hydro-
thorax. Kidney Int 2008; 74: 136

Kennedy C, McCarthy C, Alken S et al. Pleuroperitoneal leak
complicating peritoneal dialysis: a case series. Int J Nephrol
2011;2011:1D526753

Saito M, Nakagawa T, Tokunaga Y et al. Thoracoscopic surgical
treatment for pleuroperitoneal communication. Interact Car-
diovasc Thorac Surg 2012; 15: 788-789

Kumagai H, Watari M, Kuratsune M. Simple surgical treatment
for pleuroperitoneal communication without interruption of
continuous ambulatory peritoneal dialysis. Gen Thorac Cardio-
vasc Surg 2007; 55: 508-511

Herbrig K, Reimann D, Kittner T et al. Dry cough in a CAPD
patient. Nephrol Dial Transplant 2003; 18: 1027-1029

Wang HB, Kao CC, Hsu KF et al. Diaphragmatic bleb complicat-
ing hydrothorax in peritoneal dialysis. Intern Med 2009; 48:
1333-1334

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

S. Guest

Grefberg N, Danielson BG, Benson L et al. Right-sided hydro-
thorax complicating peritoneal dialysis. Report of 2 cases.
Nephron 1983; 34: 130-134

Jagasia MH, Cole FH, Stegman MH et al. Video-assisted talc
pleurodesis in the management of pleural effusion secondary
to continuous ambulatory peritoneal dialysis: a report of
three cases. Am J Kidney Dis 1996; 28: 772-774

Puri V, Orellana FA, Singer GG et al. Diaphragmatic defect
complicating peritoneal dialysis. Ann Thorac Surg 2011; 92:
1527

Downey R. Anatomy of the normal diaphragm. Thorac Surg
Clin 2011; 21: 273-279

Kirschner PA. Porous diaphragm syndromes. Chest Surg Clin N
Am 1998; 8: 449-472

Overholt RH. Intraperitoneal pressure. Arch Surg 1931; 22:
691-703

Meyers MA. The spread and localization of acute intraperito-
neal effusions. Radiology 1970; 95: 547-554

Bradley JW, Feilding LP. Hydropneumothorax complicating
perforated peptic ulcer. Br J Surg 1972; 59: 72-73

Nayak IN, Lawrence D. Tension pneumothorax from a perfo-
rated gastric ulcer. Br J Surg 1976; 63: 245-247

Badillo R, Rockey DC. Hepatic hydrothorax: clinical features,
management, and outcomes in 77 patients and review of the
literature. Medicine (Baltimore) 2014; 93: 135-142

Singh A, Bajwa A, Shujaat A. Evidence-based review of the
management of hepatic hydrothorax. Respiration 2013; 86:
155-173

Gaduputi V, Tariq H, Kanneganti K. A fascinating presentation
of hepatic hydrothorax. World J Hepatol 2013; 5: 589-591
Chen YC, Kuo MC, Chen HC et al. Chylous ascites and chy-
lothorax due to the existence of transdiaphragmatic shunting
in an adult with nephrotic syndrome. Nephrol Dial Transplant
2005; 20: 1501-1502

Moss R, Hinds S, Fedullo AJ. Chylothorax: a complication
of the nephrotic syndrome. Am Rev Respir Dis 1989; 140:
1436-1437

Meigs JV. Fibroma of the ovary with ascites and hydrothorax:
a further report. Ann Surg 1039; 110: 731-754

Oguma T, Yamasaki N, Nakanishi K et al. Pseudo-Meigs
syndrome associated with hydropic degenerating uterine
leiomyoma: a case report. J Obstet Gynaecol Res 2014; 40:
1137-1140

Visouli AN, Darwiche K, Mpakas A et al. Catamenial pneumo-
thorax: a rare entity? Report of 5 cases and review of the lit-
erature. J Thorac Dis 2012; 4(S1):17-31

Foster DC, Stern JL, Buscema J et al. Pleural and paren-
chymal pulmonary endometriosis. Obstet Gynecol 1981; 58:
552-556

Received for publication: 15.9.14; Accepted in revised form: 11.12.14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


