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Abstract We report on a 2-year-old boy on automated
peritoneal dialysis (PD) with a history of multiple hernias and
dialysate leaks who developed pericardial effusion. Magnetic
resonance imaging (MRI) demonstrated a peritoneo-pericardial
fistula. Dialysis had to be discontinued, since head-down tilt
reproducibly induced significant hypotension. In PD patients
with pericardial effusion a peritoneo-pericardial leak should
be considered.
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Introduction

Dialysate leakage is a rare but potentially serious complication
of peritoneal dialysis. In children on peritoneal dialysis (PD),

peritoneal leaks occur at a frequency of 6.6 % [1]. While early
leaks usually occur at the exit site, late leaks (beyond the first
month of treatment) are less frequent and mostly drain into
the abdominal wall and external genitalia [2]. Peritoneal
leaks are related to intraperitoneal pressure (IPP), which is
only 0.5–2 cm H2O in a supine patient with an empty ab-
dominal cavity, but increases linearly with dwell volumes of
600–1200 ml/m2 body surface area, and exponentially
thereafter [3, 4]. In infants the exponential increase in IPP
already occurs at a lower fill volume [3, 4]. IPP markedly
increases when an individual is in an upright position, and
with coughing, and it is higher in patients with organo-
megaly, constipation and obesity [5]. In addition, surgical
interventions and adhesions due to infections alter the
abdominal wall structure and may predispose the patient to
ruptures of the peritoneal membrane sheath.

Leaks into the pleural space via diaphragmatic defects
are potentially life threatening [6]. The reported incidence is
1.6% in adults and 2–8% in children on PD [6–8]. Of
pleural leaks, 40–50% occur within the first 2-to-4 weeks of
PD and usually develop on the right side [4, 7].

Here, we report on a 2-year-old boy who had undergone
postnatal initiation of PD, who repeatedly developed hernias
and external leakage and, eventually, pleural effusion and a
peritoneo-pericardial fistula.

Case report

The male twin was born at 35 weeks of gestation, weighting
2,200 g, by emergency caesarean section due to placental
rupture. He suffered from severe perinatal asphyxia, multi-
organ failure and left medial and anterior cerebral artery
infarction. Since his renal function did not recover, PD was
initiated on day 11, using a pigtail catheter. After 3 days, exit
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site leakage developed; PD was discontinued, and the patient
was transferred to a paediatric nephrology centre. A single-
cuff, curled Tenckhoff catheter was inserted, with a subcostal
exit, and PD was resumed. PD was complicated by leakage
from the incision site of the pigtail catheter and required
surgical closure. Three days later, a leak from the Tenckhoff
catheter exit site developed, and a second Tenckhoff catheter
was placed contralaterally. Within 5 days, however, at the age
of 4 weeks, the boy developed another leak along the catheter,
and dialysis treatment was discontinued.

At 8 months of age, the patient was transferred to our centre.
He presented with severe psychomotor retardation and severe
growth failure, with a weight of 5.3 kg [standard deviation
score (SDS) of −4] and a length of 64 cm (−3 SDS).
Glomerular filtration rate (GFR) was below 10 ml/min per
1.73 m2 body surface area. At 9 months of age, the child
underwent the insertion of a two-cuff Tenckhoff catheter and
a gastrostomy; the right testis was mobilised into the scrotum
and the right processus vaginalis was closed. PD was resumed
2 weeks after surgery, using a fill volume of 700 ml/m2 body
surface area. Repeated measurements of intraperitoneal
pressure showed 10 to 12 cm H2O at a dwell volume of
600 to 1,000 ml/m2. The boy showed remarkable catch-up

growth and weight gain and an improved psychomotor
development, with gradually improving right-sided hemi-
paresis. Growth hormone was initiated when he was
19 months old. However, he developed recurrent inguinal,
umbilical and ventral abdominal hernias, requiring laparo-
scopic and open repairs, four times within 11 months. Each
time, PD was discontinued postoperatively for 4–6 weeks,
resulting in transient failure to thrive until PD was resumed.
Fill volume was limited to 440 to 540 ml/m2. In the course of
his treatment he had an episode of peritonitis, caused by a
coagulase-negative Staphylococcus sp., which relapsed twice.
When the child was aged 2 years, routine echocardiography
revealed a clinically and haemodynamically insignificant
pericardial effusion. Weekly echocardiographic monitoring
reconfirmed a persistent small effusion of 2–4 mm in diam-
eter. No infectious cause, connective tissue disorder or
hypothyroidism could be identified by serological analyses;
the patient appeared euvolaemic. Uraemic pericarditis was
considered unlikely in the face of a total creatinine clearance
of 15 ml/min per 1.73 m2 body surface area (BSA) and a
Kt/Vof 4.8. After 4 weeks, the pericardial effusion increased.
Chest X-ray revealed an extensive, right-sided, pleural
effusion; the patient remained asymptomatic. Magnetic
resonance imaging (MRI) (1.5 T Magnetom Symphony,
Siemens) was performed with T1- and T2-weighted
sequences before and after intraperitoneal administration of
gadolinium (Omniscan), with the boy under sedation during
free respiration. The contrast medium was applied at a

Fig. 1 a Transversal T1-weighted gradient echo (GRE) image before
infusion of PD fluid, showing a large pleural effusion in the right
dorsal lung. b After infusion of PD fluid containing gadolinium,
selective enhancement of the pericardial effusion was demonstrated,
whereas the pleural effusion in the right dorsal lung was not enhanced

Fig. 2 ECG and respiratory gated T1-weighted gradient echo sequence
with a spatial resolution of 1.4×1.4×2 mm3 revealed a dorsal peritoneo-
pericardial fistula (arrow)
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standard dose of 0.1 mmol/kg body weight in 1,000 ml of
peritoneal dialysis fluid. For precise visualisation of the
pericardial contrast enhancement, a dedicated electrocardio-
gram (ECG) and respiration-gated, T1-weighted, gradient
echo sequence was applied (1.4×1.4×2 mm3). This exami-
nation revealed rapid drainage of contrast agent containing
PD fluid via a fistula into the pericardial cavity but not into
the pleural space (Figs. 1 and 2). Head-down tilt resulted in
acute bradycardia and hypotension, necessitating discontinu-
ation of PD. After the MRI, the peritoneum was purged
several times. The effusions regressed within few days after
cessation of PD; a pericardiocentesis was not performed.

The child was listed as high urgency and received a renal
allograft within 3 weeks.

Discussion

To the best of our knowledge, this is the first report of
spontaneous leakage of dialysate fluid from the peritoneal
cavity into the pericardium. This complication has hitherto
been described only in two adult PD patients who had
undergone cardiac surgery and pericardiocentesis [9, 10]
and who may have had insufficient tissue repair and local
adhesions, resulting in tear stress.

Our patient had suffered beforehand from multiple
external leaks and hernias. Intraperitoneal pressure was
measured repeatedly and showed usual values reported for
this age group [11] far below the tolerable upper limit of
15–18 cm H2O [12, 13]. After surgery, PD was discontinued
for 4 to 6 weeks to allow optimal wound healing, and dwell
volume was gradually reduced to less than 500 ml/m2 BSA.
Nonetheless, multiple hernias and, eventually, the peritoneo-
pericardial leak had developed, suggesting a constitutive
connective tissue weakness in this child, which may have
been aggravated by malnutrition. Whether the hemipaesis
has contributed to the development of the fistula remains
uncertain, hernias and leaks occured bilaterally.

MR peritoneography provides detailed information about
the anatomical distribution of dialysate in experimental
dialysis [14] and patients receiving PD [15]. Peritoneal
leakage can also be detected by MRI in patients without
clinical symptoms [16]. In this patient we performed MRI
with intraperitoneal administration of gadolinium contrast
agent to visualise directly the PD fluid distribution. This
imaging approach revealed a pericardial effusion that
corresponded with the abdomen and, hence, demonstrated
precisely the peritoneo-pericardial fistula. A communica-
tion with the large pleural effusion on the right side, first
identified by chest X-ray, could not be demonstrated,
although intermittent drainage of dialysate fluid into the
pleural cavity was likely. Of note, an increasing number

of dialysis patients who have developed nephrogenic system-
ic fibrosis in association with exposure to gadolinium-
containing contrast agents have been reported [17]. This risk
needs to be counterbalanced against the imaging benefits
when gadolinium is used instead of pure dialysate fluid as
contrast agent; families must be informed accordingly.

Aortic and oesophageal apertures are potential predilection
sites for mediastinal hernias and subsequent leakage. Trans-
diaphragmatic lymphatics may channel leaks. The dorsal leak
demonstrated in our MRI study could not clearly be allocated
to an anatomic predilection site. Other factors that could have
caused the peritoneo-pericardial fistula, such as infections,
connective tissue disease, haematologic or metabolic disor-
ders, were ruled out. Uraemic pericarditis due to insufficient
PD clearance was unlikely, owing to the considerable residual
renal function present when the complication occurred.

Moreover, the three episodes of Staphylococcus epidermidis
peritonitis, experienced in the 6 months before the pericardiac
fistula had developed, may have contributed by leading to
local adhesions and tear stress. An increased incidence of
hernias has been associated with peritonitis episodes [7].

Patients with pericardial effusions may present with
minor clinical symptoms, such as cough, but also with
abdominal and chest pain, dyspnoea and life-threatening
cardiac tamponade. Our patient was largely asymptomatic,
mostly likely due to the small amounts of fluid leaking into
the pericardium. However, provocation by head-down tilting
reproducibly resulted in significant cardiac symptoms,
forcing us to discontinue PD. In the face of the small size of
the fistula and the repeated leaks experienced in the past, a
surgical closure was precluded. Spontaneous closure of a
pericardiocentesis-related peritoneo-pericardial fistula occurred
in one patient [10], while a surgery-related fistula has been
reported in a second patient. He developed life-threatening
cardiac tamponade after resumption of PD [9].

In conclusion, peritoneal-pericardial leakage is a poten-
tial cause of pericardial effusion and should be considered,
particularly in patients with a history of leaks and hernias.
MRI with intraperitoneal administration of contrast agent
permits definitive diagnostic proof of this lesion.
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