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1 | INTRODUCTION

Clinicians who take care of patients on peritoneal dialysis (PD) are often
confronted with issues regarding the PD effluent aspect. An unexpected
appearance of the effluent usually indicates a complication of the tech-
nigue and requires quick and accurate management. This can also reveal
a problem not directly related to the dialysis technique itself but to
another pathological situation that would be unrecognized in patients
who are not undergoing peritoneal dialysis exchanges. PD can, thus, be
considered as an open window on the abdominal cavity, bringing some
additional clues in diagnostic investigations.

After having reviewed the cases reported in the literature, we
have developed a list of diagnoses based on the color of the PD
effluent, and we here propose a practical approach in the exploration

and management of these particular situations.

2 | RED DIALYSATE

Red dialysate usually indicates the presence of red blood cells in the
PD effluent (hemoperitoneum), a relatively frequent problem.! A
quite small amount of blood is enough to change the color of the
effluent fluid to a homogenous red (Figure 1). These red blood cells
originate from either the peritoneal membrane, from the intraperi-

toneal organs (organs that are fully encapsulated by the visceral

Peritoneal dialysis (PD) effluent is normally transparent. A change in its appearance
may be the first indication of an intra- or extraperitoneal abnormality which may or
may not be related to the peritoneal dialysis technique itself. What diagnosis should
be considered when PD effluent turns on red, orange, cloudy, milky white, green,
yellow, purple or black in color? After review of the literature, we propose a differ-
ential diagnosis, as well as some management recommendations, for specific abnor-

mal color presentations of the PD effluent.

bloody effluent, chyloperitoneum, peritoneal dialysis, peritonitis, rhabdomyolysis

peritoneal membrane), or, more surprisingly, from partially or com-
pletely extraperitoneal structures.

The first diagnosis in premenopausal women is blood shedding
from the uterine cavity (menstruation) or from one of the ovaries
(ovulation).? To avoid unnecessary stress, the possibility of these
physiological phenomena should be explained to all at risk patients
at the beginning of PD.

Once this situation has been excluded, a panoply of situations has
to be considered (Table 1). Briefly, hemoperitoneum in PD patients
have been reported in situations such as traumatic/mechanical phenom-
ena (postcatheter insertion or manipulation,® splenic laceration,®* liver
rupture and liver or renal cyst rupture,>” erosion of mesenteric vessel

by the Tenckhoff catheter® itself, postcolonoscopy,’°

12-15

postlitho-
tripsy®?), leakage from an extraperitoneal hematoma, infectious/in-

flammatory  diseases (pancreatitis,®® gangrenous cholecystitis,*

7 intra-abdominal

pseudomembranous colitis,** postpelvic irradiation,
connective tissue pouch“), bleeding from malignant tumor (renal,*®
gut,*? liver'? cancer). Hemoperitoneum can also be seen in patients
with coagulation, aggregation or microcirculation issues without any
demonstrated focal bleeding (anticoagulant use or low platelets count,!
abnormal platelet aggregation or adhesiveness,®> such as in uremic
bleeding® or scurvy?®). Recurrent hemoperitoneum in long-term PD
patients should raise the possibility of encapsulating peritoneal sclero-
sis.?! We also found one case of hemoperitoneum in a PD patient sec-

ondary to a ruptured abdominal aortic aneurysm.??
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FIGURE 1 Red dialysate. A 38-year-old woman with end-stage
renal failure secondary to lupus nephritis on peritoneal dialysis for
4 mo presented with red dialysate effluent on the first morning of
her months (hematocrit : 0.3%). Cooling of the dialysate
subsequently normalized the effluent aspect

Hemoperitoneum is usually a benign condition, but if bleeding is
severe (decreased serum hemoglobin level, dialysate hemat-
ocrit > 2%), recurrent or associated with abdominal pain or general
symptoms such as fever or altered general condition, investigations
must be started with prompt medical or surgical management. Usu-
ally physical examination, blood tests, and abdominal imaging (ultra-
sound or CT scan) are sufficient to make a clear diagnostic and/or
rule out severe situations. Gynecologic investigation may be pro-
posed in second-line investigation (in particular to exclude ovarian
tumor or endometriosis).

Hemoperitoneum, even recurrent, can sometimes remain without
any explanation despite extensive investigations. This situation is not
uncommon and does not seem to affect the survival of the dialysis
technique.?

In addition to the etiological treatment, management is based on
the use of rapid flushes and/or use of cooled dialysate.?® It has also
been proposed that unfractionated heparin be added to the dialysate
bag (500 Ul per liter) to avoid fibrin clot formation and catheter
obstruction. Heparin is not absorbed, so it poses no systemic risk.
Whether there is a local risk of exacerbating hemoperitoneum is

unclear and probably depends on the exact source of bleeding.

3 | ORANGE DIALYSATE

Rifampicin therapy may stain the PD effluent red-orange in addition

to discoloring urine, sweat, stool, saliva, and tears (Figure 2). A rusty

TABLE 1 Some causes of hemoperitoneum

Blood origin Diagnostic considerations

Gynecologic e Menstruation, ovulation
e Ruptured ovarian cyst
e Ovarian tumor
e Endometriosis

Urologic o Kidney cysts rupture
e Renal angiomyolipoma
e Renal cancer

Digestive system e Postcolonoscopy
e Pseudomembranous colitis
e Colon cancer
e Pancreatitis
e Gangrenous cholecystitis
e Liver rupture and liver cyst rupture
e Hepatoma or hepatic metastasis of solid
cancer
Peritoneal membrane e Sclerosing peritonitis
e Peritoneal calcification
e Radiation-induced peritoneal injury
o After DP interruption

Traumatic e Postcatheter insertion or manipulation.
o Catheter-induced spleen injury
e Catheter-induced mesenteric vessel erosion

Miscellaneous e Anticoagulation therapy
e Severe thrombopenia
e Uremic bleeding
e Scurvy
o |Leakage from an extraperitoneal hematoma
e Ruptured abdominal aortic aneurysm

FIGURE 2 Orange dialysate. Effluent of a 62-year-old man with
end-stage renal failure secondary to a diabetic nephropathy on PD
for 14 months with persisting dialysate enterococcus infection on
rifampicin therapy
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aspect of the dialysate effluent has also been described under com-

bination of intravenous iron dextran and rifampicin treatment.?*

4 | CLOUDY DIALYSATE

Cloudy dialysate in a PD patient most often reflects an increased
number of polymorphonuclear neutrophils (PMN) in the effluent fluid,
and the first diagnosis to be considered is certainly acute peritonitis
(Figure 3). A cell count and a dialysate culture should be performed
urgently. ISPD guidelines recommend that PD patients presenting
with cloudy effluent be presumed to have bacterial peritonitis and
treated as such until the diagnosis can be confirmed or excluded.?®

If bacterial cultures remain negative despite an increased number
of PMN, atypical infections (mycobacteria, fungi, or parasites) have
to be considered and adequate cultures have to be performed.?42’
As reported by Rocklin and Teitelbaum,?¢ excessive PMN in PD fluid
have also been described in abdominal problems inducing reactive
inflammation, such as splenic infarction,* ischemic colitis,?® renal cell
cancer,?’ pancreatitis, cholecystitis, appendicitis, hernia, small bowel
incarceration,®® and juxta peritoneal abscess.3? Abrupt diffuse
abdominal pain, excessive PMN in dialysate effluent, and quick
favorable evolution without antibiotic treatment are suggestive of an
intraperitoneal sterile abscess rupture, usually a remnant of an old
peritonitis.3?

In 1977, two Canadian hospitals experienced an epidemic of 48
episodes of aseptic neutrophilic peritonitis which was found to be
secondary to endotoxin contamination of the peritoneal dialysis
fluid.3® A similar story happened again 20 years later in Pennsylva-
nia.>* This led the authorities to reinforce the sterility requirements
for dialysate bags; since then, no other case has been described.

In 2002, a new epidemic of aseptic peritonitis (associated with
elevated intraperitoneal monocytes and macrophages) occurred®®
and was subsequently ascribed to a contamination of some icodex-
trin-solution batches®® with large amount of peptidoglycans. Again, a
reinforcement of quality controls had to be implemented.

Several cases of neutrophilic peritonitis have been described

after intraperitoneal infusion of vancomycin® and seem to be

0 3
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related to the formulation of the medication.®® A cloudy appearance
of the dialysate can also be related to accumulation of other compo-
nents, such as eosinophils, malignant cells, or triglycerides (Table 2).
Eosinophilic peritonitis is defined as an absolute eosinophil count
of >30/mm? in the dialysis fluid.3>? When it is abundant, peritoneal
fluid eosinophilia can induce a turbid appearance of the peritoneal
fluid, more often found on the nocturnal exchange when CAPD is
utilized. Idiopathic eosinophilic peritonitis is usually encountered in
the first few months of peritoneal dialysis and is considered a hyper-
sensitivity reaction to certain dialysis system components (catheter

),%° or to air trapped intraperitoneally following catheter

or solution
placement. It is generally asymptomatic and with a spontaneously
favorable outcome over a few days.

Peritoneal fluid eosinophilia can also be related to infection (fun-
gal, 12 parasitic,*® tubercular**), and appropriate tests must be per-
formed to rule out these diagnoses in patients at risk. An allergic
mechanism has been advanced to explain some cases of eosinophilic

45,46 and

peritonitis following intraperitoneal injection of vancomycin
streptokinase.*”

A turbid appearance of the dialysate can also be the consequence
of an accumulation of neoplastic or abnormal cells. Such situations
have been described in posttransplant lymphoproliferative disorder,*®
Hodgkin's** and non-Hodgkin's>®>! lymphoma, endometrial or pro-
static adenocarcinomas.®? A recurrent turbid appearance of the dialy-
sate, with negative cultures, must prompt consideration of cytological
examination to rule out oncological or hematological processes.

Some level of intraperitoneal fibrin formation secondary to per-
sistent low-grade serositis is observed among all PD patients.>® In
some situations such as at dialysis initiation, infectious peritonitis,
intraperitoneal bleeding, and encapsulating peritoneal sclerosis,>* fib-
rin production may sharply increase. Fibrin overproduction can, by
itself, induce a cloudy appearance of the effluent bag, where fibrin
filament or fibrin clots can be seen.>®> The main risk of fibrin over-
production is catheter obstruction. Intraperitoneal injection of
unfractionated heparin (500 IU/L of dialysate) can prevent intraperi-
toneal fibrin formation without significant systemic anticoagulant
effect®® and is recommended by some nephrology centers as long as

the dialysate appears cloudy.>”

®

FIGURE 3 Cloudy dialysate. A, Normal CAPD effluent. It is clear enough to allow a text to be read through the dialysate bag. B, Effluent of
47-year-old man with end-stage renal failure secondary to Alport's syndrome admitted with acute peritonitis (white cell count : 7860/uL; 93%

of polymorphonuclear neutrophils)
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TABLE 2 Causes of cloudy dialysate
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Coloring agent Mechanism Diagnostic considerations
Polymorphonuclear  Fluid infection e Bacterial
neutrophils e Moycobacterial
e Fungal
e Parasitic
Reactional e Splenic infarction
inflammation e Ischemic colitis

(negative cultures) o Renal cell cancer

e Pancreatitis

e Cholecystitis

e Abdominal hernia

o Small bowel incarceration

e Juxta peritoneal abscess

e Rupture of an
intraperitoneal sterile
abscess

e Endotoxin contamination
of dialysate solution

“Idiopathic” e Reaction to the dialysis
system constituent
(catheter or solution)
o Intra-abdominal air after
catheter placement
e Mechanical irritant effect

Eosinophils

of repeated significant
changes in tension of the
peritoneal membrane due
to dialysate infusion

Infection e Fungal infection
e Parasitic infection
e Tubercular infection

Drug induced o Intraperitoneal injection
of vancomycin
o Intraperitoneal injection
of streptokinase

Neoplastic Hematologic e Posttransplantation
cells malignancies lymphoproliferative
or solid tumor disorder
e Hodgkin's lymphoma
e Non-Hodgkin's
lymphoma
e Endometrial
adenocarcinoma
e Prostatic adenocarcinoma
Fibrin Serositis e Spontaneous
e At the initiation of PD
e Reactional
(postperitonitis or
posthemoperitoneum)
e Encapsulating peritoneal
sclerosis

5 | MILKY WHITE DIALYSATE

A milky white appearance of the dialysate suggests a diagnostic of
chyloperitoneum, a situation in which triglycerides and chylomicrons
accumulate in the peritoneal cavity®® (Figure 4). After a fatty meal,

long-chain triglycerides are incorporated into chylomicrons within
enterocytes of the small intestine. Chylomicrons are then secreted
via the basolateral membrane to join the lymphatic network and, via
the cisterna chyli and the thoracic duct, the central venous system.
Accumulation of chylomicrons and triglycerides in peritoneal cav-
ity occurs whenever there is an interruption of the lymphatic drai-
nage from the gut to the main lymphatic trunks and venous
circulation. A milky white appearance of the effluent may, thus,
occur after a very high-fat meal as it induces a significant increase in
the lymphatic flow.>® The diagnosis of chyloperitoneum is based on
a triglyceride concentration above 110 mg/dL (1.24 mmol/L) in undi-

luted peritoneal fluid>®

which is a higher level than in plasma.
Multiple etiologies of chyloperitoneum have been reported
(Tables 3 and 4). In adults, an obstruction of the lymphatic system
mediated by abnormal cell proliferation should rapidly be ruled out. The
most common cause is lymphoma, but lymph node extension of cancer
from abdominal or pelvic organ®® and lymphangioleiomyomatosis (spo-
radic or associated to tuberous sclerosis complex)®? are also possible.
Infectious diseases such as tuberculosis®? or lymphatic filariasis®®
are possible causes of lymphatic obstruction, and these diagnoses
should be considered if the clinical context is appropriate. Traumatic
causes including blunt or penetrating trauma and abdominal (includ-
ing dialysis catheter placement®¥) or thoracic surgeries can induce
lymphatic system damage and secondary chyloperitoneum.
Chyloperitoneum may occur in PD patients with congestive heart
failure,®®> constrictive pericarditis,® and superior vena cava syn-
drome.®” It is best explained by an increase in lymph formation sec-
ondary to an excessive pressure in venous capillaries and less
effective drainage to the left subclavian vein. Increased lymph pro-
duction is also the mechanism suggested to explain the rare cases of
chylous ascites in cirrhotic patients.6®
The use of certain dihydropyridine calcium channel blocker

(manidipine, benidipine, nisoldipine, nifedipine, and Iercanidipine),éc"’70

71

a nondihydropyridine calcium channel blocker (diltiazem),”* and a

direct renin inhibitor (aliskiren)’”? have been associated with chy-
loperitoneum in CAPD. The mechanism remains unclear.
Chylous ascites has also been described in other situations such as

pancreatitis,”® systemic lupus with mesenteric involvement,”*

75,76

nephrotic
syndrome, sarcoidosis,”” retroperitoneal fibrosis,”® and Whipple's
disease’? with pathophysiological mechanisms variably understood. In
children, congenital lymphatic abnormalities, obstructive intestinal
lesions, lymphangioma, abdominal surgery, and trauma (battered child
syndrome) have been described as causes of chyloperitoneum.&°

The management of chyloperitoneum is based on treating its
cause, when possible, bowel rest and parenteral nutrition or, more fre-
quently, enteral nutrition without long-chain triglycerides; medium-
chain triglycerides are directly absorbed into the portal system from
the gut, bypassing the lymphatic system. PD cessation could acceler-
ate the healing of chylous leak and should be considered when residual
renal function or the availability of HD allows for it. Treatment with
octreotide seems effective and without any serious adverse events.8!
It blocks somatostatin receptors in the intestine and decreases intesti-
nal fat absorption, intestinal blood flow, and lymph secretion.



DOSSIN ano GOFFIN

FIGURE 4 Milky dialysate. Overnight effluent of a 46-year-old
man with end-stage renal failure secondary to ADPKD on PD for 6
months presenting with milky dialysate after an evening foie-gras
rich meal. Subsequent exchanges gradually cleared and
thoracoabdominal CT disclosed no abnormality

TABLE 3 Causes of chyloperitoneum

Mechanism Diagnostic considerations
Obstruction by e Lymphoma
cell proliferation e Lymph node extension of a cancer of an
abdominal or a pelvic organ
o Lymphangioleiomyomatosis
Obstruction by o Tuberculosis
infections e Lymphatic filariasis
Trauma e Blunt or penetrating abdominal trauma
o Abdominal surgery (including dialysis
catheter placement)
e Thoracic surgery (thoracic duct trauma)
Excessive lymph o Congestive heart failure
production +/— less e Constrictive pericarditis
effective venous drainage o Superior vena cava syndrome
e Cirrhosis
Drugs e Manidipine, benidipine, nisoldipine,
nifedipine, lercanidipine
o Diltiazem
o Aliskiren
Miscellaneous e Pancreatitis

e Lupus disease with mesenteric
involvement

e Nephrotic syndrome

e Sarcoidosis

e Retroperitoneal fibrosis

e Whipple's disease

e Children: congenital anomalies of
the lymphatic system, obstructive
intestinal lesions, lymphangioma,
battered child syndrome

6 | PEACH DIALYSATE

A peach-colored dialysis effluent was reported in the first drain of
an urgent-start peritoneal dialysis in a 70-year-old man with diffuse

WILEY-L2
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TABLE 4 Other dialysate colors

Color Diagnostics considerations

Peach Combinations of chylous ascite and hemoperitoneum

Yellow- Green Perforated/gangrenous cholecystitis

Brown-black Hemorrhagic pancreatitis (methemalbumin)

Rhabdomyolysis (metmyoglobin)

Fluorescent Fluorescein angiography

Interaction between iodine and a particular icodextrin
(not present on the market anymore)

Purple

large B-cell lymphoma and tumor lysis syndrome. After analysis, it
was shown that this color was the consequence of the combination
of chylous ascites (secondary to the Ilymphoma) and
hemoperitoneum (secondary to recent catheter placement and

severe thrombocytopenia).&?

7 | YELLOW—GREEN DIALYSATE

A yellow-greenish appearance of the dialysate must suggest the
presence of bile in the effluent bag and thus the presence of a com-
munication between the biliary tree and the abdominal cavity (Fig-
ure 5). It can be the first and sometimes only symptom of a
perforated cholecystitis.2® Bile leakage can be confirmed by hepato-
biliary scintigraphy which shows progressive diffusion of the radio-
tracer into the dialysate fluid.8* Surgical management is imperative
to avoid infection.

8 | YELLOW—FLUORESCENT DIALYSATE

Fluorescein eye angiography as part of a diabetic retinopathy screen-
ing may lead to a yellow-light effluent bag. In the darkness, it ema-

nates a soft fluorescent color (Figure 6).

9 | BROWN-BLACK DIALYSATE

Methemalbumin, an albumin and heme complex, is an indicator of
hemolysis. Its accumulation in the dialysate gives it a brown-black
color. This has been described in some cases of hemorrhagic pancre-
atitis where proteolytic pancreatic enzymes cause the destruction of
red blood cells. Free heme combines with albumin to form methe-
malbumin.8> A similar phenomenon occurs when nonhemorrhagic
pancreatitis coexists with intraperitoneal bleeding of other origin.2®
A brown appearance of the dialysate has also been reported in a
patient who has suffered from severe rhabdomyolysis. Peritoneal
fluid analysis shows a high concentration of myoglobin and a small
number of red blood cells. The brown color persists homogeneously
after centrifugation.8” One hypothesis to explain this particular color
is the local formation of metmyoglobin, the oxidized form of the
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FIGURE 5 Yellow-green dialysate. Effluent of a 78-year-old man
with end-stage renal failure secondary to prostatic hypertrophy on
peritoneal dialysis for 46 months presenting with acute cholecystitis

FIGURE 6 VYellow-fluorescent dialysate. Effluent of a 36-year-old
male with end-stage renal failure secondary to malignant
hypertension one hour after a fluorescein angiography. Note the
green-fluorescent color of the dialysate in the darkness

hemeprotein myoglobin. This peculiar aspect of the effluent has
been called “coca-cola” or “soy-bean” dialysate®®®? (Figure 7).

10 | PURPLE DIALYSATE

Between 2001 and 2011, a transient purple discoloration was noted

by several patients and clinicians in Europe of the very early

FIGURE 7 Brown-black dialysate. Effluent of a 41-year-old woman
with end-stage renal failure secondary to lupus nephritis on peritoneal
dialysis for 36 months presenting with acute rhabdomyolysis second-
ary to drug interactions

drainage phase of a 7.5% icodextrin solution, a starch-derived glu-
cose polymer.?%?1 After careful investigation, it turned out that this
phenomenon was secondary to a chemical reaction between the
iodine present in the disconnect cap and an icodextrin solution man-
ufactured in Turkey which differed from that produced by other
manufacturers by its greater fraction of large polymers.”? No clinical
significance was noted by the authors. Since 2011, this particular
icodextrin has not been available.

11 | CONCLUSION

The appearance of PD effluent is a useful and accessible monitoring
parameter. It can offer early information about dialysis complications
as well as about abdominal or general diseases unrelated to the dial-
ysis technique.

The color of the fluid is by itself a first step toward a diagnosis,
which can very often be confirmed by a targeted interrogation, clini-
cal examination and laboratory examination of effluent (cytologic,
biochemical, cultures). In some situations, additional examinations
such as imaging will be required. Discolored PD effluent can present
dramatically and raise urgent questions regarding its source. This

review will, we hope, offer answers to such questions.
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