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	 Patient:	 Male, 82-year-old
	 Final Diagnosis:	 End stage renal disease • thrombocytopenia • co-existing disea
	 Symptoms:	 Fatigue • melena • weakness
	 Medication:	 —
	 Clinical Procedure:	 —
	 Specialty:	 Nephrology

	 Objective:	 Unusual or unexpected effect of treatment
	 Background:	 Biocompatible hemodialysis membranes have greatly advanced the treatment of renal failure. Synthetic poly-

sulfone dialysis membranes are considered to be very biocompatible because of their low propensity to acti-
vate complement. However, these membranes can reduce platelet count through platelet activation, although 
the mechanism of this activation is unknown.

	 Case Report:	 We report the case of an 82-year-old man with a history of chronic kidney disease with recurrent gastrointes-
tinal bleeding and worsening renal function who was initiated on renal replacement therapy with polysulfone 
dialysis membranes. On admission, the patient’s platelet count was normal at 233×103/μL. A significant fall in 
platelet count was observed following most dialysis treatments, reaching a nadir of 37×103/μL. With occasional 
dialysis treatments, his platelet count did not change. This dialysis-induced thrombocytopenia resolved follow-
ing substitution with Cellentia-H cellulose triacetate single-use, hollow-fiber, high-flux hemodialyzer membrane.

	 Conclusions:	 Polysulfone membranes are capable of activating platelets, which can result in severe thrombocytopenia. 
However, the magnitude of dialysis-induced thrombocytopenia varies from treatment to treatment. As such, 
it may not be evident when the pre- and postdialysis platelet counts are measured for a single treatment. 
Because the etiology of this platelet activation is unknown, substitution with cellulose triacetate membranes 
should be considered. These membranes have an unrelated chemical composition and a very low propensity 
to activate platelets.
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Background

Dialysis-associated thrombocytopenia is a rare but impor-
tant complication of renal replacement therapy [1]. A dialysis 
membrane’s biocompatibility is determined by the extent to 
which it changes the white blood cell count or activates com-
plement [2]. The dialysis-induced thrombocytopenia seen with 
older cuprophane membranes was attributed to complement 
activation [3]. Newer products, such as polysulfone membranes, 
are thought to be very biocompatible because they produce lit-
tle complement activation [4]. Nevertheless, polysulfone mem-
branes can activate platelets and thereby reduce total plate-
let count, although such treatments generally reduce platelet 
count by less than 5% [5]. We report the case of a patient 
with a normal platelet count at baseline, who experienced a 
marked decline in platelet count following dialysis with poly-
sulfone membranes, which resolved with cellulose triacetate 
membrane substitution. Because the etiology of this polysul-
fone membrane-induced fall in platelet count is unclear, how it 
should be treated and which membrane or membranes should 
be substituted are not established. We suggest that substitut-
ing these polysulfone membranes with cellulose triacetate is 
a reasonable first step in treating this disorder.

Case Report

An 82-year-old man with a history of hypertension, an abdom-
inal aortic aneurysm, stage 5 chronic kidney disease, and du-
odenal and jejunal arteriovenous malformations (AVMs) was 
admitted to Emory University Hospital with recurrent gastro-
intestinal bleeding and acute kidney injury. One year prior to 
admission, the patient experienced a cecal perforation follow-
ing a colonoscopy, which was repaired with a right hemicolec-
tomy. His physical examination was unremarkable. Admission 
laboratory values are reported in Table 1. Given his low he-
moglobin, he received red blood cell transfusions to a thresh-
old of 7 g/dL.

A computed tomography angiogram of the abdomen and 
pelvis showed an arterial blush with persistence on the ve-
nous phase in the distal ascending proximal transverse co-
lon around the surgical anastomosis. A colonoscopy showed 
AVMs that were clipped, with resolution of the bleeding. His 
hemoglobin thereafter remained stable at 8.5 g/dL. After ob-
taining informed, written consent, dialysis was initiated us-
ing a Permacath™ 14.5-Fr Dual Lumen Catheter for vascular 
access and F180NR Optiflux polysulfone hemodialysis mem-
branes (Fresenius Medical Care, Waltham, MA).

Figure 1 shows the relationship between dialysis treatments 
and the patient’s platelet count. His predialysis platelet count 
was 233×103/μL, which fell to 81×103/μL measured 3 h after 

termination of this first treatment. This dialysis-associated fall 
in platelet count was not associated with fever, chills, short-
ness of breath, or hypotension while on dialysis. The following 
day he was again dialyzed with pre- and postdialysis platelet 
counts of 100×103/μL and 62×103/μL, respectively. Over the 
ensuing 5 days he received no dialysis treatments, where-
upon his platelet count rose from 62×103/μL to 216×103/μL. 
When dialysis was resumed, his platelet count fell by ~40% 
with most dialyses, causing a progressive decline in platelet 
count to a nadir of 37×103/μL on hospital day 38. While the 
patient’s platelet count generally rose in the interval between 
dialyses, this response was variable. By linear regression anal-
ysis, his platelet count rose by ~(20-30)×103 cells/mL/d follow-
ing the dialyses on hospital days 9, 15, 26, and 33. However, 
his platelet count did not increase following the treatments 
on hospital days 19 and 22.

The patient was dialyzed with citrate anticoagulation and did 
not receive heparin. New medications started during this hospi-
talization were limited to midodrine and amlodipine. Rinsing the 
membrane with 1 L of normal saline prior to the dialysis treat-
ment did not improve the dialysis-induced thrombocytopenia.

Hematology was consulted for evaluation of thrombocytope-
nia, and the results of their workup are displayed in Table 1. 
This evaluation revealed no splenomegaly on physical ex-
amination or schistocytes or platelet clumping on peripheral 
smear. The activated partial thromboplastin time (aPTT) was 
normal throughout the hospitalization. His mildly elevated 
prothrombin time was attributed to the liver disease detect-
ed by ultrasound since he had not taken vitamin K antago-
nists. Disseminated intravascular coagulation (DIC) was consid-
ered owing to the increasing d-dimer and declining fibrinogen 
level. However, since the aPTT was not elevated and since a 
score of 4 points was calculated based on the International 
Society of Thrombosis and Haemostasis DIC criteria, acute DIC 
seemed unlikely. Instead, the elevated d-dimer was attributed 
to rectal bleeding from colonic AVMs detected by colonosco-
py. Given his history of gastrointestinal bleeding from AVMs, 
acquired von Willebrand disease was suspected but ruled out 
with a normal von Willebrand factor antigen level and elevat-
ed ristocetin cofactor activity, the latter of which was attrib-
uted to inflammation. Anti-heparin platelet factor 4 antibody 
titer levels did not meet the cutoff for heparin-induced throm-
bocytopenia. Vitamin B12 level was normal. Folate was initial-
ly low but normalized with supplementation. HIV and hepati-
tis B tests were negative.

Polysulfone dialysis membrane-induced thrombocytopenia 
was suspected due to the strong correlation between dialysis 
treatments and the patient’s platelet count decline. The dialysis 
membrane was subsequently changed to a Cellentia-17H cellu-
lose triacetate single-use, hollow-fiber, high-flux hemodialyzer 
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Test Value Reference range
Hospital Day 

tested
Membrane used when

blood was sampled

White blood count 11.9×103/ml 4.2-9.1×103/ml 1 NA

Hemoglobin 4.9 g/dL 12.9-16.1 g/dL 1 NA

Platelet count 209×103/ml 150-400×103/ml 1 NA

Hematocrit 16% 37.7-46.5% 1 NA

Blood urea nitrogen 166 mg/dL 7-25 mg/dL 1 NA

Creatinine 19.23 mg/dL 0.7-1.30 mg/dL 1 NA

Potassium 5.7 mmol/L 3.5-5.0 mmol/L 1 NA

Carbon dioxide 7 mmol/L 23-29 mmol/L 1 NA

Phosphorus 7.5 mg/dL 2.5-5.0 mg/dL 1 NA

Peripheral smear No schistocytes or 
blasts

PSM

Activated partial thromboplastin time (s) 27.5 25.1-36.5 9 PSM

D dimer(ng/ml) 21,531* £574 9 PSM

53,000* 26 PSM

31,000* 40 CTA

Fibrinogen activity (mg/dl) 514* 200-393 9 PSM

109* 200-393 26 PSM

199 200-293 42 CTA

Folate (ng/ml) 5.7 >5.9 8 PSM

Heparin-induced thrombocytopenia (HIT) 
panel

Negative/0.122 Negative £0.499 9 PSM

Negative/0.093 34 PSM

Hepatitis B Negative/0.88 Negative £999.99 10 PSM

HIV antigen/antibody, HIV OD Negative Negative 25

Prothrombin time (s) 14.7* 9.4-12.5 7 PSM

15.3* 9 PSM

13.5* 12 PSM

13.0* 37 PSM

Ristocetin cofactor (%) 379* 46-196 31 PSM

von Willebrand factor antigen (%) 232 53-270 31 PSM

Vitamin B12 (pg/ml) 1474 180-914 8 PSM

Table 1. Laboratory values.

* Abnormal. PSM – polysulfone membrane; CTA – cellulose triacetate membrane; NA – not applicable.
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(Nipro Medical Corporation, Bridgewater, NJ) starting on hos-
pital day 40. The patient received 3 dialysis treatments over 
the next week with this new membrane, over which time his 
platelet count rose to 120×103/μL with resolution of the dial-
ysis-induced fall in platelet count. After discharge, the patient 
continued to receive outpatient hemodialysis 3 times weekly 
with cellulose triacetate dialysis membranes. His platelet count 
was 175×103/μL measured 22 days after discharge.

Discussion

Thrombocytopenia is common in hospitalized patients. Among 
critically ill patients, 46.5% have at least 1 documented plate-
let count of less than 150×103/μL, while 23.9% have persis-
tent thrombocytopenia [6]. Thrombocytopenia can occur from 
platelet underproduction, increased destruction of platelets, 
or platelet sequestration. Platelet underproduction can result 
from bone marrow processes, liver failure, and medications. 
Platelet destruction can occur with immune thrombocytopenic 
purpura, thrombotic thrombocytopenic purpura, or dissemi-
nated intravascular coagulation. None of these entities were 
seen in this patient.

We suspected dialyzer membrane-associated thrombocytope-
nia in our patient because of the strong correlation between 
changes in platelet count and dialysis treatments and through 
the elimination of other potential causes. Our patient, as well 
as patients in previous reports, showed variable recovery in 
platelet count between dialysis treatments. Some previous re-
ports of polysulfone membrane-induced thrombocytopenia ob-
served a return to baseline levels in platelet count in the in-
terdialytic period [4], while others did not [7]. Our case report 

describes in detail the relationship between dialysis treat-
ments with polysulfone membranes and platelet count in a 
patient over his first 30 days of dialysis. This case shows for 
the first time that the platelet count response to these mem-
branes can be highly variable. Our patient’s platelet count fell 
dramatically with some treatments and then recovered to nor-
mal baseline levels, while with other sessions there was lit-
tle change in platelet count either before and after dialysis or 
within the period between dialyses. As such, it may be diffi-
cult to appreciate polysulfone membrane-induced thrombocy-
topenia when the relationship between platelet count and di-
alysis is examined over a short time frame, particularly once 
polysulfone membrane-induced thrombocytopenia is estab-
lished. Therefore, polysulfone membrane-induced thrombo-
cytopenia should be considered in thrombocytopenic dialysis 
patients even in the absence of a consistent change in plate-
let count with these treatments.

A dialysis-induced fall in platelet count is a well-known com-
plication of renal replacement therapy, although this decline 
is generally small. Typically, platelet counts fall during the first 
hour of dialysis and then return to baseline values by the end 
of the treatment [5]. However, isolated case reports observed 
more than a 50% decline in platelet count following hemo-
dialysis with polysulfone membranes, which resulted in sig-
nificant thrombocytopenia with platelet counts falling below 
100×103/μL [7]. While the thrombocytopenia observed with 
older cuprophane membranes was attributed to complement 
activation, polysulfone membranes produce little complement 
response [7].

The fall in platelet count observed following intermittent he-
modialysis with polysulfone membranes is generally less 

Figure 1. �Effect of dialysis on platelet count. The patient’s platelet counts during his hospitalization are shown. The dashed vertical 
lines show the midpoint of each dialysis treatment. The closed boxes indicate dialyses with polysulfone membranes, whereas 
the open boxes indicate treatments with cellulose triacetate membranes.
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than 5% [5]. However, Liu et al [8] observed platelet count to 
be ~20% lower 12 h after initiation of continuous veno-venous 
hemofiltration (CVVH) with polysulfone membranes relative to 
pretreatment levels. Risk factors for the dialysis-induced throm-
bocytopenia observed with electron beam-sterilized polysul-
fone membranes include advanced age, primary kidney dis-
ease, and lower predialysis platelet and white counts [9]. Of 
these, our patient’s only risk factor was advanced age.

The mechanism responsible for polysulfone-induced thrombo-
cytopenia is unknown. The fall in platelet count seen with poly-
sulfone membranes has been attributed to platelet activation, 
rather than complement activation, with an ensuing increase in 
thrombin-antithrombin complexes, which increases platelet con-
sumption [7]. The platelet consumption seen with these mem-
branes has been attributed to the electron beam sterilization 
process [9], subtle differences in membrane geometry or com-
position that exist among dialyzers from various manufactur-
ers [5], endotoxins introduced during dialysis, or idiosyncratic 
reactions [10]. This thrombocytopenia is seen less often with 
dialyzer reuse [11]. Some [7,12], but not all [13], reported cases 
of Fresinius Optiflux Polysulfone membrane-associated throm-
bocytopenia resolved with the use of polysulfone membranes 
not sterilized with an electron beam. Nonetheless, a study of 
1706 Canadian hemodialysis patients revealed a strong corre-
lation between electron beam sterilization and dialysis-induced 
thrombocytopenia [9]. Moreover, the polysulfone membrane-
induced thrombocytopenia resolved in some patients [7], but 
not all [13], with substitution of a polysulfone membrane with 
slightly different chemical composition from another manufac-
turer. As such, the fall in platelet count that can occur with the 
use of polysulfone membranes does not always respond to sub-
stitution with a polysulfone membrane with a slightly different 
chemical composition from another manufacturer or one that 
has not been sterilized with an electron beam.

Because polysulfone membrane-induced thrombocytopenia 
likely has many causes, how it should be treated is unclear. 
Case reports show more consistent resolution of the throm-
bocytopenia, however, when the substituting dialyzer is not 
composed of polysulfone. These reports have observed reso-
lution of polysulfone membrane-induced thrombocytopenia 
following substitution with a Baxter cellulose triacetate excel-
tra 210 membrane [4]; an alkyl ether polymer-grafted cellu-
lose membrane [13]; or an ethylene vinyl alcohol, polymethyl 

methacrylate, or polyester polymer alloy membrane [14]. We 
conclude that resolution of the polysulfone membrane-induced 
thrombocytopenia is more likely when the membrane is sub-
stituted with one of completely different composition that is 
not electron beam sterilized.

Platelet activation and the subsequent fall in platelet count 
are less common with cellulose than with polysulfone dialy-
sis membranes [4]. Liu et al [8] measured platelet activation 
and platelet count in 96 Intensive Care Unit patients receiv-
ing CVVH. While these authors observed platelet activation 
and an 18% fall in platelet count in the patients undergoing 
CVVH with polysulfone dialyzers, they did not see platelet ac-
tivation or a change in platelet count in those receiving CVVH 
with cellulose triacetate membranes. Thus, dialysis-induced 
thrombocytopenia is absent or very rare with cellulose triac-
etate membranes.

We conclude that once polysulfone membrane-induced throm-
bocytopenia is recognized, substitution with a cellulose triace-
tate dialyzer is a good first option. First, platelet activation is 
much lower with this membrane class. Second, cellulose tri-
acetate membranes are sterilized without an electron beam. 
Third, cellulose triacetate and polysulfone membranes are 
chemically unrelated, and fourth, cellulose membranes are 
relatively inexpensive.

Conclusions

We report polysulfone dialysis membrane-induced thrombocy-
topenia, which resolved with cellulose triacetate dialyzer sub-
stitution. The etiology of thrombocytopenia induced by poly-
sulfone membrane is unclear, but substituting this membrane 
with a cellulose triacetate dialyzer is a reasonable first step in 
treating this disorder.
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