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Abstract Idiopathic sudden hearing loss (ISHL) has

been suggested to precipitate as final common pathway of

microcirculatory impairment of the inner ear associated

with a variety of etiologies and characterized by a local

hyperviscosity syndrome in cochlear vessels. Therefore,

we investigated the effect of Rheopheresis, a method of

therapeutic apheresis reducing plasma viscosity and

improving microcirculation on hearing recovery. Patients

were randomly assigned to receive two Rheopheresis

treatments, or treatment according to current German

guidelines consisting either of i.v. corticosteroids (meth-

ylprednisolon 250 mg for 3 days and subsequent oral

dosing with tapering to zero) or i.v. hemodilution

(500 mL 6% hydroxyethyl starch plus 600 mg pentoxif-

ylline per day), each applied for 10 days. The primary

outcome parameter was absolute recovery of hearing as

measured by pure tone audiometry 10 days after the start

of treatment. Secondary outcomes were recovery of

hearing at day 42, the improvement of speech audiometry,

tinnitus and feeling of pressure and the frequency of

adverse events. In total, 240 patients with sudden hearing

loss were enrolled from otorhinolaryngological depart-

ments at hospitals as well as out-patient clinics in

Germany. Analysis was performed for the intention-to-

treat as well as per protocol population. Mean absolute

recovery of hearing on day 10 within the intention-to-treat

population (ITT, n = 193) was 23.95 dB (SD 15.05) in

the Rheopheresis group and 24.29 dB (SD 15.48) in the

control group. Equal efficacy of Rheopheresis and tested

standard treatments was demonstrated (P = 0.00056).

Single Rheopheresis led to a higher recovery of hearing

after 48 h in patients with high plasma viscosity

([1.8 mPas s; P = 0.029) or high total protein ([74 g/

dL; P = 0.02). However, an overall good recovery of

ISHL was observed with none of the tested therapies

being superior regarding the primary outcome parameter.

Improvement of health-related quality of life as docu-

mented by the SF36 was higher in the Rheopheresis

group, exhibiting a significant difference for the physical

summary scale at the final follow-up at day 42

(P = 0.006). In conclusion, Rheopheresis proved to be an

effective treatment option within the ENT armamentarium

for ISHL. Two Rheopheresis treatments within 3 days

lasting for about 2 h each could be used to replace a 10-

day infusion regimen, especially in patients who desire

fast recovery from acute hearing loss. Also, this may be a

second line treatment option for patients refractory to i.v.

corticosteroids or hemodilution.
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Introduction

Investigations on idiopathic sudden hearing loss (ISHL)

have yielded a wide range of evidence over the last few
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decades regarding underlying etiologies, pathogenic

mechanisms, and therapeutic approaches [1–7]. Prognostic

evaluation for the individual patient remains to be difficult

due to the variety of etiologies [8–10]. Vascular patho-

genesis of ISHL has been discussed in numerous studies,

most of them arguing that the suddenness of the event and

the anatomical architecture of the cochlear vasculature,

with the labyrinthine artery being a functional end artery,

represent a vulnerable microcirculatory environment very

likely to be affected by vascular events as final common

pathway [11, 12] (see Fig. 1). Some authors suggested

thrombophilic vascular involvement in the pathogenesis of

ISHL and recommended that all patients should undergo a

comprehensive hematologic investigation of inherited and

acquired prothrombotic factors [13]. In particular, these

factors might be correlated with a high risk of recurring

hearing loss. A hypercoaguable state has been proposed to

be involved in the suggested local hyperviscosity syn-

drome, causing an impairment of cochlear microcirculation

[14, 15]. Altered blood flow characteristics, a reduction of

arterial or venous blood flow, impaired local vascular

regulation or changes in the texture of the vessel wall

represent pathogenic mechanisms for ISHL in this context

[16, 17]. Autoimmune diseases and virus infections were

also discussed as underlying etiologies of ISHL in recent

years [18].

These various etiologies are assumed to lead to a final

common pathophysiologic pathway ultimately impairing

cochlear blood flow, and reducing it to a level insufficient

to maintain cochlear function. Maass [17] pointed out that

elevated blood viscosity and coagulability due to an

increase in high-molecular weight proteins is a likely

pathogenic factor of ISHL. Full blood and plasma viscosity

have been shown to correlate with the extent of hearing

loss in ISHL [19]. Fibrinogen as a major determinator of

plasma viscosity in particular is related to ISHL [20].

Higher levels of fibrinogen or cholesterol were related to

improved hearing recovery in ISHL patients after treatment

with fibrinogen–LDL-apheresis, covering Rheopheresis

and HELP-apheresis (heparin-induced extracorporeal LDL

precipitation) for the indication of ISHL [21]. Rheopheresis

treatment simultaneously eliminates an exactly defined

spectrum of high-molecular weight ([50 kDa), rheologi-

cally relevant plasma proteins (i.e., alpha-2-macroglobulin,

fibrinogen, LDL-cholesterol, von Willebrand factor (vWF),

IgM, fibronectin, and putatively multimeric vitronectin)

[22, 23]. HELP-apheresis originally was developed for

extracorporeal treatment of severe hypercholesterolemia

but additionally eliminates fibrinogen and a broad spectrum

of clotting factors and coagulation regulators [24]. Also

positive effects of pharmaceutical defibrinogenation ther-

apy are in accord with these considerations [25].

In this study Rheopheresis was compared to current

standard treatments with corticosteroids and hemodilution,

respectively, in a prospective, randomized, controlled study

design. Treatment of ISHL with systemic steroids and he-

modilution using hydroxyethyl starch represent

cornerstones of current therapy regimens in Northern

American and European countries, although a final con-

sensus on efficacy remains to be concluded [26, 27].

Rheopheresis has been shown to lower full blood and

plasma viscosity, as well as platelet aggregation by elimi-

nation of high-molecular weight proteins, effectively, using

a double-filtration process [22]. Improvement of cochlear

perfusion and microcirculation on a functional level can be

hypothesized to be the result of this therapeutic approach.

Methods

Patients, treatments, and investigations

Patients were recruited consecutively starting in the year

2000 and lasting approx. 5 years from otorhinolaryngo-

logical departments at hospitals (n = 6, with three

university hospitals), as well as out-patient clinics and

practices (n = 36) in Germany sending the patients to a

total of 18 nephrological departments at hospitals (n = 6,

with three university department) and out-patient clinics

and practices (n = 12) being experienced in performing

ambulatory therapeutic apheresis in particular double fil-

tration plasmapheresis on a routine basis. Patients were

allocated to either Rheopheresis treatment group or to one

of the standard control groups, corticosteroids or hemodi-

lution. Rheopheresis treatment consisted of two sessions

performed within 2–3 days at the locally cooperating

apheresis center. In case the patient achieved a remission

after the first Rheopheresis the second treatment was

omitted. Corticosteroids as well as hemodilution wereFig. 1 Extracorporeal circuit of Rheopheresis
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applied during a 10-day out-patient infusion therapy at the

discretion of the investigator (methylprednisolone i.v.

250 mg/day for 3 days, followed by an oral tapering to 0

over 7 days or hydroxyethyl starch 6% 500 mL/day plus

pentoxifylline 600 mg/day for 10 days, respectively).

Within the study group there was a consensus not to

include a sham-apheresis placebo group due to the general

expectation of ISHL patients in Germany to receive an

active treatment. A placebo control group would have

created an insuperable hurdle for enrolling patients.

One individual randomization list for each center with a

block size of six was generated, that was not disclosed to

the investigators. Whenever a patient was eligible for

inclusion into the trial and had signed the informed consent

document, the study sites contacted the office of the prin-

ciple investigator, who provided the patient assignment to

Rheopheresis or control group, (i.e., either corticosteroids

or hemodilution treatment) according to the sequence of

the randomization list as prepared by the statisticians.

All patients were examined by the otorhinolaryngolog-

ical investigator at study sites to validate inclusion criteria

before enrollment. During the course of the study the

otorhinolaryngologist examined the patient and conducted

pure tone audiograms on day 1, 2, 5, 10, and 42 (follow-

up). Speech discrimination was recorded on day 1, 5, 10,

and 42 using the Freiburger speech discrimination test

(DIN 45621; monosyllabic numbers, [28]). Following a

modified recommendation of German guidelines for the

treatment of ISHL [29] advising against this speech dis-

crimination test in early ISHL, it was not carried out

anymore after interim analysis. A nephrologist before

randomization examined patients regarding general exclu-

sion criteria. Concomitant symptoms of ISHL tinnitus and

feeling of pressure, medication, and medical history were

documented prior to the first treatment. Subsequent chan-

ges were documented at the respective visit. All patients

documented subjectively perceived health-related quality

of life at the initial visit and days 10 and 42 using the

standardized SF36 questionnaire. Patients and investigators

were not blinded due to the considerable differences

between treatment modalities. Prior to the commencement

of the study, ethical approval had been obtained for every

study site and notification was done to the appropriate

federal state and institutional authorities. Each participant

gave written informed consent before initiation of any

study-related activities.

Inclusion and exclusion criteria for patients

Patients aged 18–75 whose symptoms had started less than

7 days prior to the first treatment were included and ran-

domized into one of the treatment arms. ISHL was defined

as a sudden loss of at least 30 dB in two frequencies of the

main speech range (250–4,000 Hz) compared to the unaf-

fected ear or previously recorded pure tone audiograms of

the affected ear. The frequencies 250, 500, 1,000, 1,500,

2,000, 3,000, and 4,000 Hz were tested. The threshold of

hearing loss was changed from 30 to 20 dB by an

amendment after interim analysis at the beginning of the

second part of the study due to very slow patient enroll-

ment. It was a requirement that hearing of the contra-lateral

ear was not compromised. Patients were not included if

they met any of the following otologic exclusion criteria:

pre- or post-cochlear damage (i.e., hearing loss due to

causes in the external ear canal and/or the middle ear or

hearing loss due to pathologies involving the acoustic

nerve and central structures), evidence of an acute viral or

bacterial infection, complete deafness (by definition: pan-

tonal hearing loss[80 dB), bilateral acute hearing loss, the

presence of Menière’s Disease (inner ear disorder that can

affect both hearing and balance with episodes of vertigo,

hearing loss, tinnitus, and the sensation of fullness in the

ear), or recurrence of an anamnestically pre-existing acute

hearing loss during the past 12 months. Any type of

intravenous pre-treatment with the purpose of improving

acute hearing loss (i.e., HES or other plasma expanders,

steroids, and vasodilators) was not permitted. For oral pre-

treatment low-dose acetylsalicylic acid, pentoxifyllin, na-

ftdrofuryl, low-dose oral steroid (methyl-prednisolone

\20 mg/day) for up to 3 days prior to the start of study

treatment was allowed. Treatment with ototoxic medica-

tions (e.g., acetylsalicylic acid [500 mg/day, amino

glycosides, high-dose furosemide, cytostatic drugs) within

the past 14 days was not permitted. Furthermore, the fol-

lowing general exclusion criteria were defined mainly

representing general aspects for the performance of out-

patient therapeutic apheresis: anemia, hemorrhagic diath-

esis, coagulopathy, unstable hemodynamics which did not

allow the use of extracorporeal circulation (unstable angina

pectoris, coronary heart disease in stage CCS III–IV,

chronic heart failure in stage NYHA III–IV, symptomatic

arrhythmia), hypotonia with systolic blood pressure below

100 mmHg, severe kidney or liver malfunctions, chronic

viral infections (e.g., hepatitis B or C, HIV), pregnancy in

women of childbearing age, lactating women, epilepsy,

psychosis or dementia, manifest malignant disease, alcohol

or drug abuse, nicotine abuse ([20 cigarettes/day),

simultaneous participation in another clinical investigation,

vein conditions which did not allow peripheral venous

access for performing Rheopheresis, therapy with antico-

agulant medications (e.g., heparin s.c. for thrombosis

prophylaxis or coumarin preparations), and patients with

anamnestically known heparin-induced thrombocytopenia.

Standard exclusion criteria for the administration of

glucocorticoids were gastro-intestinal ulcers, severe

osteoporosis, infections with pathogenic germs, time period
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of up to 4 weeks following prophylactic immunizations,

narrow-angle and wide-angle glaucoma, insufficiently

controlled diabetes mellitus, and proven tuberculosis

within the past 2 years.

Rheopheresis treatment

Rheopheresis is an application of double filtration plas-

mapheresis (DFPP) specifically designed to treat

microcirculatory disorders using a polyethylene mem-

brane plasma separator and a Rheofilter for plasma

filtration in combination with an appropriately controlled

pump technology as described below. One Rheopheresis

treatment simultaneously eliminates an exactly defined

spectrum of high-molecular weight ([50 kDa), rheologi-

cally relevant plasma proteins [22, 23]. Rheopheresis was

performed ambulatory at the treatment centers using the

Octo Nova device (SW 4.27) combined with Octo Therm

heating system and tubing system MF-430 (Diamed

Medizintechnik, Cologne, Germany). Plasma was sepa-

rated with the polyethylene plasma filter OP-05 W

(Asahi Kasei Kuraray Medical, Tokyo, Japan) with a

continuous blood flow of 60-90 mL/min. Blood cells

were directly returned to the patient. Elimination of

plasma proteins was achieved with plasma filtration using

the Rheofilter (effective surface of 1.7 m2; Asahi Kasei

Kuraray Medical, Tokyo, Japan) with a plasma flow of

10–30 mL/min. Vascular access was established by

puncture of peripheral cubital or forearm veins. Target

was to treat 100% of patients’ plasma volume per Rhe-

opheresis session. Anticoagulation was performed with

unfractionated heparin (upto 5,000 IE initial bolus fol-

lowed by 1,000–2,500 IE/h continuously). Foreign blood

or plasma components were not substituted with the

procedure. The complete set for Rheopheresis consists

solely of disposable products. Both the Rheofilter and the

plasma separator Plasmaflo OP-05 are CE-certified in

accordance with European regulations for medical

devices. Rheopheresis is a trademark of Diamed Medi-

zintechnik, Cologne, Germany.

Study design and statistical analysis

The primary outcome parameter was the absolute recovery

of hearing in dB as determined by the pure tone audiogram

conducted upon the final examination on day 10 in com-

parison to the initial examination. Remission was defined

as a hearing recovery to ±5 dB in comparison to the

contra-lateral, presumably unaffected ear, considering the

age-related thresholds for the contra-lateral ear. Recovery

meant a threshold that was in the average of all affected

frequencies not more than 5 dB less than that of the

unaffected side (regarding these frequencies). Secondary

endpoints were defined as the absolute recovery of hearing

on days 2, 5, and 42. Furthermore, relative recovery of

hearing and the recovery from concomitant symptoms such

as tinnitus and the feeling of pressure in the affected ear on

days 2, 5, 10, and 42. Recovery of speech perception was

measured on days 5, 10, and 42.

The relative recovery of hearing was calculated as a

quotient from the absolute recovery of hearing at the par-

ticular time of interest and the absolute hearing loss at the

initial examination. As Rheopheresis was compared to two

standard treatment options—corticosteroids and hemodi-

lution—the absolute and relative recovery of hearing also

were analyzed separately for each group.

A two-step sequential adaptative analysis was chosen

for the study, with a one-sided level a = 0.05, based on a

Pocock design with adapted critical levels of a = 0.031.

This statistical approach was chosen with respect to the,

at the time of the design of the trial, unknown effect size

of this new therapeutic procedure. The adaptive design

was chosen to reserve more statistical power for the final

test. Analysis of the pooled data without alpha-correction

was performed by a weighted two-way variance t test. An

interim analysis was performed after inclusion of the first

60 patients, referred to as part I (Rheopheresis: 30

patients; corticosteroids and hemodilution: 30 patients).

Assuming non-inferiority of rheopheresis to be investi-

gated, the necessary sample size for part I of the study

was estimated to be 60. The threshold of non-inferiority

was defined as 8 dB. In the event of significance, the

study would have been discontinued with a positive

result. Thus, the power in part I amounts to 1 - b = 0.8

assuming a standardized difference D/d = 1. Based on the

results of the interim analysis, further 180 patients were to

be enrolled into the study, referred to as part II, until the

recalculated final sample size of 240 participants was

reached. The P values of both parts I and II were com-

bined with the inverse-normal method and likewise

assessed on the basis of a = 0.031. Patients who fulfilled

the inclusion criteria for initial hearing loss, received

therapy, and have documented at least one follow-up

observation of the primary outcome were analyzed within

the intention-to-treat (ITT) population. Patients who

met all inclusion criteria and have documented all follow-

up observations of the primary outcome were analyzed

within the per protocol (PP) population. Missing values

were replaced with a last-value option. The study flow

chart is depicted in Fig. 2.

Raw data lists were made from all recorded data. The

data were portrayed descriptively and statistically by suit-

able statistical variables of central tendency (mean value,

median), dispersion (standard deviation, quartile, minima

and maxima) or frequencies, divided according to mea-

suring time points.
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Results

In total, 240 patients were enrolled in this prospective,

multicenter, randomized, controlled clinical trial. A total of

222 patients could be assessed for safety, 193 as ITT (107

male, 86 female, mean age 45.3 years) and 161 as PP pop-

ulation. Almost all patients randomized to the Rheopheresis

group received two treatments with a mean number of 1.96

and a mean treatment volume of 2,800 mL per session.

Demographic and baseline characteristics are described in

Table 1. Analysis of the ITT population regarding the

primary outcome with respect to equal efficacy of Rhe-

opheresis revealed no significant difference. The primary

outcome calculated and analyzed within the PP population

also demonstrated equal efficacy of Rheopheresis compared

to standard treatment (intravenous hemodilution or corti-

costeroids) with respect to the absolute recovery of hearing

after a full course of therapy on day 10 (P = 0.00056). In

part I, n1 = 57 patients were included in the PP set. The one-

sided P value of the primary endpoint in part I was

p1 = 0.0035. In part II, n2 = 104 patients were included in

the PP set. No significant differences between parts I and II

could be detected for any study visit, proving poolability of

all patients for final analysis. The one-sided P value of the

primary endpoint in part II was p2 = 0.014. According to

the U-1-rule, the combined p-value was /
U�1ðp1Þ
� �

þ U�1ðp2Þ
� �� ffiffiffi

2
p� �

¼ 0:00056. This was smal-

ler than the critical Pocock adjusted a = 0.031. Therefore,

the null hypothesis stating Rheopheresis to be the inferior

therapy, could be rejected with a one-sided level a = 0.05 in

this trial. All further final analyses were carried out within

the ITT population. A slight numeric difference in the

absolute recovery of hearing was observed at day 2 in favor

of Rheopheresis in the ITT population with patients having

regained more of their hearing loss compared to standard

treatment (mean difference 2.57 dB). However, this differ-

ence was not statistically significant and was not maintained

at later visits (see Fig. 3). Relative recovery of hearing

within the ITT population in the control group was 77 versus

76% for the Rheopheresis group at day 10 and 86 versus

82% at day 42 without a significant difference (Table 2).

Comparison of initial loss and recovery of hearing of the

Rheopheresis group with the hemodilution group, the cor-

ticosteroid group, and the pooled control group

(hemodilution ? corticosteroids), respectively, did not

reveal significant differences within the final analysis.

Comparison of both control groups showed a significantly

higher initial loss and recovery of hearing in the HES

control group. The presence of these two control groups in

this trial is related to a change of German guidelines for the

treatment of ISHL [29] and, in consequence, a changed

standard of care. In the beginning of the trial, this standard

consisted of an in-hospital treatment with hemodilution

therapy. This changed to an out-patient therapy using either

i.v. prednisolone or hemodilution at the discretion of the

physician with steroids being more in favor. Consequently,

patients who were randomized to the control group in the

first part of this study were exclusively treated with he-

modilution, while in the second part mainly steroids were

applied. Additionally, the threshold of hearing loss in the

inclusion criteria was changed from 30 to 20 dB at the

beginning of the second part of the study due to very slow

patient enrollment. This led to an inclusion of patients

meeting all the inclusion criteria but with less pronounced

ISHL. In summary, this resulted in a certain disparity of the

initial loss of hearing in the control group and a higher

overall recovery within the hemodilution group. However,

no significant differences were found when analyzing the

relative recovery of hearing at both days 10 and 42. When

analyzing subgroups of patients with severe initial loss of

hearing ([40 dB in at least two frequencies), no significant

differences could be found in the absolute recovery of

hearing. Patients whose hearing loss did not improve

beyond a hearing gain of 5 dB, or whose hearing loss

worsened were also less likely to recover from tinnitus

either.

No statistically significant differences were found

between the Rheopheresis and the control group regarding

Fig. 2 Flowchart of patient randomization into Rheopheresis or

control group, treatment and analysis. Patient numbers represent

patients pooled from parts I and II of the trial
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recovery of speech perception and the recovery from

concomitant symptoms such as tinnitus and the feeling of

pressure in the affected ear. Rheopheresis led to faster

recovery, whereby a larger proportion had recovered from

tinnitus and from the feeling of pressure at day 10 com-

pared to the control group (Table 2). Remission was

defined as loss of hearing B5 dB compared to the contra-

lateral, healthy ear. Proportions of patients in the control

and Rheopheresis groups, who could be classified as ‘‘in

remission’’ according to this very tight definition at both

days 10 and 42 were 47 versus 36% and 52 versus 47%

within the ITT population. None of these differences were

statistically significant.

Rheopheresis led to an efficient reduction of hemorhe-

ological parameters. Comparison of pre- and post-apheresis

values of fibrinogen, LDL-cholesterol, and a2-macroglob-

ulin showed a significant decrease. When analyzing

subgroups separated by the median of cholesterol, LDL-

cholesterol and fibrinogen with respect to their absolute

recovery of hearing and speech perception did not yield

significant differences. However, patients with high plasma

viscosity ([1.8 mPas s; P = 0.029) or high normal range

of total plasma protein ([74 g/dl; P = 0.02) had recovered

significantly more from their lost hearing after the first

Rheopheresis on day 2. Absolute recovery of hearing was

still higher on days 10 and 42, but no longer statistically

significant.

In terms of health-related quality of life, a statistically

significant difference in favor of Rheopheresis could be

found with respect to the physical health main scale at day

42, at which time point the Rheopheresis group scored

Table 1 Baseline characteristics of Rheopheresis group and control group

Parameters Rheopheresis (n = 94) Control group (n = 99) P value Total (n = 193)

Gender 0.111**

Male 58 (61.7%) 49 (49.5%) 107 5.4%)

Female 36 (38.3%) 50 (50.5%) 86 (44.6%)

Age (years) 45.9 ± 13.1 44.9 ± 13.9 0.613* 45.3 ± 13.5

Absolute hearing loss (dB) 35.0 ± 15.8 32.7 ± 13.9 0.278* 33.8 ± 14.9

Affected ear 0.319**

Right 57 (60.4%) 53 (53.5%) 110 7.0%)

Left 37 (39.6%) 46 (46.5%) 83 (43.1%)

Concomitant symptoms

Tinnitus 48 (51.1%) 52 (52.5%) 1.000** 100 1.8%)

Feeling of pressure 51 (54.3%) 56 (56.6%) 0.747** 107 (55.4%)

Hematocrit (%) 42.7 ± 3.7 (n = 89) 42.9 ± 3.4 (n = 92) 0.642* 42.8 ± 3.5 (n = 181)

Cholesterol (mg/dl) 201.8 ± 51.0 (n = 76) 205.9 ± 46.8 (n = 75) 0.613* 203.8 ± 48.9 (n = 151)

LDL–cholesterol (mg/dl) 129.0 ± 42.7 (n = 81) 123.8 ± 37.5 (n = 83) 0.413* 126.3 ± 40.1 (n = 164)

Fibrinogen (g/l) 3.2 ± 0.8 (n = 81) 3.1 ± 0.9 (n = 85) 0.707* 3.1 ± 0.9 (n = 166)

a-Macroglobulin (mg/dl) 1.3 ± 0.5 (n = 31) 1.4 ± 0.5 (n = 21) 0.627* 2.1 ± 1.4 (n = 133)

Plasma viscosity (mPas s) 1.7 ± 0.5 (n = 7) 1.6 ± 0.5 (n = 16) 0.209* 2.4 ± 2.8 (n = 33)

Data are reported as mean ± SD. (n) only if n differs from line one; or as n (proportion) for categorical variables

* Two-tailed t test

** Pearson’s Chi-square

Fig. 3 Comparison of absolute recovery of hearing (dB) at visits 3, 4,

5, and 6 (days 2, 5, 10, and 42, respectively) of Rheopheresis group

and control group

948 Eur Arch Otorhinolaryngol (2009) 266:943–953

123



T
a

b
le

2
E

ffi
ca

cy
re

su
lt

s

P
ar

am
et

er
s

R
h

eo
p

h
er

es
is

(n
=

9
4

)

C
o

n
tr

o
l

g
ro

u
p

(n
=

9
9

)

P
v

al
u

e
H

em
o

d
il

u
ti

o
n

(n
=

5
9

)

P
v

al
u

ea
S

te
ro

id
s

(n
=

4
0

)

P
v

al
u

ea
P

v
al

u
eb

T
o

ta
l

(n
=

1
9

3
)

A
b

so
lu

te
re

co
v

er
y

o
f

h
ea

ri
n

g

(d
B

)
d

ay
1

0

2
4

.0
±

1
5

.1
2

4
.3

±
1

5
.5

0
.8

7
7

*
2

7
.3

±
1

6
.9

0
.1

9
8

*
1

9
.8

±
1

2
.0

0
.1

2
4

*
0

.0
1

1
*

2
6

.2
±

1
5

.2

A
b

so
lu

te
re

co
v

er
y

o
f

h
ea

ri
n

g

(d
B

)
d

ay
4

2

2
6

.0
±

1
5

.3
2

6
.4

±
1

5
.2

0
.8

4
4

*
3

0
.0

±
1

5
.4

0
.1

1
8

*
2

1
.1

±
1

3
.3

0
.0

8
5

*
0

.0
0

4
*

2
4

.1
±

1
5

.2

R
el

at
iv

e
re

co
v

er
y

o
f

h
ea

ri
n

g

(d
B

)
d

ay
1

0

7
6

%
±

4
7

%
7

7
%

±
3

8
%

0
.9

0
6

*
7

5
%

±
3

6
%

0
.7

9
5

*
8

1
%

±
4

2
%

0
.6

1
1

*
0

.4
3

8
*

7
7

%
±

4
3

%

R
el

at
iv

e
re

co
v

er
y

o
f

h
ea

ri
n

g

(d
B

)
d

ay
4

2

8
2

%
±

4
5

%
8

6
%

±
4

2
%

0
.5

1
2

*
8

3
%

±
3

1
%

0
.8

9
6

*
9

1
%

±
5

5
%

0
.3

2
3

*
0

.3
9

3
*

8
4

%
±

4
4

%

R
ec

o
v

er
y

o
f

sp
ee

ch

d
is

cr
im

in
at

io
n

(d
B

)
d

ay
1

0

1
3

.3
±

9
.5

(n
=

2
9

)

1
5

.3
±

1
7

.8

(n
=

3
0

)

0
.5

8
4

*
1

9
.3

±
2

2
.1

(n
=

1
5

)

0
.3

2
5

*
1

1
.3

±
1

1
.6

(n
=

1
5

)

0
.5

5
3

*
0

.2
2

5
*

1
4

.3
±

1
4

.3

(n
=

5
9

)

R
ec

o
v

er
y

o
f

sp
ee

ch

d
is

cr
im

in
at

io
n

(d
B

)
d

ay
4

2

1
5

.4
±

8
.8

(n
=

2
7

)

1
6

.9
±

1
9

.1

(n
=

3
1

)

0
.6

8
4

*
2

3
.7

±
2

2
.8

(n
=

1
5

)

0
.1

9
4

*
1

0
.6

±
1

2
.5

(n
=

1
6

)

0
.1

5
1

*
0

.0
6

3
*

1
6

.2
±

1
5

.1

(n
=

5
8

)

C
o

n
co

m
it

an
t

sy
m

p
to

m
s

d
ay

1

W
it

h
/w

it
h

o
u

t
ti

n
n

it
u

s
4

8
/4

6
5

2
/4

7
0

.8
3

9
*

*
1

0
0

/9
3

W
it

h
/w

it
h

o
u

t
fe

el
in

g
o

f

p
re

ss
u

re

5
1

/4
3

5
6

/4
3

0
.7

4
8

*
*

1
0

7
/8

6

C
o

n
co

m
it

an
t

sy
m

p
to

m
s

d
ay

1
0

W
it

h
/w

it
h

o
u

t
ti

n
n

it
u

s
3

0
/6

4
3

1
/7

2
0

.9
2

9
*

*
1

6
/3

8
1

5
/3

4
0

.2
2

9
c

6
1

/1
3

6

W
it

h
/w

it
h

o
u

t
fe

el
in

g
o

f

p
re

ss
u

re

2
1

/6
2

2
5

/7
1

0
.6

3
6

*
*

1
2

/3
8

1
3

/3
3

0
.5

0
3

c
4

6
/1

3
3

A
b

so
lu

te
re

co
v

er
y

o
f

h
ea

ri
n

g

(d
B

)
d

ay
1

0
,

w
h

en
in

it
ia

l
lo

ss

[
4

0
d

B

2
7

.4
±

1
6

.9

(n
=

4
2

)

3
1

.3
±

1
7

.6

(n
=

4
5

)

0
.2

8
8

*

A
b

so
lu

te
re

co
v

er
y

o
f

h
ea

ri
n

g

(d
B

)
d

ay
4

2
,

w
h

en
in

it
ia

l
lo

ss

[
4

0
d

B

3
0

.3
±

1
7

.4

(n
=

4
2

)

3
3

.2
±

1
7

.8

(n
=

4
5

)

0
.4

3
6

*

D
at

a
ar

e
re

p
o

rt
ed

as
m

ea
n

±
S

D
(n

).
If

n
is

n
o

t
re

p
o

rt
ed

in
th

e
in

d
iv

id
u

al
ce

ll
,

it
is

as
st

at
ed

in
th

e
co

m
p

le
te

su
b

g
ro

u
p

(fi
rs

t
li

n
e)

*
T

w
o

-s
id

ed
t

te
st

*
*

C
h

i-
sq

u
ar

e
a

T
es

te
d

ag
ai

n
st

th
e

R
h

eo
p

h
er

es
is

g
ro

u
p

b
H

em
o

d
il

u
ti

o
n

co
m

p
ar

ed
to

st
er

o
id

s
c

P
ea

rs
o

n
’s

C
h

i-
S

q
u

ar
e

co
m

p
ar

in
g

al
l

th
re

e
g

ro
u

p
s

Eur Arch Otorhinolaryngol (2009) 266:943–953 949

123



higher (Fig. 4). Overall, Rheopheresis patients scored

higher on all subscales at day 42 (significantly so on the

bodily pain and physical role function subscale), indicating

a higher perceived quality of life regarding these aspects.

Within each treatment group, quality of life improved

significantly from the initial visit to day 42, and scores on

physical subscales in the Rheopheresis group at day 42

were higher compared to a large representative sample of

the German general population [30].

Safety was assessed by analyzing physical data, labo-

ratory results, and adverse events. Ten adverse events were

documented in total. Two of these adverse events were

marked as serious and consisted of nausea, vomiting and

the suspicion of cerebral or metabolically associated sei-

zures putatively caused by a severe allergic reaction,

occurring in one patient within the Rheopheresis group.

During the subsequent course the patient recovered com-

pletely and notably had remission of ISHL. A similar event

has never been observed with any Rheopheresis treatment

for any indication. Eight of the documented events, e.g.,

transient hypotension or dizziness, occurred in the Rhe-

opheresis group and two in the control group. No patterns

as to patient characteristics predisposing certain individuals

to adverse events or increased vulnerability among the

investigated patients could be identified. No particular

group of patients emerged from the safety evaluation as

being more at risk for experiencing adverse events. This

favorable safety profile was in accord with the experience

on fibrinogen–LDL-apheresis in another randomized trial

investigating an essentially identical ISHL patient popu-

lation [21].

Discussion

The German multicenter trial on Rheopheresis presented

here was one of the largest controlled prospective,

randomized multicenter trials successfully completed in the

field of ISHL. A recent comprehensive review of all ISHL

randomized controlled trials [2, 3] revealed only three

further studies with populations larger than 150 partici-

pants [21, 31, 32], with a mean of 76 enrolled patients for

all 20 analyzed trials. With this study there are now two

randomized controlled trials on fibrinogen–LDL-apheresis

including each more than 200 patients. Fibrinogen–LDL-

apheresis in this context of ISHL includes Rheopheresis

and HELP-apheresis [21–23].

The equal efficacy of Rheopheresis compared to two

modalities of standard ISHL treatment was proven with

statistical significance. In the final analysis advantages

could be observed in the areas of early recovery as previ-

ously reported for fibrinogen–LDL-apheresis [21] and

quality of life after 6 weeks. In conclusion, Rheopheresis is

a safe and highly effective treatment option. Patients with

high plasma viscosity or high normal range of total plasma

protein had a significantly higher benefit at day 2. Safety

and efficacy of fibrinogen–LDL-apheresis as a treatment

option for ISHL could be confirmed. Patients within the

control groups of this trial recovered very well confirming

efficacy of current standard treatments with i.v. hemodi-

lution or i.v. corticosteroids [5, 33]. Fibrinogen–LDL-

apheresis performed as HELP-apheresis and including the

above-mentioned randomized trial has been shown [20, 21]

to be equally effective to a treatment regimen consisting of

hydroxyethyl starch, pentoxifylline, and steroids. No dif-

ference could be shown for pure tone audiometry between

the apheresis group and the control group at day 42, which

is in complete accord with the results presented here.

Within the fibrinogen–LDL-apheresis group, patients

above the median of fibrinogen in this patient population

seemed to benefit more [21].

Comparing the pre- and post-interim analysis sections,

patients included in the second part of this study tended to

have a lower initial loss of hearing compared to partici-

pants in the first part of the study. A slight trend for

Rheopheresis being more effective compared to standard

treatment, as observed in the first part of the study, could

not be reproduced with the less severely affected ISHL

patients in the second part. Efficacy differences have been

leveled out. From a statistical point of view, it has been

argued that patients with an average hearing loss of at least

40–60 dB need to be included in studies intending to show

a difference between two effective treatments. This mea-

sure would allow for an average absolute hearing recovery

rate large enough to show a statistical difference [34].

The results of both controlled randomized clinical

studies on fibrinogen–LDL-apheresis indicate, that a group

of patients characterized by the common features of high

plasma viscosity, a high normal range of total plasma

protein, LDL–cholesterol, or fibrinogen has to be discussed

Fig. 4 Comparison of health-related quality of life (SF36) regarding

physical main scale (physical) and mental main scale (mental) at

visits 1 (initial), 5 (day 10) and 6 (day 42). Error bars indicate

standard deviation
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as a target for apheresis procedures, arguing that the

presence of (micro-) vascular risk factors determines to a

certain extent the benefit from Rheopheresis compared to

an non-stratified sample as recruited in this study [21, 22].

However, enrolling such a subgroup of patients would be a

very difficult task. Currently, plasma parameters can be

regarded as prognostic factors, proving the concept, but not

as markers for the individual patient to decide on the use of

fibrinogen–LDL-apheresis. As this study’s results were

analyzed with regard to serological parameters established

as (micro)-vascular risk factors (e.g., fibrinogen, choles-

terol, and LDL–cholesterol), and no significant differences

could be found, one could argue that further stratification

(e.g., age) is necessary in order to identify a subgroup of

patients likely to benefit from Rheopheresis. Conversely,

the question arises whether differences with regard to

recovery of hearing between the investigated treatments—

Rheopheresis, hemodilution, and corticosteroid infusions—

are large enough to be detected.

Rheopheresis treatments effect the immediate pulsed

reduction of plasma viscosity as well as whole blood vis-

cosity, which has been proven significantly in this trial. The

therapy can lead to a sustained microcirculatory recovery,

and may change significantly the natural course of acute

microcirculatory impairment [22, 35]. Microcirculation

also consists of rheological, functional, and structural

aspects and comprises the entire interactive network of the

blood vessel system with the surrounding tissue on the

cellular and molecular level. In addition to the vascular and

haemorheological effects of apheresis, recent pathogenetic

findings indicate a further putative mechanism of action.

The direct reduction of plasma cholesterol concentrations

could also result in a modulation of the perilymph com-

partment and the composition of outer hair cell (OHC)

membranes in particular the ratio of phospholipids to

cholesterol. In vitro experiments demonstrated that the

lateral wall of OHCs from guinea pig cochlea can incor-

porate water-soluble cholesterol and may interact with the

OHC’s membrane directly [35]. It is supposed that this may

lead to an increased stiffness of the cells and impair the

electro motile response of OHCs. The fast motility of the

OHCs, physiologically essential for cochlear amplification

of low sound intensities, could be disturbed by the

increased stiffness. Recent findings indicate that alterations

in membrane cholesterol also affect the function of 80-kDa

integral membrane protein prestin, a critical component of

OHC lateral wall essential for electro motility, and func-

tionally tune the outer hair cell [37]. Hyperlipidemia and

atherosclerosis can induce alterations in cochlear mor-

phology and function in mice [38]. Consequently, a pulsed

reduction of plasma lipoproteins by Rheopheresis might

result in an efflux of these molecules from OHC mem-

branes, leading to a decrease of stiffness and improved

electro motility. The potential interrelationship of plasma

and OHC membrane cholesterol being in a dynamic equi-

librium might be positively influenced by pulsed

Rheopheresis treatment [36–38].

Quality of life was documented to be higher at day 42 in

the Rheopheresis group, even compared to the German

normal population on physical health and quality of life

subscales. Whether this is related to Rheopheresis being

administered less often compared to daily infusions, or

subjectively perceived better improvement of hearing,

cannot be concluded from the SF36 data. Treatments

leading to accelerated recovery in combination with a

minimal number of therapeutic interventions like Rhe-

opheresis seemed to have a considerable effect on quality

of life. These criteria could provide additional information

when choosing the most appropriate treatment option.

However, as the ISHL population is very diverse,

certain subgroups might benefit more from Rheopheresis

than others. Further research needs to establish these

subgroups of ISHL patients. Up to date, fibrinogen–LDL-

apheresis has been shown to be equally effective com-

pared to standard polypragmatic infusion therapy of

patients for the indication of first onset ISHL in two large

controlled, randomized clinical trials, including this study,

and the trial conducted by Suckfüll et al. [21]. In patients

with recurrent ISHL, in particular if associated with

progressive and persisting severe hearing loss, standard

infusion therapy often results in unsatisfactory outcome.

Recent results of a retrospective analysis of 25 ISHL

patients showed that Rheopheresis could improve resto-

ration of hearing of recurring ISHL in patients refractory

to polypragmatic infusion therapy, while hearing loss

remained almost unchanged during standard therapy for

acute events, 68% of patients showed immediate

improvement or recovery of hearing after two consecutive

Rheopheresis treatments (S. Uygun-Kiehne, personal

communication).

In another recent retrospective case series fibrinogen–

LDL-apheresis achieved complete or partial remission in

54% of patients even after unsuccessful treatment with

another therapy [39]. Fibrinogen–LDL-apheresis namely

Rheopheresis in this trial has been established as an

effective treatment option for ISHL thus increasing the

therapeutic armamentarium also for patients refractory to

the first-line standard treatment. This treatment schedule

translates German ISHL guidelines into practice, proposing

fibrinogen-lowering treatments like fibrinogen–LDL-

apheresis as part of a multimodality approach.
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Teil 1: Ein-und mehrsilbige Wörter (1995) DIN 45621-2, Sprache
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