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Recent advances in immuno-
suppressive drug therapy and
surgical techniques have sig-
nificantly improved trans-

plantation outcomes for patients with se-
vere end-stage organ failure. Consequently,
the waiting list for allografts from cadaveric
donors, the largest source of organs for
transplantation, has been steadily increas-
ing (1). More patients in the United States
are waiting for organ transplants now than
at any time in the past; �90,000 patients

are currently registered through the United
Network for Organ Sharing (UNOS) (http://
www.optn.org). Increased demand for or-
gans has prompted consideration of donor
criteria previously deemed less suitable—
so-called extended or expanded donor cri-
teria (2, 3).

Traditional and expanded criteria rec-
ognize the potential for unfavorable or-
gan conditions that predispose the organ
to graft failure in the recipient. Unfavor-
able organs may result from donor age,

body size or sex mismatching, history of
smoking, and comorbid conditions such
as coronary or peripheral vascular dis-
ease, diabetes, and renal failure. In addi-
tion, hormonal, cardiovascular, and en-
docrine changes during the evolution of
brain death may further compromise po-
tentially transplantable organs and risk
delayed graft function or failure (4, 5).

Brain death often causes severe de-
rangements in regional perfusion, (6) due
to initial increased sympathetic neural
outflow (7) followed by subsequent auto-
nomic collapse (8), and is also associated
with a wide array of immunologic
changes (9, 10). Through numerous
mechanisms, brain death is associated
with a massive release of proinflamma-
tory cytokines, detectable both in blood
(10–12) and transplantable organs (13,
14). Furthermore, this increased inflam-
matory response has been associated with
poor allograft function, particularly in
the heart (15–18). Although controver-
sial, substitution of hormones antagoniz-
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ing proinflammatory cytokine effects, in-
cluding corticosteroids (19), triiodothyronine
(20–22), and arginine vasopressin (23),
may be beneficial in maintaining donor
heart function after brain death. How-
ever, these drugs have other potentially
important effects on organ function,
making a causal connection between cy-
tokine antagonism and outcome difficult.
Immune modulating drugs also have nu-
merous side effects and may, therefore,
further injure target organs.

Unlike drugs, blood purification using
hemofiltration or hemoadsorption may
be an ideal method to modulate the im-
mune response in brain-dead donors
(24). We have previously tested CytoSorb,
an adsorption-based cytokine removal de-
vice, in vitro (25) and in animals with
sepsis (26) and have demonstrated signif-
icant cytokine removal. We conducted
the present pilot study to test the feasi-
bility and effect of using CytoSorb in
brain-dead organ donors. Given the pre-
liminary nature of this investigation, we
chose to study brain-dead subjects who
were not suitable for organ donation.

METHODS

Sites and Subjects. We enrolled subjects at
two sites, the University of Pittsburgh Medical
Center, Pittsburgh, PA, and Memorial Her-
mann Hospital, Houston, TX. Study inclusion
criteria were: fulfilled brain-death criteria per
hospital policy and deemed not suitable for
organ donation by the local organ procure-
ment organization. Exclusion criteria were:
age of �16 yrs, inability to obtain informed
consent from subject’s authorized representa-
tive, enrolled in experimental protocols in
which cytokines are the therapeutic targets
(e.g., anti–tumor necrosis factor [TNF] anti-
bodies), receiving chemotherapy or diagnosed
with any disease state (e.g., AIDS) that has
produced leukopenia (white blood cell count
of �2), or receiving antileukocyte drugs. Or-
gan procurement organizations taking part in
the study were Center for Organ Recovery and
Education (CORE), Pittsburgh, PA, and Life-
Gift, Houston, TX. We obtained approval from
the University of Pittsburgh Committee for
Oversight of Research Involving the Dead (CO-
RID) and from the University of Texas Health
Science Center at Houston Committee for the
Protection of Human Subjects. Written in-
formed consent was obtained from family
members before enrollment.

Study Procedures. After enrollment, we
randomized all subjects to receive 4 hrs of
hemoadsorption using either a 300-mL or
500-mL CytoSorb cartridge (MedaSorb Tech-
nologies, Princeton, NJ). The active compo-
nent of the CytoSorb device consists of adsor-
bent polymer beads composed of porous

polymerized divinylbenzene. These beads have
pores that are appropriately sized to remove
cytokines. The polymer beads are encased in a
polycarbonate canister commonly used in
commercially available dialyzers. Randomiza-
tion was accomplished using sequentially
numbered, sealed envelopes. Hemoadsorption
was provided in an open-label, unblinded fash-
ion. We gathered detailed baseline and se-
quential clinical information using bedside as-
sessments and medical record abstraction. We
recorded data in a case report form, which was
double-key entered into a database. We ob-
tained blood for cytokine assays immediately
after enrollment and at each hour of treat-
ment. At the end of hours 1 and 4, we also
obtained blood from the inlet and outlet ports
of the CytoSorb device. All research and clin-
ical laboratory staff involved in data and sam-
ple collection were trained and audited
throughout the study. Subjects were enrolled
between July 2004 and September 2005.

Hemoadsorption Procedure. We primed
the CytoSorb cartridge at the bedside using 2
L of 0.9% saline. Vascular access was accom-
plished using a standard dialysis catheter (Ar-
row International, Reading, PA) placed in the
femoral vein, and we connected the catheter to
the CytoSorb device using standard dialysis
lines. Blood was pumped through the device
using a BM-11 blood pump (Baxter Health-
care, Deerfield, IL). We set initial blood flow at
150 mL/min. Blood flow was adjusted between
120 and 180 mL/min, depending on access
pressures. We used an infusion of unfraction-
ated heparin for anticoagulation, adjusting the
infusion to maintain an activated coagulation
time between 141 and 180 secs.

Cytokine Assays. We measured circulating
levels of TNF and interleukin (IL)-6 as mark-
ers of the proinflammatory cytokine response
and IL-10 as a marker of the anti-inflamma-
tory cytokine response. Blood samples were
drawn at time 0 and hourly for 4 hrs. We also
obtained blood from the inlet and outlet ports
of the device at the end of hours 1 and 4. Blood
samples were drawn into pyrogen-free vials
containing heparin or no additive. Plasma was
separated by centrifugation and frozen
(�80°C). We measured TNF, IL-6, and IL-10
by chemiluminescent immunoassay using an
automated analyzer (IMMULITE, Diagnostic
Products, Los Angeles, CA), thawing samples
only once before assay.

Complement Assays. We measured com-
plement fractions C3a-desArg and SC5b-9.
Each blood sample was collected into pyrogen-
free disodium or dipotassium EDTA collection
tubes, placed on ice, and processed within 30
mins. Plasma was separated into six sterile
0.5-mL cryovials and frozen at �80°C. Com-
mercially available enzyme immunoassay
(EIA) kits were used for complement assays
(Quidel, San Diego, CA).

Safety Measures. Possible complications of
the hemoadsorption process were evaluated by
serial measurements of blood components
that were of the molecular size likely to be

removed by the CytoSorb device. These in-
cluded triiodothyronine and cortisol (mea-
sured in blood samples before and after circu-
lation through the cartridge) and glucose,
albumin, platelets, white blood cell count, and
hemoglobin concentrations before and after
hemoadsorption. We measured complement
(C3a-desArg and SC5b-9) at time points 1, 2, 3,
and 7 to evaluate biocompatibility. Clinical
tolerance was evaluated by measures of car-
diovascular and lung function (mean arterial
pressure, vasopressor requirements, and PaO2/
FIO2 ratio).

Calculations, Imputations, and Statistical
Analysis. We calculated solute removal by
comparing precartridge and postcartridge
concentrations (from inlet and outlet samples)
and expressed the result as a percentage of the
precartridge concentration. Concentrations of
all substances measured were expressed as the
percentage difference from their baseline con-
centrations before hemoadsorption. Two sub-
jects had no detectable baseline concentra-
tions of IL-10 and were excluded from analysis
of solute removal, but they were included for
comparisons over time by setting baseline
concentrations at the lower limit of assay de-
tection (5 pg/mL).

Statistical analyses were performed using
MedCalc software (Mariakerke, Belgium). We
compared solute concentrations using Wilcox-
on’s test for paired samples and set alpha at
p � .05. Mean values are reported � standard
error. Given the low overall enrollment, no
attempt was made to compare 300-mL to
500-mL cartridges with respect to efficacy. How-
ever, we describe differences where apparent.

RESULTS

Enrollment and Randomization. Al-
though our target enrollment was 24
subjects in 12 months, we were only able
to enroll eight subjects in 14 months.
Lower than expected enrollment was not
a function of refusal of informed consent.
Indeed, only two additional patients met
inclusion criteria during the enrollment
period. Instead, a lower than expected
number of subjects for whom death was
declared by brain death criteria were
deemed not suitable for organ donation.
This discrepancy between anticipated and
actual enrollment apparently was due to
an aggressive use of “extended donor cri-
teria” (2, 3) and the clinical practice of
early withdrawal of care before brain
death when donation was refused or
deemed inappropriate. Of the eight sub-
jects enrolled, three were randomized to
the 500-mL and five to the 300-mL car-
tridge.

Feasibility. Hemoadsorption was fea-
sible in these brain-dead subjects and
could be provided safely. Demographic
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data and clinical and laboratory data be-
fore and after treatment are shown in
Table 1. One dialysis catheter clotted dur-
ing treatment, but there were no other
adverse technical events. Platelets de-
creased significantly during the course of
therapy: 36.6% with the 500-mL device
and 21% with the 300-mL device. How-
ever, there was no direct change in plate-
lets across the device when measured at
the first and fourth hours, and no bleed-
ing or decline in the hemoglobin concen-
tration was observed. White blood cell

counts and glucose and albumin concen-
trations did not change. The results of
complement activation studies are shown
in Table 2; no evidence of complement
activation was observed.

Cytokine Removal. Cytokine removal
was assessed by examining the concentra-
tion of mediators in blood before and
after the cartridge and by measuring me-
diator concentrations over time. Precar-
tridge and postcartridge concentrations
after 1 and 4 hrs of treatment are shown
in Table 3. Cytokine removal ranged from

4% to 30% across the device and the rate
of removal was not significantly different
between 1 hr and 4 hrs. Overall removal
was greatest for IL-6 (28%, p � .006) and
least for TNF (8.5%, p � .13).

After a single hour of therapy, plasma
concentrations of both IL-6 and TNF, but
not IL-10, were significantly reduced
(Fig. 1). Mean differences were �13% �
7% for IL-6 (p � .039), �23% � 9% for
TNF (p � .02), and �2% � 7% for IL-10
(p � .23). However, over time, all three
cytokines increased and plasma concen-
trations were above baseline by the end of
hemoadsorption.

Cortisol and Triiodothyronine. We
also measured serum cortisol and triiodo-
thyronine precartridge and postcartridge.
Levels of triiodothyronine were below de-
tection for all but one subject, but for this
subject, the removal was 20%. Cortisol
removal is shown in Table 3. Removal
was greatest at time 1 (48.8%) compared
with time 4 (16.1%).

DISCUSSION

There is currently a critical imbalance
between organs available for donation
and their need. In 2006, approximately
7,400 organ donors provided just over
26,000 organs, or approximately 3.5 or-
gans per donor. By increasing the num-
ber of organs recovered per donor by just
0.5, it would be possible to increase the
number of organs available for transplant
by 14%. A small number of additional
organs might also be recoverable from
donors who would otherwise be judged un-
suitable due to severe shock or organ dys-
function. Finally, as the organ donor pool is
expanded to include less ideal donors, tech-
niques to reduce organ dysfunction will
become increasingly important.

To the extent that circulating inflam-
matory mediators contribute to organ
dysfunction both during the evolution of
brain death and after brain death and
could render organs unacceptable for
transplantation, hemoadsorption is an in-
triguing therapeutic possibility. Our re-
sults indicate that a short course of he-
moadsorption is feasible and capable of
cytokine removal when applied to brain-
dead subjects.

Clinical effectiveness in terms of re-
ducing inflammatory cytokine levels in
the blood and tissue can only be hinted
at, given the uncontrolled design of this
feasibility study. However, substantial re-
moval of IL-6 and TNF was observed. Al-
though TNF and IL-6 increased after the

Table 2. Complement activation studies

Time, mins 0 15 45 240

C3a, ng/mL 654 � 107 533 � 118 564 � 99 258 � 49
C5b-9, ng/mL 513 � 85 552 � 75 596 � 71 529 � 55

Table 3. Solute removal across the device

TNF IL-6 IL-10 Cortisol

Time 1
Pre 11.4 374.4 22.6 8.2
Post 11.0 261.4 19.0 4.2
% change �3.9 �30.2 �15.8 �48.8

Time 4
Pre 18.6 1708.0 50.8 6.2
Post 16.5 1237.6 46.9 5.2
% change �11.3 �27.5 �7.7 �16.1

Combined
Pre 15.0 1041.2 40.2 7.2
Post 13.7 749.5 36.4 4.7
% change �8.5 �28 �9.4 �34.7

p valuea .13 .006 .039 .004

TNF, tumor necrosis factor; IL, interleukin; pre, values derived from samples taken from the inlet
port of the device; post, values derived from samples taken from the outlet port of the device.

ap values (Wilcoxon’s test) are for the comparison of plasma concentrations taken at the inlet (pre)
and the outlet (post) of the device, treating time points 1 and 4 together.

Table 1. Physiologic data before and after treatment

Variable
(Mean Age, 69.9 Yrs; 50% Male Sex) Before After p Value

HR, beats/min 91.4 � 16.7 92.8 � 27.1 �.05
MAP, mm Hg 77.6 � 9.3 79.3 � 12.8 �.05
Temp, °C 36.4 � 1.3 35.5 � 1 �.05
FIO2, % 70 � 30 70 � 20 �.05
PEEP, cm H2O 5.9 � 2.7 7.1 � 3.2 �.05
Norepinephrine dose, �g�kg�1�min�1 0.4 � 0.3 0.6 � 0.5 �.05
PaO2, mm Hg 188.3 � 160.2 161 � 102.8 �.05
PaO2/FIO2 258 � 142.5 238.8 � 109.4 �.05
Hemoglobin, g/dL 9.9 � 1.6 12.5 � 2.6 �.05
Hematocrit, % 28.9 � 4.4 37.3 � 8.8 �.05
Platelets � 10E � 9/L 156.9 � 50.2 168 � 11.3 �.05
WBC � 10E � 9/L 10 � 4.6 10.2 � 6.2 �.05
Albumin, g/dL 2.4 � 0.8 2.9 � 0.6 �.05
Glucose, mg/dL 128.5 � 64.8 125.4 � 59 �.05
Sodium, mEq/L 147 � 5.9 145.1 � 6.6 �.05
Potassium, mEq/L 3.4 � .5 3.3 � .4 �.05

HR, heart rate; MAP, mean arterial pressure; PEEP, positive end-expiratory pressure; WBC, white
blood cell count.
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first hour (indicating ongoing produc-
tion), the rate of increase in both cyto-
kines was less than expected from un-
treated cases (10 –12). However, these
published cases may have substantially
different circumstances than those en-
countered in our study and direct com-
parison is not possible. The severity of
injury or rate of brain death could affect
cytokine levels, and thus, trials in actual
donors will be required to examine effec-
tiveness. Importantly, there was no evi-
dence of saturation, as the device seemed
to perform equally well at time points 1
and 4 (Table 3). However, we observed no
improvement in hemodynamics or organ
function (Table 1) over time in these sub-
jects. Few studies have reported IL-10
levels in the plasma of brain-dead hu-
mans. Our data indicate a very low level
of activation of this anti-inflammatory cy-
tokine, and these low levels were not
greatly affected by hemoadsorption.

The association between the physio-
logic changes that occur during the evo-
lution of brain death and injury to poten-
tially transplantable organs seems strong.
However the individual contributions and
relative importance to organ failure made
by such factors as circulating cytokines,
increased catecholamines, altered endo-
crine hormones, and changes in vascular
tone remain poorly defined (6, 27–31). Data
from animal experiments and human ob-
servation have shown that rapid increases
in intracranial pressure up-regulates vari-
ous lymphocyte- and macrophage-derived
cytokines (11). In addition, increased ex-

pression of proinflammatory cytokines has
been demonstrated in the hearts of brain-
dead animals (13), and isolated elevations
of plasma IL-6 have been demonstrated in
brain-dead donors (12). Stangl et al. (10)
showed significantly elevated levels of TNF,
IL-6, IL-8, and IL-2 receptor levels in the
blood of brain-dead organ donors com-
pared with living related donors. In a more
recent study, Plenz et al. (14) demonstrated
significant activation of IL-6/IL-6 receptor
system in donor hearts compared with en-
domyocardial biopsies obtained from con-
trol patients. Thus, in brain-dead donors,
both the plasma levels of IL-6 and the re-
sponsiveness to IL-6 are increased simulta-
neously (via increased expression of IL-6
receptor system). It is plausible, therefore,
that the reduced organ function and viabil-
ity seen in organs explanted from brain-
dead donors is in part due to the inflamma-
tory response seen during the evolution of
and after brain death (14–18). Alterna-
tively, cytokines may be only markers of
organ injury rather than mediators. In this
case, blood purification may only serve to
remove the cytokines but not influence or-
gan function.

Recently, we have demonstrated that
hemoadsorption using the CytoSorb de-
vice effectively removes multiple inflam-
matory mediators and improves short-
term survival in animal models of sepsis
(26). Our results in this study suggest
similar effects on plasma cytokines in hu-
man brain-dead subjects. However, over-
all changes in plasma cytokine concen-
trations were modest, and whether these

effects will be sufficient to improve clin-
ical outcomes, such as short-term organ
function, is unknown. Our results show
that this procedure is feasible, and with
the limited measures used to assess out-
come, no adverse consequences were ob-
served. These results form the theoretical
basis for conducting additional studies
after brain death, perhaps in actual do-
nors. Subsequent studies will expand the
number of normal plasma components
and compounds monitored to determine
whether any are excessively removed dur-
ing hemoadsorption and require supple-
mentation before organ removal. For ex-
ample, removal of triiodothyronine and
cortisol might require increased supple-
mentation over current practice. In addi-
tion, further attention will be directed
toward physiologic markers of organ
function for lung, heart, liver, and kid-
ney. The observed decrement in platelets
is not clearly attributable to hemoadsorp-
tion, and the cross-cartridge platelet
counts were equal and were not associ-
ated with clinical bleeding in this study.
Our study is one of a very small number
of trials enrolling brain-dead human sub-
jects, and some discussion of the feasibil-
ity, ethics, and suitability of this popula-
tion seems warranted. First, enrollment
of these brain-dead subjects did not seem
to produce an additional burden to fam-
ilies. Refusal rates were surprisingly low,
and most families seemed interested in
this option, even when they refused ac-
tual donation. Conversely, the number of
subjects who qualified for our study was
lower than expected. Formal brain death
evaluation seems to be unusual in pa-
tients who are deemed not suitable for
organ donation, and thus, few families
were presented with the option for re-
search. Finally, brain-dead subjects who
are deemed not suitable for organ dona-
tion may not be representative of actual
donors, and thus, generalizability of our
results to this population is limited. For
purposes of evaluating feasibility, this
may not have posed a problem. However,
this population may be less suitable for
examining efficacy of interventions. This
raises a potential concern because early
interventional studies in actual donors
are logistically challenging and pose
unique ethical considerations.

CONCLUSION

Hemoadsorption after brain death can
remove cytokines from the circulation.
The significant capacity for cytokine re-
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Figure 1. Shown are mean plasma interleukin (IL)-6, IL-10, and tumor necrosis factor (TNF) levels
over time relative to baseline concentrations.
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moval may be of substantial benefit in
attenuating the inflammatory response
associated with brain death. Evaluation of
clinical effectiveness of this intervention
on improving organ function will require
controlled trials involving actual donors.
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