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ABSTRACT

Background: Solid organ transplantation is the only definitive treatment available for patients with end-
stage organ failure. Organs procured from brain-death donors are the main source of transplants. Follow-
ing brain death, a burst of inflammatory reaction develops; it is characterized by increased plasma levels
of cytokines. This inflammatory reaction has been associated with increased early allograft dysfunction.

Objective: In this study, we test if the increased inflammatory response in brain-death donors is associated
with more recipient complications.

Methods: We prospectively recruited 38 consecutive brain-death donors admitted to the intensive care
units (ICUs) of Shiraz University of Medical Sciences. Following the declaration of brain death, the de-
mographics data on donor and recipient characteristics and cause of brain death were recorded. The
post-liver transplant complications in recipients were stratified according to the Clavien classification.
Plasma levels of cytokines IL-6, IL-2, and TNF-a were measured using enzyme linked immunosorbent
assay (ELISA) kits, in all donors before organ procurement.

Results: The mean (range) age of donors was 44 (16-74) years. Trauma due to car accident was the most
common cause of brain death (79%). The post-liver transplant complications occurred in 19 (50%) re-
cipients. The mean+SD plasma TNF-a concentration was significantly (p<0.001) higher in recipients
with grade 1-3 post-transplant complications (68.33+27.74 pg/mL) than those without complication
(22.09+4.14 pg/mL). Recipients with complications had also a significantly (p=0.001) higher mean+SD
donor plasma concentration of IL-6 (1009+375.5 pg/mL) compared to those without complications
(779+202 pg/mL). No significant differences was observed between the two groups in respect to IL-2 con-
centration (0.295+0.333 vs 0.285+0.342 U/mL, p=0.207). Six recipients died of complications (grade5),
in whom no correlation could be found with donor plasma cytokine concentrations.

Conclusion: Higher plasma concentrations of IL-6 and TNF-« in donors before organ procurement, are as-
sociated with more post-operative complications in liver transplant recipients.
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INTRODUCTION
S olid organ transplantation is the only de-

finitive treatment available for patients
with end-stage organ failure. There is a
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large disparity between the transplant waiting
list candidates and the number of available or-
gans in the world. Factors such as donor age,
comorbidities and infection are among im-
portant reasons that many organs are found
not suitable for transplantation [1-87]. Organs
derived from brain-death donors are the main
source of transplants.

Following brain death, a burst of inflamma-
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tory reaction develops; it is characterized by
increased plasma levels of cytokines [4, 57;
elevated plasma level of interleukin-6 (IL-6)
occurred after neuronal injury [6, 7. This in-
flammatory reaction has been associated with
increased early allograft dysfunction [87]. In
heart transplantation, high tissue and plasma
levels of interleukin-1 (IL-1), IL-6 and tumor
necrosis factor alpha (TNF-0) were associated
with worse donor heart function [9] and post-
transplantation graft outcome [2, 97. C-reac-
tive protein (CRP) and procalcitonin (PCT)
were also markers of inflammation; elevated
levels of CRP and PCT were observed after
brain death and associated with adverse ad-
verse outcomes in heart transplant recipients
[27]. Diminished circulating thyroid hormone
levels, tri-iodothyronine ('T'3), was developed
in donors; the hormone is commonly adminis-
tered to donors as a putative optimizing agent.
Administration of steroids also modulated the
inflammatory environment of donor organs
by stabilization of cell membrane, reduction of
HLA antigen upregulation, and inhibition of
cytokine elaboration [2].

Available studies reveled an inflammatory re-
sponse in the liver following brain death [10,
11]. Experimental studies confirmed lower
graft survival for the heart, lung and kidneys
procured from brain-death donors compared
with living donors [11-137.

The risk of kidney and liver graft dysfunction
is higher in grafts taken from brain-death
donors than in grafts procured from living
donors [14, 157]. We conducted this study to
determine if higher inflammatory response in
donors is associated with more complication
rates in liver transplant recipients.

PATIENTS AND METHODS

We prospectively recruited 38 consecutive
brain-death donors admitted to the intensive
care units (ICUs) of Shiraz University of Med-
ical Sciences between April and November
2010. The study was approved by the Ethics
Committee of Shiraz University of Medical
Sciences. The consent for organ donation was

obtained from first degree relatives.

Donors with leucopenia, history of recent che-
motherapy, or no heart beating were excluded
from the study. Demographics and etiology of
brain death were recorded. Decisions regard-
ing organ procurement and transplantation
were made by an expert surgical team. Organs
might be discarded after procurement due to
organ dysfunction as assessed by biopsy, oth-
er physiological variables, or visual quality
of the organs as confirmed by the transplant
surgeons. The post-liver transplant complica-
tions in recipients were classified according to
Clavien grading system [16]. Demographic
data of recipients with post-transplant compli-
cations were also recorded.

Cytokine measurement

Plasma cytokines IL-6, IL-2, and TNF-a
were measured in all donors before organ pro-
curement. Samples were drawn from pre-ex-
isting arterial cannula; plasma was separated,
divided into three separate 1.5-mL tubes and
stored frozen at -80 °C until they were as-
sayed. Each sample was used for one assay to
avoid multiple freezing/thawing cycles.

The IL-6, IL-2, and TNF-0 concentrations
were measured with enzyme linked immuno-
sorbent assay (ELISA) commercial kits (DRG,
Germany), using an automated immunoassay
analyzer (Stat Fax, Los Angeles, CA, USA).
The normal reference range for each cytokine
was 0—50 pg/mL for IL-6; 0-0.1 U/mL for
[L-2; and 4.6-12.4 pg/mL for TNF-a.

Statistical ana|ysis

Data are expressed as means+SD. Analyses
were performed with SPSS® ver 15.0 for Win-
dows® (SSPS Inc, Chicago, 111, USA). The level
of plasma cytokines were compared between
recipients with grade 1-3 and grade 5 com-
plication by Mann-Whitney U test. A p value
<0.05 was considered statistically significant.

RESULTS

The mean£SD (range) age of the donors was
44+10.2 (16—74) years. Trauma due to car ac-
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Table 1: Demographic and clinical characteristics of brain-death donors (n=38)

Parameter
Age (mean+SD) (yrs)

Gender (%)
Male
Female

Mechanism of brain death (%)
Subarachnoid hemorrhage
Intracerebral hemorrhage
Closed head injury due to car accident
Gun shot injury

Time to organ procurement after brain death (mean=SD) (hrs)

cident was the most common cause (79%) of
brain death (Table 1). Donors were not treated
with corticosteroids following brain death.

The meantSD (range) age of recipients was
22+15.5 (2—55) years. Demographic and clini-
cal characteristics of organ recipients are pre-
sented in Table 2.

The complications in 19 (50%) recipients were
classified according to Clavien grading system

32 (84%)
6 (16%)

2 (5%)

5 (13%)
30 (79%)
1 (3%)

12+10.1

(Table 3). Grade 1 complications were record-
ed in 2.6%; grade 2 in 10%; grade 3a in 8%;
grade 3b in 13.5%; and grade 5 in 15.7% of re-
cipients—there was no grade 4 complication.
One common complication was portal vein
thrombosis requiring relaparatomy (grade 3b).

The mean+SD donor plasma cytokine con-
centrations were  1040.20£1200.47 pg/
mL for IL6, 0.3124+0.41 U/mL for IL2, and
87.224+59.40 pg/mL for TNF-o. TNF-a con-

Table 2: Demographic and clinical characteristics of liver transplant recipients (n=38)

Cause of cirrhosis

Hepatitis B virus
Autoimmune hepatitis
Primary sclerosing cholangitis
Hepatitis C virus
Hemochromatosis

Primary biliary cirrhosis
Wilson’s disease
Tyrosinemia

Neonatal hepatitis
Hypercholestrolemia

Budd Chiari

Progressive familial intrahepatic cholestasis
Tyrosinemia

Cryptogenic cirrhosis

n (%) Male/ Female
5 (14) 3/2
4 (11%) 2/2
3 (99) 2/1
2 (69%) 0/2
2 (5%) 2/0
2 (5%) 1/1
2 (5%) 1/1
1 (3%) 1/0
1 (3%) 1/0
1 (3%) 1/0
1 (3%) 0/1
1 (3%) 1/0
1 (39%) 0/1
12 (33%) 8/4
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Table 3: Complications of 38 liver transplant recipients classified according to Clavien system

Grades Complication

Grade 1 (n=1, 3%)

Chicken pox infection

n

Cytomegalovirus infection requiring pharmacological treatment 1
Grade 2 (n= 4, 109%) Bleeding needing blood transfusion

Pneumonia requiring antibiotics 1

Bile leakage needing ERCP or surgical intervention 1
Grade 3a (n= 3, 8%) Non-Hodgkin’s lymphoma requiring pharmacological treatment 1

Pneumonia due to HINT1 that needs medical treatment 1
Grade 8b (n=5, 14%) Portal vcin‘thrqmbosis Te.quiring relaparotomy 4

Bowel perforation requiring relaparotomy 1
Grade 4a, 4b — 0
Grade (n=6, 169%) Death 6

ERCP: Endoscopic retrograde cholangiopancreatography

centration was significantly (p<0.001) higher
in recipients with grade 1-3 complications
(68.331£27.74 pg/mL) than those without com-
plications (22.09+4.14 pg/mL). Recipients with
grade 1-3 complications had a significantly
(p=0.001) higher donor plasma concentration
of IL-6 (1009+375.5 pg/mL) than recipients
without complications (779+202 pg/mL). No
significant difference was observed between
mean concentrations of [L.-2 in the two groups
(0.29510.333 vs 0.28510.342, p=0.207).

There were six deaths (grade 5 complication)
in recipients which occurred within the first
two months of transplantation. No correlation
could be found between donor plasma concen-
tration of IL.-2, IL.-6, and TNF-a and recipi-
ent’s death. There was also no statistically sig-
nificant difference between complication rates
in recipients who received organs from donors
aged <50 vs those received organs from do-
nors age >50 years. There was also no statisti-
cally significant difference between the under-
lying disease in recipients and post-transplant
complications.

DISCUSSION

“Brain death” is believed to be an important
antigen-independent risk factor for harm-
ing organs before transplantation [1, 4]. Do-
nor organs can be damaged through several
mechanisms. “Catecholamine storm” produced
from ischemic brain stem, results in a dra-
matic hypertensive crisis and peripheral va-
soconstriction which lead to organ ischemia
1, 4]. In patients with brain injury, jugular
IL-6 levels were higher than its arterial lev-
els, suggesting that IL.-6 had originated from
the brain [17, 187. Elevated levels of circulat-
ing cytokines, especially IL-6, would induce a
local inflammatory response in the recipients’
organs [18-20]. An inverse correlation be-
tween plasma levels of IL-6 and kidney graft
survival was reported [1, 21, 227. Elevated lev-
els of [LL.-8 and IL-10 was also detected in the
plasma of brain-death donors [1, 237. An im-
portant family of protein kinases involved in
signal transduction is the MAP kinases. This
pathway is regarded as key players in the in-
flammatory response in the kidney after brain
death. MAP kinases are activated by a variety
of stimuli including cytokines (IL-6), growth
factors, hormones, pathological stressors like
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ischemia/reperfusion, ultraviolet irradiation
and neuronal injury [24, 257.

The MAP kinase-mediated inflammatory re-
sponse stimulates production and activation of
chemokines, selectins and adhesion molecules
and leads to subsequent leukocyte infiltration
in the deceased organ. The pre-existing organ
injury is then aggravated by cold ischemia (or-
gan preservation) and during the transplanta-
tion operation (ischemia/reperfusion injury)

1,257

We found that higher donor plasma concentra-
tions of IL-6 and TNF-a were associated with
higher post-transplant complications. Our
tfinding is consistent with other studies show-
ing that inflammatory response after brain
death is associated with lower organ viability
and contributes to early allograft dysfunction
in organ recipients [2, 37.

Recipients with deceased donor kidneys have
a significantly increased risk of delayed graft
function and inferior long-term graft surviv-
al compared with those received transplants
trom living donors [1-37.

Venkateswaran, et al, found that high TNF- a
level, but not I1L-6, was associated with donor
cardiac dysfunction [2]. Activation of IL-6/
[L-6 receptors in donor hearts has been asso-
ciated with early cardiac allograft dysfunction
after cardiac transplantation in the absence of
cellular rejection [87].

Brain death also induces an inflammatory
response in the liver [9, 10, 157. In a study
performed by Jassem, et al. [10], the biopsies
were taken after cold ischemia. The pathologi-
cal finding of liver was significantly different
between brain-death and living donors.

Livers procured from the brain-death donors
were associated with a high rate of rejection
and primary nonfunction in one study [157.
No association was found between plasma
cytokine concentration and two-month graft
survival in liver transplant recipients [15].

Murugan, et al, measured TNF, IL-6, and

Donor plasma cytokine level and recipient outcome

[L.-10 in donors before organ procurement for
transplantation [37], and found that all cyto-
kines were increased following brain death.
However, only high plasma IL-6 concentra-
tions in donors before organ procurement was
significantly associated with lower hospital-
free survival in recipients [37.

Overall, “cytokine storm” in the human donor
was assoclated with decreased organ yield and
reduced hospital-free survival in their recipi-
ents [2].

In conclusion, elevated plasma IL-6 and
TNF-o concentrations before organ procure-
ment are associated with more complication
rates in recipients. Brain-death-related sys-
temic inflammatory response in the donor ad-
versely affects recipient outcome. These data
provide a rationale to study the immune mod-
ulation therapies in donors to improve organ
function and recipient outcome. One of the
important limitations of our study was lack of
age- and sex-matched controls for the level of
cytokines. This warrants conduction of con-
trolled studies.
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