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The pioneering discovery of a novel method of tissue protection in the kidney by Zager et al. (1) in 1984 and in the
heart by Murry et al. (2) in 1986 paved the way for a new
concept to minimize ischemia-reperfusion injury in other
organs. This surgical approach requiring a short period of
ischemia and reperfusion prior to the actual intervention
was termed ischemic preconditioning (IP). This principle
has been applied to other organs including the liver to explore whether it provides similar protection. Investigators
have identified a number of molecules conferring protection after IP in steatotic (3) and nonsteatotic (4) livers in
rodents. However, when that evidence was applied to human liver transplantation the expected protective effect
was not obvious.
The protocol of IP is relatively standardized. Prior to extended ischemia during an operation, the blood supply to
the liver is blocked for 10 min, followed by a short period of
reperfusion for 5–10 min. Exceptionally, ischemia is maintained for only 5 min followed by a short reperfusion phase.
Since IP is protective in hepatic surgery, e.g. resection, it
was logical to extend this approach to liver transplantation
during which ischemia-reperfusion injury is also a major
issue (4,5).
Ischemia-reperfusion injury represents the most common
cause of primary nonfunction of the liver graft, which is
one of the main reasons for retransplantation. This situation has stimulated different types of strategies to prevent ischemic injury such as pharmacological treatment,
use of novel preservation solutions and surgical strategies
(6). The efficacy of IP in liver resection was first reported
by our group (7). Since then, other clinical studies have
corroborated the beneficial effect of IP, not only on warm
ischemia, but also in liver transplantation requiring cold
ischemia (8).

The clinical efficacy of IP on deceased donors was studied
by Koneru et al. (9) in 2005. The authors applied 5 min of
ischemia, while the majority of experimental and human
studies demonstrated that 10 min of vascular clamping is
required to obtain effective protection. In the same year,
Azoulay et al. (10) compared the outcome of IP on the
preservation and function of the graft to the principal of
ying and yang, meaning a reduced injury to the liver, but
also an early decrease of graft function. Another pilot study
in 2005, presented by Jassem et al. (11), showed protective effects against ischemic injury as a reduction of the inflammatory response by decreased neutrophil infiltration.
One year later, Cescon et al. (12) demonstrated that 10
min of IP has a protective effect against cold ischemia in
deceased donor allografts. Nevertheless, this group concluded that IP has no apparent clinical benefit regarding
patient and graft survival.
In the September issue of AJT, Amador et al. (13) reported
that IP protects against ischemia-reperfusion injury after
cold ischemia showing an improved liver function, a reduction in apoptotic cell death as well as in the need for reoperation (Table 1). This study enrolled 60 patients, without
a stratified randomization, which could have an impact on
the finding that IP may provide a positive outcome only in
a subgroup of patients. Nevertheless, the authors showed
an increasing HIF-a level, which suggests a beneficial effect of IP.
On the other hand, in the December issue of AJT, Koneru
et al. (14) demonstrated on a randomized, controlled trial
studying 101 deceased donors randomized to 10 min of
IP in 50 patients and no IP in 51 patients. To date, this
is the largest study looking at IP in patients undergoing
liver transplantation. The investigators concluded that IP
alone is insufficient to provide any demonstrable clinical
benefit in deceased donor liver transplantation. In addition,
this trial suggests that IP alone may worsen the reperfusion phase. However, while pro-inflammatory cytokines
were unchanged, IP was accompanied by increasing systemic levels of IL-10, a potent anti-inflammatory cytokine.
On the other hand, the authors suggest that IP combined
with other strategies, like pharmacological methods, may
have a potential benefit on deceased donor liver transplantation.
Although we are beginning to understand the basic pathways of IP, the role of IP and its protective effect on liver
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Table 1: Ischemia preconditioning on deceased donor liver transplantation
Total N
patients
(control/IP)

IP/Rp
protocol
(min)

IP protective
effect
(Y/N)

Authors

Year

Azoulay
et al. (10)

2005

91
45/46

10/10

Y

Koneru
et al. (9)
Jassem
et al. (11)

2005

62
28/34
23
14/09

5/5

N

10/10

Y

Cescon
et al. (12)

2006

47
24/23

10/15

Y

Amador
et al. (13)

2007

60
30/30

10/10

Y

Koneru
et al. (14)

2007

101
51/50

10/39 (25–77)

N

2005

Patient outcome
Markers
assessed
↓ Postoperative
AST-ALT levels—IP
group
PT, total bilirubin and
histology unchanged
↓ Postoperative AST
levels, ↓ neutrophil
infiltration and
platelet in liver tissue
(postreperfusion)
↓ Postoperative
AST-ALT levels. PT,
total bilirubin and
histology (neutrophil
infiltration, iNOS,
apoptosis)
unchanged
↓ Postoperative AST
levels, ↓ apoptosis, ↑
HIF-1a and uric acid
in prereperfusion
time, ↓ hyaluronic
acid during
reperfusion
↑ Postoperative AST
levels. PT, bilirubin,
histology unchanged

Positive
Better tolerance to
ischemia

Negative
Reduced early graft
function
IP does not reduce
injury

Better tolerance to
ischemia ↓
nonspecific
inflammatory
response
↓ Hepato cellular
necrosis

No graft or patient
survival benefit

↓ Apoptotic cell death ↓
need for reoperation

↑ IL-10 levels
(postreperfusion) ↓
rejection in liver
recipients

Increased reperfusion
injury (IP paradox)

IP = ischemic-preconditioning; IP/Rp = ischemic-preconditioning and reperfusion time; PO = postoperative; AST = aspartate aminotransferase; ALT = alanine aminotransferase; I/R = ischemic-reperfusion injury; iNOS = inducible nitric oxide synthase; HIF-1a = hypoxiainducible factor-1a; PNF = primary nonfunction; PT = prothrombin time; IL-10 = interleukin 10.

transplantation remains controversial (4), as the available
data is still far from conclusive. In contrast to experimental
models of liver transplantation, where all possible parameters are controlled by the investigator, in clinical studies parameters are much more heterogeneous, dictated by the
degree of steatosis, types of protocol, underlying conditions such as portal hypertension as well as presence of
cancer and other factors which may contribute to paradox
findings.
Should we conclude that IP has no role in liver transplantation? We would suggest: not yet. While the current study
provides interesting data suggesting that IP is not a beneficial strategy to protect the deceased donor liver transplantation, or may even have a paradoxical effect on reperfusion
injury, IP has been shown to be protective against warm
ischemia in patients undergoing liver resection, particularly
in patients presenting with hepatic steatosis. In spite of the
limited number of clinical trials bringing ambiguous results
and the persistent problem of organ shortage, we still believe there is a lot to investigate. We believe further insight
into mechanism of protection in animal models, and selective targeting of the protective pathways may reveal useful
in patients undergoing liver transplantation. An important
target may be non-heart-beating grafts, which are increas490

ingly used with higher risk of ischemic injury, mostly due to
the initial prolonged period of warm ischemia. IP is a good
example of translational research, following the principle
of ping and pong, i.e. going back and forth from laboratory
to patients with the expectation of eventually reaching a
significant impact in patients.

References
1. Zager RA, Baltes LA, Sharma HM, Jurkowitz MS. Responses of the
ischemic acute renal failure kidney to additional ischemic events.
Kidney Int 1984; 26: 689–700.
2. Murry CE, Jennings RB, Reimer KA. Preconditioning with ischemia: A delay of lethal cell injury in ischemic myocardium. Circulation 1986; 74: 1124–1136.
3. Selzner N, Selzner M, Jochum W, Clavien PA. Ischemic preconditioning protects the steatotic mouse liver against reperfusion
injury: An ATP dependent mechanism. J Hepatol 2003; 39: 55–61.
4. Casillas-Ramirez A, Mosbah IB, Ramalho F, Rosello-Catafau J, Peralta C. Past and future approaches to ischemia-reperfusion lesion
associated with liver transplantation. Life Sci 2006; 79: 1881–1894.
5. Jaeschke H. Molecular mechanisms of hepatic ischemiareperfusion injury and preconditioning. Am J Physiol Gastrointest
Liver Physiol 2003; 284: G15–G26.

American Journal of Transplantation 2008; 8: 489–491

Ischemic Preconditioning
6. Selzner N, Rudiger H, Graf R, Clavien PA. Protective strategies
against ischemic injury of the liver. Gastroenterology 2003; 125:
917–936.
7. Clavien PA, Yadav S, Sindram D, Bentley RC. Protective effects
of ischemic preconditioning for liver resection performed under
inflow occlusion in humans. Ann Surg 2000; 232: 155–162.
8. Gomez D, Homer-Vanniasinkam S, Graham AM, Prasad KR. Role
of ischaemic preconditioning in liver regeneration following major
liver resection and transplantation. World J Gastroenterol 2007;
13: 657–670.
9. Koneru B, Fisher A, He Y et al. Ischemic preconditioning in deceased donor liver transplantation: A prospective randomized clinical trial of safety and efficacy. Liver Transpl 2005; 11: 196–202.
10. Azoulay D, Del Gaudio M, Andreani P et al. Effects of 10 minutes
of ischemic preconditioning of the cadaveric liver on the graft’s

American Journal of Transplantation 2008; 8: 489–491

11.

12.

13.

14.

preservation and function: The ying and the yang. Ann Surg 2005;
242: 133–139.
Jassem W, Fuggle SV, Cerundolo L, Heaton ND, Rela M. Ischemic
preconditioning of cadaver donor livers protects allografts following transplantation. Transplantation 2006; 81: 169–174.
Cescon M, Grazi GL, Grassi A et al. Effect of ischemic preconditioning in whole liver transplantation from deceased donors. A pilot
study. Liver Transpl 2006; 12: 628–635.
Amador A, Grande L, Marti J et al. Ischemic pre-conditioning in
deceased donor liver transplantation: A prospective randomized
clinical trial. Am J Transplant 2007; 7: 2180–2189.
Koneru B, Shareef A, Dikdan G et al. The ischemic preconditioning
paradox in deceased donor liver transplantation-evidence from a
prospective randomized single blind clinical trial. Am J Transplant
2007; 7: 2788–2796.

491

