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Although resection remains the only potentially curative

treatment for most patients with primary and secondary

liver malignancies, the large majority of patients will

experience recurrence. Factors reported to adversely affect

the risk of local recurrence after surgery include tumor

biology as well as surgical factors such as blood loss and

transfusion during surgery. In this issue of Digestive Dis-

eases & Sciences, Orci et al. [1] discuss the relationship

between hepatic ischemia–reperfusion injury and cancer

recurrence. The authors have to be commended for their

thoughtful analysis of the available data regarding this

unresolved question.

Hepatic ischemia–reperfusion injury is an important

cause of liver damage occurring during liver resection [2,

3] and during liver transplantation [4]. During liver sur-

gery, hepatic pedicle clamping (the so-called Pringle

Maneuver) efficiently reduces bleeding and transfusion

during hepatic transection; intermittent occlusion of the

inflow pedicle with intervals of reperfusion reduces this

ischemia–reperfusion injury and the consequences of

splanchnic congestion and therefore decreases injury to the

liver parenchyma. In liver transplantation, the liver graft is

particularly exposed to ischemia–reperfusion injury as a

result of damage during organ procurement and frequent

hemodynamic instability, preservation under cold ische-

mia, and graft reperfusion with a phase of warm ischemia

between portal and arterial reperfusion.

It has been suggested, despite the lack of robust evi-

dence, that ischemia–reperfusion per se is pro-tumorigenic.

Although the exact mechanisms are still unclear, this might

occur either through an upregulation of hypoxia-induced

growth factors and cytokines, angiogenic factors, or

inflammation [5, 6]. Moreover, the presence of underlying

hepatic parenchymal injury such as steatosis might increase

susceptibility of the liver to ischemia–reperfusion injury

[7]. In this review, the authors present experimental and

clinical data, indicating that hepatic ischemia–reperfusion

injury increases the rate of cancer cell proliferation, ana-

lyzes how the ischemia process might promote tumor

growth, and discusses a number of strategies to limit the

negative effects of these injuries. The authors clearly state

that extrapolation of data obtained from the rodent models

described in this review should be applied cautiously to the

results of clinical studies due to the numerous biases

inherent to retrospectives series, as well as the limited

number of patients studied.

Although the review is well written and balanced, it will

likely raise several questions, since it is not a systematic

review of the literature, but rather a narrative evaluation.

Thus, some articles might have been omitted, especially

those reporting negative results [8]. Since most of the

studies focused on liver metastases from colorectal

primaries and on hepatocellular carcinoma, there is con-

cern that the underlying liver parenchymal injury was

independently correlated with recurrence in several studies,

suggesting the influence of potential confounders, such as

cirrhosis or metabolic syndrome [9].

Although we agree that animal models provide strong

data regarding the impact of liver clamping (and ischemia–

reperfusion) on the risks of recurrence, the heterogeneity in

experimental study design combined with wide variations

among experimental surgical procedures (e.g., duration of
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clamping, species) could adversely affect the interpret-

ability of the data obtained.

Interestingly, several recent findings might add new

insights to the issue. Our group has reported in a mouse

model of colorectal liver metastases that hepatic ischemia–

reperfusion injury mobilized bone marrow-derived pro-

genitor cells, making the liver tissue microenvironment

more pro-angiogenic, which subsequently enhanced colo-

rectal cancer cell engraftment and metastasis growth [10].

It is conceivable that all of these bone marrow-derived

progenitor cells may participate in angiogenesis and vas-

culogenesis in tumors that recur after surgery, a supposition

that can be tested experimentally.

In the clinic, the question still remains as to whether

routine Pringle maneuver is justified. In our opinion to

clamp or not to clamp systematically is not the right

question: Surgeons must adapt to the situation in the

operating room and clamp when needed relying on the old

surgical adage ‘‘better clamping than bleeding.’’
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