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Vascular occlusion to protect against intraoperative blood loss in
liver surgeries: new perspectives on a traditional technique
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The correlation between decreased blood loss and
improved clinical and oncological outcomes has been
described in liver surgery: considering that perioperative
blood transfusions are associated with a higher rate of
recurrence and lower survival after resection of colorectal
liver metastases and hepatocellular carcinoma, any effort to
address the task of bleeding control and reduce the need for
blood transfusions is of outstanding importance (1). Blood
loss and the need for transfusion during liver surgery can
be decreased by several surgical adjustments or techniques,
such as low central venous pressure, new haemostatic
devices for parenchymal transection and control of vascular
inflow and outflow (2). An effective method to control
intraoperative bleeding is portal triad clamping, also known
as Pringle maneuver, which can be easily performed both in
open and mini-invasive hepatectomy.

Shen et al. (3) reported a heterogeneity in the effect
caused by vascular occlusion by Pringle maneuver on hepatic
microcirculation. In a series of 15 major hepatic resections
they investigated functional capillarity density (FCD),
microvascular flow index (MFI) and sinusoidal diameter
(SinD) through a handleheld vital microscope, identifying
two distinct populations of patients: full responders, who
recorded a complete interruption of the circulation in the
microvascular bed upon vascular occlusion, and partial
responders, with partial persistence of the microcirculation
despite clamping. In spite of this different effect of
clamping, no significant differences were found in terms
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of blood loss between the two groups, witnessing how
the Pringle maneuver is effective in protecting against
bleeding even in the presence of an incomplete effect on
the microcirculation. Regarding the causes of this finding,
the authors trace it back to two possible explanations: the
presence of a backflow from the hepatic veins and the
presence of porto-systemic and arterial collateral circulation
that support vascularization.

Since the preload was not measured in the study by
Shen et al. (3) it is possible that the different response on
microcirculation depends, at least partially, on inter-patient
differences in terms of intraoperative volemic status. In
fact, many reports have documented how the reduction in
preload allows for a significant reduction in blood losses
from the hepatic veins, thus emphasizing the importance of
a proper anaesthesiological management for hemodynamic
optimization in liver resections. Historically, preload
monitoring has always been conducted by measuring central
venous pressure (CVP), through the central venous catheter.
With the large-scale introduction of the minimally invasive
approach, while the need to maintain a state of hypovolemia
remained unchanged—thus controlling bleeding from
the hepatic side—the reliability of CVP measurement
was affected by the positions of the patient and the effect
of pneumoperitoneum typical of laparoscopy. Therefore,
recently, non-invasive monitoring techniques have been
described in hepatic surgery based on the calculation
of hemodynamic parameters such as stroke volume and
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stroke volume variation, cardiac output, cardiac index and
oxygen delivery. The availability of these parameters allows
a very precise and accurate intraoperative management,
effectively controlling the preload and therefore the hepatic
bleeding (4). On the other hand, it reduces the risk of tissue
hypoperfusion linked to significant hypovolemia and to the
use of the Pringle maneuver and the consequent adverse
effects respectively on renal function and on alterations
of postoperative liver blood tests. It would therefore be
interesting to validate the analysis described by Shen ez 4. (3)
associating the microscopic study of the microcirculation
with the hemodynamic evaluation: it is indeed possible that
the heterogeneity of response to Pringle maneuver is linked
to a different hemodynamic state of the patient (altering the
tolerance to vascular occlusion), rather than to presence of
collateral circulation.

Another interesting setting to study the effect of the
Pringle maneuver is minimally invasive techniques: in
this scenario, the biological surgical damage seems to
be mitigated by the favorable biological context (5), but
paradoxically the ischemia-reperfusion damage caused
by Pringle’s maneuver may add up to the effect of
pneumoperitoneum pressure. Indeed, the haemostatic
effect of pneumoperitoneum, facilitating control of
potential hepatic venous bleeding, greatly contributes
in obtaining a precise haemostasis and is advocated as
the main determinant of blood loss reduction described
in laparoscopy. The fear that these two effects may be
enhanced and cause detrimental effects on the patient is
the reason why vascular occlusion was initially applied
with restraints in laparoscopy, to prevent a worse hepatic
ischemia-reperfusion injury and consequent functional
damage in cases of impaired livers. In reality, the lower
biological impact of laparoscopy in terms of alteration of
blood coagulation profile and lactate increase is one of
the reasons for the widespread diffusion and acquirement
of an established role for this technique for liver surgery,
especially in “high risk” patients (6). On the other side,
the effect of pneumoperitoneum may reduce the rate of
non-responders to Pringle maneuver, causing a complete
interruption of the microcirculation.

"The concern of a potential damage especially on the fragile
parenchyma (i.e., chronic liver disease and damage from
chemotherapy) is the reason why control of the ischemia-
reperfusion damage through the application of intermittent
clamping and implementing the ischemic pre-conditioning
technique has traditionally been recommended. With the
same rationale, the analysis of the effect of preoperative
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steroid administration has been extensively studied to reduce
the activation of the inflammatory damage that underlies
sinusoidal liver damage (7). These latest studies have often
produced conflicting results and—in light of the findings
of Shen er al. (3)—it is possible that this heterogeneity of
results may be a consequence of a different level of “damage”
which parallels the abovecited heterogeneity of effect on the
microcirculation of vascular occlusion; this hypothesis needs
to be validated investigating the effect of the steroid in the
prevention of ischemia-reperfusion damage specifically in the
population of full responders.

In conclusion, the preliminary data from Shen ez 4/. (3)
open an interesting and necessary in-depth window, aimed at
investigating the effects of vascular occlusion maneuvers in
some specific settings after stratification of patients according
to their microcirculatory response. This would allow a further
improvement in the haemodynamic management patients,
a better control of the consequences of used techniques and
technologies and finally an optimization of the prevention of
parenchymal damage following portal clamping.
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