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Red blood cell transfusion in liver resection
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Abstract
Background Several modalities exist for the management of hepatic neoplasms. Resection, the most effective approach, carries
significant risk of hemorrhage. Blood loss may be corrected with red blood cell transfusion (RBCT) in the short term, but may
ultimately contribute to negative outcomes.
Purpose Using available literature, we seek to define the frequency and risk factors of blood loss and transfusion following
hepatectomy. The impact of blood loss and RBCT on short- and long-term outcomes is explored with an emphasis on peri-
operative methods to reduce hemorrhage and transfusion.
Results Following hepatic surgery, 25.2–56.8% of patients receive RBCT. Patients who receive RBCT are at increased risk of
surgical morbidity in a dose-dependent manner. The relationship between blood transfusion and surgical mortality is less
apparent. RBCTmight also impact long-term oncologic outcomes including disease recurrence and overall survival. Risk factors
for bleeding and blood transfusion include hemoglobin concentration < 12.5 g/dL, thrombocytopenia, pre-operative biliary
drainage, presence of background liver disease (such as cirrhosis), coronary artery disease, male gender, tumor characteristics
(type, size, location, presence of vascular involvement), extent of hepatectomy, concomitant extrahepatic organ resection, and
operative time. Strategies to mitigate blood loss or transfusion include pre-operative (iron, erythropoietin), intra-operative
(vascular occlusion, parenchymal transection techniques, hemostatic agents, antifibrinolytics, low central pressure, hemodilution,
autologous blood recycling), and post-operative (normothermia, correction of coagulopathy, optimization of nutrition, restrictive
transfusion strategy) methods.
Conclusion Blood loss during hepatectomy is common and several risk factors can be identified pre-operatively. Blood loss and
RBCT during hepatectomy is associated with post-operative morbidity and mortality. Disease-free recurrence, disease-specific
survival, and overall survival may be associated with blood loss and RBCT during hepatectomy. Attention to pre-operative, intra-
operative, and post-operative strategies to reduce blood loss and RBCT is necessary.
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Introduction

Surgical resection and transplantation are the mainstay of cu-
rative approaches for primary and secondary hepatic tumors.
Transplantation is limited by the availability of suitable grafts,
requires immunosuppression, and is therefore used in a

limited variety of hepatic neoplasms. Given these limitations,
hepatic resection is more widespread. Liver resection is most
commonly performed for hepatic metastases, thus resection
rates are higher in regions with an increased incidence of
primary colorectal cancer [1]. Hepatocellular carcinoma and
cholangiocarcinoma are the most common primary malignant
tumors of the liver while hepatic adenoma is the most the
common benign neoplasm to undergo resection [2]. Rarely,
l iver resect ion is performed for hepatol i th ias is ,
angiomyolipoma, hemangioma, focal nodular hyperplasia,
and bile duct strictures [2].

Thirty-daymortality following partial hepatectomy is 1.9%
and increases to 5.8% for extended hepatectomy, whereas
morbidity has been reported between 22.6 and 32.8% [3].
Bleeding represents a major source of morbidity following
surgery and is often managed with red blood transfusion
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(RBCT). Unarguably, RBCT is necessary in some clinical
situations to improve tissue perfusion and oxygenation.
However, RBCT is not without consequence as it may result
in acute lung injury and worse 30-daymorbidity and mortality
[4, 5]. It has also been associated with worse long-term out-
comes such as increased tumor recurrence potentially second-
ary to immunosuppressive effects [6]. Thereby, efforts to min-
imize blood transfusions have been carried out [5]. Several
randomized trials have demonstrated that restrictive blood
transfusion strategies (transfusion for hemoglobin < 7.0–
8.0 g/dL) yield non-inferior results to liberal transfusion strat-
egies [7, 8]. Furthermore, restrictive strategies can result in
economic savings of $760 USD for each unit of blood that
is not transfused [9]. As a result, many centers have adopted a
restrictive transfusion protocol to minimize the untoward ef-
fects of unnecessary blood transfusion and its associated costs.

Bleeding during hepatectomy is commonly encountered
and the subsequent impact of RBCTon outcomes is an impor-
tant concern. Yet, few studies have summarized the impact of
bleeding and RBCT on short- and long-term outcomes after
hepatectomy together with an in-depth analysis of recom-
mended practices to reduce unnecessary RBCT. Herein, we
highlight available literature focusing on the scope of the
problem, short- and long-term implications, risk factors, and
strategies to mitigate blood loss and RBCT associated with
hepatic resection.

Blood loss and transfusion in hepatectomy

Frequency

Intra-operative blood loss is highly correlated with RBCT, but
much harder to measure reliably and thus prone to inaccuracy.
Therefore, RBCT is a better measure of extent of bleeding,
and will be the focus through the remainder of this manuscript.
Within the literature, there is great variation in the proportion
of patients who receive RBCT following hepatecto-
my(25.2%–56.8%) [10–12]. For example, one analysis of
the National Inpatient Sample (NIS) in the USA revealed
56.8% of patients received a blood transfusion, while in an
analysis of the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP) the transfu-
sion rate was half that [11, 12]. These variations are likely
related to differences in the timeframe of the studies, and per-
haps due to differences in the types of patients included. The
NIS evaluation was carried out between 1998 and 2004,
whereas the NSQIP study sampled patients between 2007
and 2012. Over the corresponding timeframe, there was a
trend towards increased use of parenchyma-sparing resection
techniques, decrease in the quantity of liver segments
resected, and several other changes in practice patterns [13].
Other studies confirm this trend [10].

Heterogeneity between the large databases may also ac-
count for some of differences. NSQIP includes a select group
of hospitals in the USA (US) committed to quality improve-
ment initiatives, whereas, NIS includes all US hospitals.
Differences across the same procedure have been previously
reported [14]. It is plausible that those hospitals participating
in NSQIP have lower RBCT rate due systematic examination
of surgical outcomes and initiation of quality improvement
processes [14]. Nonetheless, these studies provide insight into
the nature of the problem.

Short-term outcomes

RBCT can impact several short-term outcomes following hepa-
tectomy. Immunomodulatory effects of RBCT on the recipient
and the resultant susceptibility to infection and impaired anti-
tumor activity are key mechanisms that may impact patient out-
comes [15]. Furthermore, RBCT may initiate pro-inflammatory
mediators that can lead to multi-organ failure and mortality [15].

Surgical morbidity after hepatectomy increases with the
use of RBCT. Several retrospective studies have compared
RBCT in hepatectomy with a reported complication rate of
17–64% among those who receive transfusion compared with
5–33% without a transfusion [12, 16–19]. The difference in
the reported rate between studies varies widely and this can be
partially attributed to the differing definitions of morbidity
between studies and heterogenous study groups. Post-
operative infection is the most common morbidity encoun-
tered; further reinforcing the immunomodulatory theory re-
garding mechanistic action.

RBCT is associated with a higher rate of mortality in some
studies. For example, in one study, 30-day post-operativemor-
tality was reported as 5.6% in patients who received RBCT
after hepatectomy compared to 1.0% in patients without a
blood transfusion [12]. This trend is not seen in several other
studies however, possibly due to limited power to appropri-
ately investigate this effect [10]. Nevertheless, the strong as-
sociation with post-operative morbidity, potential association
with mortality, and the reality that RBCT is a limited resource
makes a compelling case to avoid RBCTwhen possible.

Oncologic outcomes

Blood loss and transfusion after hepatectomy may also in-
crease risk of cancer recurrence, thereby decreasing disease-
specific survival and overall survival (OS) [20]. This is likely
multifactorial, related to suboptimal resection, post-operative
complications, and possibly the immunomodulatory and pro-
inflammatory effects of RBCT [15]. A single institution re-
view of long-term outcomes for patients undergoing resection
of colorectal liver metastasis revealed 5-year OS was worse in
patients who received a RBCT compared to those that did not
receive a transfusion after controlling for other potential
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confounders (45.9 vs. 61.0%, respectively; p < 0.0001) [21].
Five-year recurrence-free survival (RFS) was also lower in
patients who received a blood transfusion compared to those
who did not (15.5 vs. 31.6%, respectively; p < 0.0001) [21]. In
a systematic review involving 18 studies, 10 studies demon-
strated an association between transfusion and OS [10]. Thus,
bleeding and blood transfusion may impact oncologic out-
comes but the relationship and mechanism remain uncertain.

Risk factors

Several studies have investigated risk factors associated with
RBCT after hepatectomy (Table 1) [20, 22–25]. Pre-operative
risk factors most consistently associated with blood loss in-
clude hemoglobin concentration < 12.5 g/dL, thrombocytope-
nia, pre-operative biliary drainage, presence of background
liver disease (such as cirrhosis), coronary artery disease, and
male gender [20, 26]. Intra-operative factors associated with
increased bleeding include tumor characteristics (type, size,
location, presence of vascular involvement), extent of hepa-
tectomy, concomitant extrahepatic organ resection, and oper-
ative time [20, 26]. Some of the pre-operative risk factors may
be modifiable such as anemia and pre-operative biliary drain-
age. Overall, surgeons should be aware of these factors and
take them into consideration to assess risk and direct mitiga-
tion strategies.

Risk calculators

In light of the identified risk factors above, several groups
have designed tools to predict the risk for blood transfusion
[26–28]. Recently, a simplified tool that incorporates features
common to several of the calculators was developed to include
primary liver malignancy, major liver resection, and
hemogloblin ≤ 12.5 g/L [29]. This tool is relatively easy to
use compared to predecessors which had complex variables
including intra-operative assessment, thereby limiting its ap-
plication in clinical practice. Unlike older tools, this newer
version has been validated with good performance in an ex-
ternal multi-institutional data set [30].

Strategies to minimize transfusions
in hepatectomy

Bleeding is a common complication of hepatic resection and
frequently results in the need for allogenic blood transfusion.

Several peri-operative strategies have been reported to be ef-
fective in reducing the risk of significant hemorrhage during
hepatectomy requiring RBCT (Table 2). Patient blood man-
agement (PBM), based on published evidence and best prac-
tice, improves post-operative morbidity, mortality, and re-
source utilization [31–33]. PBM programs focus on three pil-
lars of care throughout the patient’s peri-operative journey: the
detection and treatment of pre-operative anemia, reduction of
peri-operative blood loss, and harnessing and optimizing the
patient-specific physiological reserve of anemia [34].
Recently, an expert consensus was established regarding
PBM specific to patients undergoing liver resection, to sup-
port implementation in practice [35].

Pre-operative strategies

Pre-operative optimization of medical risk factors is important
in reducing peri-operative transfusion requirements.
Reviewing and correcting (where possible) biochemical pa-
rameters including serum albumin (a marker of overall nutri-
tional status), hemoglobin, platelet count, and clotting studies
(i.e., INR, PTT) in addition to timely stoppage and/or reversal

Table 1 Three-point
transfusion risk score 1. Hemoglobin concentration < 12.5 g/dL

2. Primary liver malignancy

3. Major liver resection (> 3 segments)

Table 2 Patient blood management protocol

Pre-operative strategies
1. Routine anemia work up (i.e., CBCa, ferritin, transferrin saturation,

vitamin B12, creatinine) during initial consultation for surgery
2. Oral iron in patients with iron deficiency anemia (serum ferritin

< 30 μg/L or serum ferritin < 100 μg/L if transferrin saturation < 20%)
3. Intravenous iron in patients with oral iron intolerance or those

< 4 weeks from surgery
4. EPOb should be reserved for patients with special blood needs (i.e.,

alloimmunization, refusal of RBCTc, failure of iron therapy)

Intra-operative strategies
5. Pringle maneuver performed in 15–20 min intervals alternating with

5 min gaps for hepatic reperfusion
6. Clamp-crush technique: operative clamp used to compress the paren-

chyma and expose vessels/ biliary channels that are subsequently
clipped, cauterized, ligated, or sealed

7. Fibrin, collagen, and oxidized cellulose agents (as per availability and
experience)

8. Tranexamic acid
9. Low CVPd (≤ 5 cm H2O) anesthesia in the pre-hepatic resection phase.

Includes judicious use of fluids (< 1 mL/kg/h), accepting marginal
urine output (25 cc/h), and Trendelenburg positioning (150)

10. Acute normovolemic hemodilution in patients at risk of major blood
loss

11. Intra-operative cell salvage in patients with > 25% risk of RBCTc

Post-operative strategies
12. Consider RBCTc for Hb ≤ 75 g/L in the immediate post-hepatectomy

period
13. Consider RBCTc for Hb ≤ 70 g/L in hemodynamically normal

patients in the late post-operative period
14. Consider RBCTc for Hb ≤ 80 g/L in patients with CADe in the late

post-operative period

a CBC, complete blood count; b EPO, erythropoietin; c RBCT, red blood
cell transfusion; d CVP, central venous pressure; e CAD, coronary artery
disease
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of anticoagulant and antiplatelet drugs is a crucial aspect of
preparing a patient for liver surgery [36].

Iron

Pre-operative anemia is an established predictor of negative
outcomes and peri-operative RBCT in patients undergoing
major elective intra-abdominal surgery [37]. Pre-operative
anemia should be routinely assessed at the time of the initial
surgical consultation to facilitate its timely workup and treat-
ment prior to the date of surgery. The work-up includes com-
plete blood count for all patients, and ferritin, transferrin sat-
uration, vitamin B12, and creatinine for patients with anemia.
In order to avoid the need for patients to return for a second
sample upon identification of anemia, consideration should be
given to routine anemia work-up in all patients at the time of
initial consultation [35, 38].

Iron deficiency, the most common cause of pre-operative
anemia, is an easily modifiable risk factor, but is rarely ad-
dressed in practice. In a recent practice survey of general sur-
geons, nearly 51% of respondents were unlikely to conduct a
pre-operative anemia workup. Further, half of the participants
did not use pre-operative oral iron supplementation for anemia
[39]. Despite equal short-term efficacy, IV iron has been
shown to have less morbidity and better gastrointestinal toler-
ability than oral iron [40]. In a recent randomized controlled
trial (RCT) of 72 patients, administration of IV iron reduced
the need for blood transfusions by 60% compared to routine
care and was associated with a shorter hospital length of stay,
enhanced restoration of iron stores, and a higher mean hemo-
globin concentration 4 weeks after surgery [41]. The admin-
istration of IV iron, therefore, can translate into significant
benefits for the patient in the immediate post-operative period
and several weeks thereafter, but is logistically more complex
than oral supplementation. Therefore, current guidelines rec-
ommend prompt administration of oral iron in the pre-
operative period for patients with iron deficiency anemia (se-
rum ferritin < 30 μg/L or serum ferritin < 100 μg/L if trans-
ferrin saturation < 20%) [38]. Patients with oral iron intoler-
ance or those less than 4 weeks away from surgery should be
given IV iron for further pre-operative optimization [38].

Erythropoietin

The efficacy of other agents, including recombinant human
erythropoietin (EPO), to avoid or reduce the need for RBCT
has not been studied in patients undergoing hepatic resection.
Current guidelines do not recommend the routine use of pre-
or peri-operative EPO [38, 42, 43]. Such therapies should be
reserved for patients with special blood needs (i.e., complex
alloimmunization) or in a select population of patients who
refuse RBCT or where iron therapy fails.

Intra-operative strategies

Intra-operative management of anemia and blood loss hinges
on effective collaboration and communication including the
surgical and anesthesia teams. Combining the best available
evidence with expert multidisciplinary opinion suggests that it
is appropriate to transfuse in the presence of significant intra-
operative bleeding, ST segment changes, or an intra-operative
hemoglobin of ≤ 75 g/L. It is inappropriate to transfuse for a
hemoglobin of ≥ 95 g/L in the absence of significant bleeding
or ST changes. Transfusion for a hemoglobin of ≥ 85 g/L
requires strong justification and should by informed by a dia-
log between the surgical and anesthesia teams prior to trans-
fusion [44]. Both surgical and medical strategies are often
used in conjunction to minimize blood loss and reduce the
need for RBCT.

Surgical techniques

Vascular occlusion Portal pedicle clamping (PPC) was first
described by J.H. Pringle in 1908 [45]. The ‘Pringle’ maneu-
ver involves manual temporary occlusion of portal venous and
hepatic arterial inflow via a variety of different methods. Most
commonly, intermittent PPC is performed in 10–20 min inter-
vals alternating with 5 min gaps for hepatic reperfusion [46].
This has been shown to safely extend warm ischemic times up
to 120 min. Selective inflow occlusion strategies have also
been proposed to reduce the risk of ischemia to the remnant
parenchyma, including hemi-hepatic inflow occlusion or total
portal vein occlusion. These techniques require more ad-
vanced portal dissection, and the available trials have failed
to demonstrate any clinical benefit over total inflow occlusion
[47]. Other concerns about the safety of PPC with respect to
progression of liver metastases secondary to ischemia-
reperfusion have been refuted, including by a large matched
cohort study demonstrating no differences in overall or
recurrence-free survival in hepatectomy for colorectal liver
metastases, with and without PPC [48]. A recent Cochrane
review examining vascular occlusion during elective liver re-
sections deemed PPC effective in significantly reducing blood
loss compared to no vascular occlusion [49]. This technique is
well tolerated in patients, appears to reduce blood loss during
transection, and should be used liberally to reduce bleeding
and need for RBCT in patients undergoing hepatic resection.

Total hepatic vascular exclusion (THVE) necessitates con-
trol and clamping of the infra- and supra-hepatic inferior vena
cava [50]. This technique offers comparable levels of blood
loss and transfusion requirements to PPC, but substantially
increases operative hemodynamic instability (by hindering
IVC flow and venous return to the heart), ischemic duration,
hospital stay and post-operative complications such as pulmo-
nary emboli [51]. A more selective approach, involving
retrohepatic dissection and individual occlusion of the left,
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middle, and right hepatic veins, offers decreased blood loss
and transfusion requirements compared to PPC alone [52].
However, the complexity of this technique, as well as added
operative time and potential for complications, has limited its
use in clinical practice. THVE is not recommended for routine
use and may only be indicated in special circumstances such
as caval and hepatic vein resections, and in patients with ele-
vated CVP (i.e., right-sided heart failure) [47]. A recent meta-
analysis has deemed the evidence on this topic to be of low to
very low quality [53].

Parenchymal transection techniques Hepatic parenchymal
transection includes three components: dissection, vessel liga-
tion and sealing, and management of the remnant liver sur-
face. The finger fracture method is a traditional dissection
technique that involves manual compression of the liver pa-
renchyma to delineate vessels [54, 55]. The ‘clamp-crush’
method expands on the finger fracture method by utilizing
an operative clamp to compress the parenchyma along the
transection line, thereby exposing blood vessels and biliary
channels that are subsequently clipped, cauterized, ligated or
sealed [56]. New products including radiofrequency, ultrason-
ic, and water jet devices may be used as an adjunct for dissec-
tion in liver surgery.

Hydrojet devices employ pressurized water to dissect pa-
renchyma and leave vasculobiliary structures for division, but
have not been shown to decrease blood loss or RBCT trans-
fusion [57]. Similarly, ultrasonic mechanical wave dissectors
are theoretically appealing but have not been shown to offer
better hemorrhage control [58]. One randomized study of 100
patients suggested that ultrasonic devices may in fact increase
operative blood loss when compared the clamp-crush ap-
proach [57]. Their use, therefore, has not been shown to offer
any benefit in decreasing morbidity or transfusion require-
ments during hepatectomy [59]. Radiofrequency devices use
electromechanical waves to coagulate tissue, but evidence
from at least two prospective randomized studies suggest that
these devices can significantly increase post-operative com-
plications in comparison to the clamp-crush technique [57,
60]. Therefore, its use is currently only recommended in the
clinical trial setting [53]. In summary, despite several new
options available for parenchymal transection, none have
demonstrated consistent reduction in bleeding or RBCT.
Furthermore, the clamp-crush technique is substantially
cheaper than all of these methods [59].

Vessel and biliary ligation may be achieved mechanically
using clips and ties, or using a variety of energy devices.
Energy devices offer time-savings, but have not yet been
shown to offer a significant reduction in blood loss and mor-
bidity compared tomechanical methods [61]. Finally, vascular
staplers may be used selectively for large vascular or biliary
structures in combination with a parenchymal dissection tech-
nique, or in isolation for simultaneous compression and

transection of parenchyma and vasculature. Although expedi-
tious, full stapled hepatectomy may hinder precise dissection
and results in increased costs compared to most other tech-
niques [47, 62].

In summary, several combinations of instruments and tech-
niques may be effectively used to dissect, seal, and divide
hepatic parenchyma. None of these have been definitely
shown to be superior to others, thus surgeons should develop
comfort and expertise in one technique and learn to optimize
this for their practice [35].

Hemostatic agents Biological and synthetic agents commonly
used for hemorrhage control from the remnant liver include
fibrin, collagen, and oxidized cellulose. Fibrin agents require
preparation, with activating agents like calcium chloride and
thrombin, prior to application [63]. Collagen agents can be
applied in sheets and offer faster times to hemostasis than
most other products [64]. Oxidized cellulose polymers func-
tion as absorbable patches that promote coagulation to achieve
hemostasis [63]. A recent meta-analysis of five trials conclud-
ed that fibrin sealants may reduce the quantity of blood trans-
fusions when compared to controls as well as oxidized cellu-
lose products [53]. Combination studies examining the use of
fibrin and collagen agents have failed to show an improve-
ment in transfusion requirements compared to traditional tech-
niques [65]. Most topical agents now include both fibrin and
collagen, and while there are studies involving a multitude of
commercially available products, differences in blood loss and
transfusion requirements are based on low-quality evidence
[53]. Their use, therefore, is surgeon dependent, and varies
based on cost and hospital level availability of products [35].

Non-surgical therapies

AntifibrinolyticsAdministration of anti-fibrinolytic agents can
help mitigate the hyper-fibrinolytic state related to systemic
inflammation and hepatic injury during hepatectomy [66].
Plasmin inhibitors, such as aprotinin, are rarely used in clinical
practice due to adverse effects on renal function and increased
mortality when compared to plasminogen inhibitors such as
tranexamic acid (TXA) [67]. TXA has been shown to reduce
bleeding in various settings (trauma surgery, orthopedic sur-
gery, spine surgery) [68], but its use in liver surgery has not
been established. In one randomized trial of 214 hepatecto-
mies, patients receiving 500 mg of intravenous TXA before
surgery followed by 250 mg, every 6 h, for 3 days, had sig-
nificantly lower amounts of operative blood loss and blood
transfusion rates [69]. The ongoing multicenter Hemorrhage
During Liver Resection: Tranexamic Acid (HeLiX;
NCT02261415) trial is expected to shed further light on the
role of intraoperative TXA administration for hemostasis dur-
ing hepatectomy. Other agents such as recombinant factor
VIIa have not been shown to reduce blood loss and
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transfusion requirements in hepatectomy and should not be
used outside of clinical trials or special circumstances [70, 71].

Low central venous pressure Low central venous pressure
(CVP), generally ≤ 5 cmH2O, reduces the impedance of blood
flow from the hepatic venous system to the inferior vena cava,
thereby reducing retrograde venous bleeding and offering im-
proved hemostasis during hepatectomy [72]. Low CVP anes-
thesia is an established method of reducing intra-operative
blood loss, transfusion requirements, and peri-operative mor-
bidity in liver surgery [73]. The pre-hepatic resection phase is
characterized by judicious use of intravenous fluids (< 1 mL/
kg/h), accepting marginal urine output (25 cc/h) and
Trendelenburg positioning (150) to increase venous return to
the heart while maintaining a low CVP in the inferior vena
cava [47, 74]. This method can lead to significant reductions
in blood loss and transfusion requirements without any ad-
verse effects on renal function and post-operative mortality
[72].

Pharmacological interventions may be needed to achieve
target CVP in this phase, including intravenous nitroglycerin,
morphine, and furosemide [75]. Excessive hypotension (SBP
< 90 mmHg) may need correction with small corrective bo-
luses of crystalloid solution and/ or vasopressor agents such as
Dopamine [47]. While hypoventilation can also aid in CVP
reduction by lowering intrathoracic pressures, a randomized
controlled trial failed to demonstrate a beneficial effect on
bleeding during hepatic resection [76].

The post-resection phase consists of fluid resuscitation,
targeting euvolemia to normalize blood pressure and urine
output. Routine CVP monitoring (via central venous catheter-
ization) is not routinely recommended in either the pre- or
post-hepatic resection phase of intra-operative fluid manage-
ment [77].

Hemodilution Acute normovolemic hemodilution (ANH) in-
volves pre-operative removal and storage of a calculated vol-
ume of the patient’s blood. Euvolemia is maintained by re-
placing blood volumewith varyingmixtures of crystalloid and
colloid solutions. Allowable blood loss is determined using an
established formula: VL = EBV x H0 – HF/HAV, where VL is
the allowable blood loss, EBV is the estimated blood volume,
H0 is the patient’s initial hemoglobin, HF is the patient’s min-
imal allowable hemoglobin, and HAV is the average of the
initial and minimal allowable hemoglobin [78]. Upon
reaching a previously established transfusion threshold, stored
autologous blood is reinfused with the goal of minimizing the
use of allogenic blood. In a RCT of 130 patients, ANH re-
duced the overall allogenic red cell transfusion rate by 50%
compared with standard anesthetic techniques. These benefits
were most pronounced in patients with > 800 mL blood loss.
Notably, the low CVP technique was used in both arms of this
study. ANH patients also had significantly higher post-

operative hemoglobin levels and required fewer red cell units
overall [79]. The use of ANH should be considered in hepa-
tectomy patients deemed to be at risk of major blood loss [79].

Phlebotomy Phlebotomy involves removal of 7–10mL per kg
of body weight of whole blood, with an aim to decrease CVP
and establish a state of relative hypovolemia. The removed
blood is not replaced by intravenous fluid administration and
is transfused back at the end of the liver parenchymal transec-
tion, or within 8 h of collection [80]. The safety and feasibility
of this technique is well-demonstrated in the literature. In a
prospective sample of 138, phlebotomy with controlled hypo-
volemia was shown to be significantly protective of peri-
operative transfusions, compared to low CVP anesthesia alone
[80]. The ongoing Phlebotomy Resulting in Controlled
Hypovolemia to Prevent Blood Loss in Major Hepatic
Resections (PRICE) trial (NCT02548910) is expected to shed
further light on the clinical utility of phlebotomy in minimiz-
ing transfusions after hepatectomy.

Autologous blood recycling Autologous blood recycling is a
way of recovering blood lost during surgery and re-infusing it
into the patient. Intra-operative cell salvage (ICS) is effica-
cious in reducing the need for allogenic blood transfusions
in adult elective surgery [81]. There remains controversy
around the use of ICS in hepatectomy for cancer, due to the
risk of systemic dissemination of malignant cells. A meta-
analysis of observational studies, however, did not demon-
strate any association between ICS and cancer recurrence
[82]. Routine use of ICS has been shown to be cost-
minimizing during liver resection, especially in patients with
> 25% risk of blood transfusion, and may be considered in this
setting [83].

Post-operative strategies

In the immediate post-operative period, patients must be care-
fully monitored for post-operative bleeding, reflected by
changes in clinical and biochemical parameters. Maintaining
normothermia [84], correcting coagulopathy in the presence
of active bleeding [85], and ensuring adequate nutrition [86]
all reduce the rate of allogenic blood transfusions and its as-
sociated risks. It is important to note that PT-INR is an inad-
equate predictor of functional coagulation in the post-
hepatectomy population and should not be used to guide the
decision to transfuse FFP or to initiate or delay thromboem-
bolic prophylaxis [87].

Post-operative transfusions

Combining the best available scientific evidence with multi-
disciplinary expert opinion suggests that it is appropriate to
transfuse for a Hb of ≤ 75 g/L, in the immediate post-
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hepatectomy period [44]. A more restrictive transfusion strat-
egy is recommended for patients in the late post-operative
period. Hemodynamically stable patients without coronary
artery disease (CAD) should be transfused at a Hb of ≤ 70 g/
L. Those with CAD may benefit from the additional oxygen
carrying capacity, and should be transfused at a Hb of ≤ 80 g/L
[44, 88, 89]. It is also recommended that a single unit of
packed red cells be administered at a time, and that hemoglo-
bin and symptoms be reassessed following transfusion prior to
administering additional units [35, 90, 91].

Implementing a systematic multi-pronged protocol to re-
duce intra-operative blood loss and subsequent blood transfu-
sions may be effective in reducing the morbidity and mortality
associated with hepatic resections.

Conclusion

Hemorrhage during hepatectomy is associated with substan-
tial post-operative morbidity. It may also impact long-term
outcomes such as disease-free recurrence, disease-specific
survival and overall survival. As such, a concerted effort is
needed to minimize bleeding and blood transfusion using pre-
operative, intra-operative (surgical and non-surgical), and
post-operative strategies.

Compliance with ethical standards

Conflict of interest Dr. Karanicolas holds a research grant from Baxter
to study Hemopatch in patients undergoing distal pancreatectomy and has
received speaker honoraria from Sanofi. Dr. Hallet has received speaking
honoraria from Ipsen Biopharmaceuticals Canada and Novartis
Oncology. Dr. Latchana and Hirpara have nothing to disclose.

Ethical approval This article does not contain any studies with human
participants performed by any of the authors.

References

1. McColl RJ, Brar B, Ghali WA, Dixon E (2009) Hepatic resection in
Canada: rates and geographic variation. Can J Surg 52(6):E264–E268

2. Machado MA, Makdissi FF, Surjan RC (2012) Laparoscopic liver
resection: personal experience with 107 cases. Rev Col Bras Cir
39(6):483–488

3. Kneuertz PJ, Pitt HA, Bilimoria KY, Smiley JP, CohenME, Ko CY,
Pawlik TM (2012) Risk of morbidity and mortality following
hepato-pancreato-biliary surgery. J Gastrointest Surg 16(9):1727–
1735

4. Kim Y, Spolverato G, Lucas DJ, Ejaz A, Xu L, Wagner D, Frank
SM, Pawlik TM (2015) Red cell transfusion triggers and postoper-
ative outcomes after major surgery. J Gastrointest Surg 19(11):
2062–2073

5. Kuduvalli M, Oo AY, Newall N, Grayson AD, Jackson M,
Desmond MJ et al (2005) Effect of peri-operative red blood cell
transfusion on 30-day and 1-year mortality following coronary ar-
tery bypass surgery. Eur J Cardiothorac Surg 27(4):592–598

6. Burrows L, Tartter P (1982) Effect of blood transfusions on colonic
malignancy recurrent rate. Lancet 2(8299):662

7. Carson JL, Terrin ML, Noveck H, Sanders DW, Chaitman BR,
Rhoads GG, Nemo G, Dragert K, Beaupre L, Hildebrand K,
Macaulay W, Lewis C, Cook DR, Dobbin G, Zakriya KJ, Apple
FS, Horney RA, Magaziner J, FOCUS Investigators (2011) Liberal
or restrictive transfusion in high-risk patients after hip surgery. N
Engl J Med 365(26):2453–2462

8. Hajjar LA, Vincent JL, Galas FR, Nakamura RE, Silva CM, Santos
MH et al (2010) Transfusion requirements after cardiac surgery: the
TRACS randomized controlled trial. JAMA 304(14):1559–1567

9. Ejaz A, Frank SM, Spolverato G, Kim Y, Pawlik TM (2015)
Potential economic impact of using a restrictive transfusion trigger
among patients undergoing major abdominal surgery. JAMA Surg
150(7):625–630

10. Bennett S, Baker LK, Martel G, Shorr R, Pawlik TM, Tinmouth A,
McIsaac DI, Hébert PC, Karanicolas PJ, McIntyre L, Turgeon AF,
Barkun J, Fergusson D (2017) The impact of perioperative red
blood cell transfusions in patients undergoing liver resection: a sys-
tematic review. HPB (Oxford) 19(4):321–330

11. Marwah S, Khan MM, Chaudhary A, Gupta S, Negi SS, Soin A
et al (2007) Two hundred and forty-one consecutive liver resec-
tions: an experience from India. HPB (Oxford) 9(1):29–36

12. Hallet J, Mahar AL, Nathens AB, Tsang ME, Beyfuss KA, Lin Y,
Coburn NG, Karanicolas PJ (2018) The impact of perioperative
blood transfusions on short-term outcomes following hepatectomy.
Hepatobiliary Surg Nutr 7(1):1–10

13. Jarnagin WR, Gonen M, Fong Y, DeMatteo RP, Ben-Porat L, Little
S et al (2002) Improvement in perioperative outcome after hepatic
resection: analysis of 1,803 consecutive cases over the past decade.
Ann Surg 236(4):397–406 discussion −7

14. Weiss A, Anderson JE, Chang DC (2015) Comparing the national
surgical quality improvement program with the nationwide inpa-
tient sample database. JAMA Surg 150(8):815–816

15. Vamvakas EC, Blajchman MA (2007) Transfusion-related
immunomodulation (TRIM): an update. Blood Rev 21(6):327–348

16. Kooby DA, Stockman J, Ben-Porat L, Gonen M, Jarnagin WR,
Dematteo RP, Tuorto S, Wuest D, Blumgart LH, Fong Y (2003)
Influence of transfusions on perioperative and long-term outcome
in patients following hepatic resection for colorectal metastases.
Ann Surg 237(6):860–869 discussion 9-70

17. Kuroda S, Tashiro H, Kobayashi T, Oshita A, Amano H, Ohdan H
(2012) No impact of perioperative blood transfusion on recurrence
of hepatocellular carcinoma after hepatectomy. World J Surg 36(3):
651–658

18. Gozzetti G, Mazziotti A, Grazi GL, Jovine E, Gallucci A,
Gruttadauria S, Frena A, Morganti M, Ercolani G, Masetti M,
Pierangeli F (1995) Liver resection without blood transfusion. Br
J Surg 82(8):1105–1110

19. Ejaz A, Spolverato G, Kim Y, Margonis GA, Gupta R, Amini N,
Frank SM, Pawlik TM (2015) Impact of blood transfusions and
transfusion practices on long-term outcome following
hepatopancreaticobiliary surgery. J Gastrointest Surg 19(5):887–
896

20. Katz SC, Shia J, Liau KH, GonenM, Ruo L, JarnaginWR, Fong Y,
D Angelica MI, Blumgart LH, DeMatteo RP (2009) Operative
blood loss independently predicts recurrence and survival after re-
section of hepatocellular carcinoma. Ann Surg 249(4):617–623

21. Hallet J, Tsang M, Cheng ES, Habashi R, Kulyk I, Hanna SS et al
(2015) The impact of perioperative red blood cell transfusions on
long-term outcomes after hepatectomy for colorectal liver metasta-
ses. Ann Surg Oncol 22(12):4038–4045

22. Chen JS, Huang JQ, Chen XL, Zhan GF, Feng JT (2015) Risk
factors associated with intraoperative major blood loss during re-
section of hepatocellular carcinoma. Hepato-Gastroenterology
62(140):790–793

Langenbecks Arch Surg (2019) 404:1–9 7



23. Sirichindakul B, Chanwat R, Nonthasoot B, Suphapol J,
Nivatvongs S (2005) Risk factors associated with major intraoper-
ative blood loss in hepatic resection for hepatobiliary tumor. J Med
Assoc Thail 88(Suppl 4):S54–S58

24. Shirabe K, Kajiyama K, Harimoto N, Tsujita E, Wakiyama S,
Maehara Y (2010) Risk factors for massive bleeding during major
hepatectomy. World J Surg 34(7):1555–1562

25. Helling TS, Blondeau B, Wittek BJ (2004) Perioperative factors
and outcome associated with massive blood loss during major liver
resections. HPB (Oxford) 6(3):181–185

26. Cockbain AJ, Masudi T, Lodge JP, Toogood GJ, Prasad KR (2010)
Predictors of blood transfusion requirement in elective liver resec-
tion. HPB (Oxford) 12(1):50–55

27. Pulitanò C, Arru M, Bellio L, Rossini S, Ferla G, Aldrighetti L
(2007) A risk score for predicting perioperative blood transfusion
in liver surgery. Br J Surg 94(7):860–865

28. Sima CS, Jarnagin WR, Fong Y, Elkin E, Fischer M, Wuest D,
D’Angelica M, DeMatteo RP, Blumgart LH, Gönen M (2009)
Predicting the risk of perioperative transfusion for patients under-
going elective hepatectomy. Ann Surg 250(6):914–921

29. Lemke M, Law CH, Li J, Dixon E, Tun Abraham M, Hernandez
Alejandro R et al (2017) Three-point transfusion risk score in hep-
atectomy. Br J Surg 104(4):434–442

30. LemkeM,Mahar A, Karanicolas PJ, Coburn NG, LawCHL, Hallet
J (2018) Three point transfusion risk score in hepatectomy: an ex-
ternal validation using the American College of Surgeons-National
Surgical Quality Improvement Program (ACS-NSQIP). HPB
(Oxford) 20(7):669–675

31. Freedman J, Luke K, Escobar M, Vernich L, Chiavetta JA (2008)
Experience of a network of transfusion coordinators for blood con-
servation (Ontario Transfusion Coordinators [ONTraC]).
Transfusion 48(2):237–250

32. Froman JP, Mathiason MA, Kallies KJ, Bottner WA, Shapiro SB
(2012) The impact of an integrated transfusion reduction initiative
in patients undergoing resection for colorectal cancer. Am J Surg
204(6):944–950 discussion 50-1

33. LaPar DJ, Crosby IK, Ailawadi G, Ad N, Choi E, Spiess BD et al
(2013) Blood product conservation is associated with improved
outcomes and reduced costs after cardiac surgery. J Thorac
Cardiovasc Surg 145(3):796–803 discussion −4

34. Clevenger B, Mallett SV, Klein AA, Richards T (2015) Patient
blood management to reduce surgical risk. Br J Surg 102(11):
1325–1337 discussion 4

35. Hallet J, Jayaraman S,Martel H, Ouellet J, Lin Y,McCluskey S et al
(2018) Patient blood management for liver resection: consensus
statements using Delphi methodology. HPB (Oxford). https://doi.
org/10.1016/j.hpb.2018.09.022

36. Marwell JG, Heflin MT, McDonald SR (2018) Preoperative screen-
ing. Clin Geriatr Med 34(1):95–105

37. Gupta PK, Sundaram A, Mactaggart JN, Johanning JM, Gupta H,
FangX et al (2013) Preoperative anemia is an independent predictor
of postoperative mortality and adverse cardiac events in elderly
patients undergoing elective vascular operations. Ann Surg
258(6):1096–1102

38. Muñoz M, deficiency pfticsop-omoai (2017) Peri-operative correc-
tion of non-anaemic iron deficiency. A reply. Anaesthesia 72(7):
911–2

39. Yohanathan L, Coburn NG, McLeod RS, Kagedan DJ, Pearsall E,
Zih FS et al (2016) Understanding perioperative transfusion prac-
tices in gastrointestinal surgery—a practice survey of general sur-
geons. J Gastrointest Surg 20(6):1106–1122

40. Schröder O, Mickisch O, Seidler U, de Weerth A, Dignass AU,
Herfarth H et al (2005) Intravenous iron sucrose versus oral iron
supplementation for the treatment of iron deficiency anemia in pa-
tients with inflammatory bowel disease—a randomized, controlled,

open-label, multicenter study. Am J Gastroenterol 100(11):2503–
2509

41. Froessler B, Palm P, Weber I, Hodyl NA, Singh R, Murphy EM
(2018) The important role for intravenous iron in perioperative
patient blood management in major abdominal surgery: a random-
ized controlled trial. Ann Surg 267(2):e39–e40

42. Kosmadakis N, Messaris E, Maris A, Katsaragakis S, Leandros E,
Konstadoulakis MM, Androulakis G (2003) Perioperative erythro-
poietin administration in patients with gastrointestinal tract cancer:
prospective randomized double-blind study. Ann Surg 237(3):417–
421

43. Devon KM, McLeod RS (2009) Pre and peri-operative erythropoi-
etin for reducing allogeneic blood transfusions in colorectal cancer
surgery. Cochrane Database Syst Rev 1:CD007148

44. Bennett S, Tinmouth A, McIsaac DI, English S, Hébert PC,
Karanicolas PJ et al (2018) Ottawa criteria for appropriate transfu-
sions in hepatectomy: using the RAND/UCLA appropriateness
method. Ann Surg 267(4):766–774

45. Pringle JH (1908) V. Notes on the arrest of hepatic hemorrhage due
to trauma. Ann Surg 48(4):541–549

46. Petrowsky H, McCormack L, Trujillo M, Selzner M, Jochum W,
Clavien PA (2006) A prospective, randomized, controlled trial com-
paring intermittent portal triad clamping versus ischemic precondi-
tioning with continuous clamping for major liver resection. Ann
Surg 244(6):921–928 discussion 8-30

47. Eeson G, Karanicolas PJ (2016) Hemostasis and hepatic surgery.
Surg Clin North Am 96(2):219–228

48. Tsang ME, Karanicolas PJ, Habashi R, Cheng E, Hanna SS,
Coburn NG, Law CHL, Hallet J (2015) The impact of portal ped-
icle clamping on survival from colorectal liver metastases in the
contemporary era of liver resection: a matched cohort study. HPB
(Oxford) 17(9):796–803

49. Gurusamy KS, Kumar Y, Ramamoorthy R, Sharma D, Davidson
BR (2009) Vascular occlusion for elective liver resections.
Cochrane Database Syst Rev 1:CD007530

50. Huguet C, Nordlinger B, Galopin JJ, Bloch P, Gallot D (1978)
Normothermic hepatic vascular exclusion for extensive hepatecto-
my. Surg Gynecol Obstet 147(5):689–693

51. Belghiti J, Noun R, Zante E, Ballet T, Sauvanet A (1996) Portal
triad clamping or hepatic vascular exclusion for major liver resec-
tion. A controlled study. Ann Surg 224(2):155–161

52. Smyrniotis VE, Kostopanagiotou GG, Contis JC, Farantos CI,
Voros DC, Kannas DC, Koskinas JS (2003) Selective hepatic vas-
cular exclusion versus Pringle maneuver in major liver resections:
prospective study. World J Surg 27(7):765–769

53. Moggia E, Rouse B, Simillis C, Li T, Vaughan J, Davidson BR et al
(2016) Methods to decrease blood loss during liver resection: a
network meta-analysis. Cochrane Database Syst Rev 10:CD010683

54. Lin TY (1973) Results in 107 hepatic lobectomies with a prelimi-
nary report on the use of a clamp to reduce blood loss. Ann Surg
177(4):413–421

55. Pachter HL, Spencer FC, Hofstetter SR, Coppa GF (1983)
Experience with the finger fracture technique to achieve intra-
hepatic hemostasis in 75 patients with severe injuries of the liver.
Ann Surg 197(6):771–778

56. Smyrniotis V, Arkadopoulos N, Kostopanagiotou G, Farantos C,
Vassiliou J, Contis J, Karvouni E (2005) Sharp liver transection
versus clamp crushing technique in liver resections: a prospective
study. Surgery 137(3):306–311

57. Lesurtel M, Selzner M, Petrowsky H, McCormack L, Clavien PA
(2005) How should transection of the liver be performed?: a pro-
spective randomized study in 100 consecutive patients: comparing
four different transection strategies. Ann Surg 242(6):814–822 dis-
cussion 22-3

8 Langenbecks Arch Surg (2019) 404:1–9

https://doi.org/10.1016/j.hpb.2018.09.022
https://doi.org/10.1016/j.hpb.2018.09.022


58. Takayama T, Makuuchi M, Kubota K, Harihara Y, Hui AM, Sano
K, Ijichi M, Hasegawa K (2001) Randomized comparison of ultra-
sonic vs clamp transection of the liver. Arch Surg 136(8):922–928

59. Gurusamy KS, Pamecha V, Sharma D, Davidson BR (2009)
Techniques for liver parenchymal transection in liver resection.
Cochrane Database Syst Rev 1:CD006880

60. Li M, Zhang W, Li Y, Li P, Li J, Gong J, Chen Y (2013)
Radiofrequency-assisted versus clamp-crushing parenchyma tran-
section in cirrhotic patients with hepatocellular carcinoma: a ran-
domized clinical trial. Dig Dis Sci 58(3):835–840

61. Ikeda M, Hasegawa K, Sano K, Imamura H, Beck Y, Sugawara Y,
Kokudo N, Makuuchi M (2009) The vessel sealing system
(LigaSure) in hepatic resection: a randomized controlled trial.
Ann Surg 250(2):199–203

62. Schemmer P, Friess H, Dervenis C, Schmidt J, Weitz J, Uhl W,
Büchler MW (2007) The use of endo-GIAvascular staplers in liver
surgery and their potential benefit: a review. Dig Surg 24(4):300–
305

63. Kakaei F, Seyyed Sadeghi MS, Sanei B, Hashemzadeh S,
Habibzadeh A (2013) A randomized clinical trial comparing the
effect of different haemostatic agents for haemostasis of the liver
after hepatic resection. HPB Surg 2013:587608

64. Fischer L, Seiler CM, Broelsch CE, de Hemptinne B, Klempnauer
J, Mischinger HJ, Gassel HJ, Rokkjaer M, Schauer R, Larsen PN,
Tetens V, Büchler MW (2011) Hemostatic efficacy of TachoSil in
liver resection compared with argon beam coagulator treatment: an
open, randomized, prospective, multicenter, parallel-group trial.
Surgery 149(1):48–55

65. de Boer MT, Klaase JM, Verhoef C, van Dam RM, van Gulik TM,
Molenaar IQ, Bosscha K, Dejong CH, van der Jagt E, Porte RJ,
FRESCO Trial Group (2012) Fibrin sealant for prevention of resec-
tion surface-related complications after liver resection: a random-
ized controlled trial. Ann Surg 256(2):229–234

66. Karanicolas PJ, Lin Y, Tarshis J, LawCH, CoburnNG, Hallet J et al
(2016) Major liver resection, systemic fibrinolytic activity, and the
impact of tranexamic acid. HPB (Oxford) 18(12):991–999

67. Schneeweiss S, Seeger JD, Landon J, Walker AM (2008) Aprotinin
during coronary-artery bypass grafting and risk of death. N Engl J
Med 358(8):771–783

68. Ker K, Roberts I (2015) Exploring redundant research into the
effect of tranexamic acid on surgical bleeding: further analysis of
a systematic review of randomised controlled trials. BMJ Open
5(8):e009460

69. Wu CC, HoWM, Cheng SB, Yeh DC, WenMC, Liu TJ, P’eng FK
(2006) Perioperative parenteral tranexamic acid in liver tumor re-
section: a prospective randomized trial toward a "blood transfu-
sion"-free hepatectomy. Ann Surg 243(2):173–180

70. Shao YF, Yang JM, Chau GY, Sirivatanauksorn Y, Zhong SX,
Erhardtsen E, Nivatvongs S, Lee PH (2006) Safety and hemostatic
effect of recombinant activated factor VII in cirrhotic patients un-
dergoing partial hepatectomy: a multicenter, randomized, double-
blind, placebo-controlled trial. Am J Surg 191(2):245–249

71. Lodge JP, Jonas S, Oussoultzoglou E,MalagóM, Jayr C, Cherqui D
et al (2005) Recombinant coagulation factor VIIa in major liver
resection: a randomized, placebo-controlled, double-blind clinical
trial. Anesthesiology 102(2):269–275

72. Wang WD, Liang LJ, Huang XQ, Yin XY (2006) Low central
venous pressure reduces blood loss in hepatectomy. World J
Gastroenterol 12(6):935–939

73. Gurusamy KS, Li J, Vaughan J, Sharma D, Davidson BR (2012)
Cardiopulmonary interventions to decrease blood loss and blood
transfusion requirements for liver resection. Cochrane Database
Syst Rev 5:CD007338

74. Melendez JA, Arslan V, Fischer ME, Wuest D, Jarnagin WR, Fong
Y, Blumgart LH (1998) Perioperative outcomes of major hepatic
resections under low central venous pressure anesthesia: blood loss,

blood transfusion, and the risk of postoperative renal dysfunction. J
Am Coll Surg 187(6):620–625

75. Hughes MJ, Ventham NT, Harrison EM, Wigmore SJ (2015)
Central venous pressure and liver resection: a systematic review
and meta-analysis. HPB (Oxford) 17(10):863–871

76. Hasegawa K, Takayama T, Orii R, Sano K, Sugawara Y, Imamura
H, Kubota K, Makuuchi M (2002) Effect of hypoventilation on
bleeding during hepatic resection: a randomized controlled trial.
Arch Surg 137(3):311–315

77. Wax DB, Zerillo J, Tabrizian P, Schwartz M, Hill B, Lin HM,
DeMaria S Jr (2016) A retrospective analysis of liver resection
performed without central venous pressure monitoring. Eur J Surg
Oncol 42(10):1608–1613

78. Messmer K, Kreimeier U, Intaglietta M (1986) Present state of
intentional hemodilution. Eur Surg Res 18(3–4):254–263

79. Jarnagin WR, Gonen M, Maithel SK, Fong Y, D'Angelica MI,
Dematteo RP, Grant F, Wuest D, Kundu K, Blumgart LH, Fischer M
(2008) A prospective randomized trial of acute normovolemic hemo-
dilution compared to standard intraoperative management in patients
undergoing major hepatic resection. Ann Surg 248(3):360–369

80. Rekman J, Wherrett C, Bennett S, Gostimir M, Saeed S, Lemon K,
Mimeault R, Balaa FK, Martel G (2017) Safety and feasibility of
phlebotomy with controlled hypovolemia to minimize blood loss in
liver resections. Surgery 161(3):650–657

81. Carless PA, Henry DA, Moxey AJ, O'Connell D, Brown T,
Fergusson DA (2010) Cell salvage for minimising perioperative
allogeneic blood transfusion. Cochrane Database Syst Rev 4:
CD001888

82. Waters JH, Yazer M, Chen YF, Kloke J (2012) Blood salvage and
cancer surgery: a meta-analysis of available studies. Transfusion
52(10):2167–2173

83. Lemke M, Eeson G, Lin Y, Tarshis J, Hallet J, Coburn N, Law C,
Karanicolas PJ (2016) A decision model and cost analysis of intra-
operative cell salvage during hepatic resection. HPB (Oxford)
18(5):428–435

84. Harper CM, McNicholas T, Gowrie-Mohan S (2003) Maintaining
perioperative normothermia. BMJ 326(7392):721–722

85. Mallett SV, Sugavanam A, Krzanicki DA, Patel S, Broomhead RH,
Davidson BR, Riddell A, Gatt A, Chowdary P (2016) Alterations in
coagulation following major liver resection. Anaesthesia 71(6):
657–668

86. Lee J, Kwon CH, Kim JM, Shin M, Joh JW (2012) Effect of early
enteral nutrition after hepatectomy in hepatocellular carcinoma pa-
tients. Korean J Hepatobiliary Pancreat Surg 16(4):129–133

87. Barton JS, Riha GM, Differding JA, Underwood SJ, Curren JL,
Sheppard BC, Pommier RF, Orloff SL, Schreiber MA, Billingsley
KG (2013) Coagulopathy after a liver resection: is it over diagnosed
and over treated? HPB (Oxford) 15(11):865–871

88. Holst LB, Petersen MW, Haase N, Perner A, Wetterslev J (2015)
Restrictive versus liberal transfusion strategy for red blood cell
transfusion: systematic review of randomised trials with meta-
analysis and trial sequential analysis. BMJ 350:h1354

89. Hébert PC (1998) Transfusion requirements in critical care
(TRICC): a multicentre, randomized, controlled clinical study.
Transfusion Requirements in Critical Care Investigators and the
Canadian Critical care Trials Group. Br J Anaesth 81(Suppl 1):
25–33

90. Carson JL, Guyatt G, Heddle NM, Grossman BJ, Cohn CS, Fung
MK, Gernsheimer T, Holcomb JB, Kaplan LJ, Katz LM, Peterson
N, Ramsey G, Rao SV, Roback JD, Shander A, Tobian AAR (2016)
Clinical practice guidelines from the AABB: red blood cell trans-
fusion thresholds and storage. JAMA 316(19):2025–2035

91. Kotzé A, Harris A, Baker C, Iqbal T, Lavies N, Richards T, Ryan K,
Taylor C, Thomas D (2015) British committee for standards in
haematology guidelines on the identification and management of
pre-operative anaemia. Br J Haematol 171(3):322–331

Langenbecks Arch Surg (2019) 404:1–9 9


	Red blood cell transfusion in liver resection
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Blood loss and transfusion in hepatectomy
	Frequency
	Short-term outcomes
	Oncologic outcomes
	Risk factors
	Risk calculators

	Strategies to minimize transfusions in hepatectomy
	Pre-operative strategies
	Iron
	Erythropoietin

	Intra-operative strategies
	Surgical techniques
	Non-surgical therapies

	Post-operative strategies
	Post-operative transfusions


	Conclusion
	References


