
Abstract. Colorectal cancer is one of the leading causes of
mortality in the Western world. Half of patients with colorectal
cancer will develop liver-metastatic (CLM) disease, with fewer
than 30% having surgically resectable disease at diagnosis. It
is well established in the literature that major hepatectomy
offers a high rate of R0 resection, however, with concommitant
increased rates of mortality and morbidity. Emerging
literature during the past two decades has demonstrated the
potential superiority of parenchymal-sparing hepatectomy
(PSH) in treating CLM disease in terms of oncological
outcomes, survival and re-operation in cases of recurrence
(salvageability). To date, no data regarding the evaluation of
quality of life and cost after PSH have been published. PSH
seems to be correlated with less mortality and morbidity,
which can be translated in lower re-admission rates, better
quality of life and, therefore, reduced relevant cost.
Prospective studies and clinical trials evaluating the multiple

beneficial role of a PSH surgical strategy in CLM disease are
mandatory to support or reject the emerging belief that PSH
could be the gold standard of treatment of CLM disease. 

Colorectal carcinoma (CRC) is the third most frequent
cancer in the world, with nearly 1.23 million new cases
diagnosed each year (1, 2). About half of these patients will
develop liver metastases during the course of their disease,
causing two-thirds of deaths (1). Hepatectomy is considered
the cornerstone of treatment for colorectal liver metastases
(CLM), demonstrating a relatively high 5-year survival rate
of up to 50% (2, 3). There are more than 1,000 hepatic
resections and ablations performed for CLM each year in the
United States, with an overall complication rate of 40% (4).
The extensive surgery that is often performed may be
associated with short-term suffering from the surgery and
related complications, permanent loss of function, readily
visible deformity, high economic cost and even death.
Previously, hepatectomy was only performed in selected
patients who had a small number and size of nodules.
However, advances in multidisciplinary treatment mean that
hepatectomy can be offered to patients with advanced CLM
(2, 5-7). This was the outcome of the enormous effort and
persistence of hepatobiliary surgeons, pushing the frontiers
of resectability in patients with malignant liver tumors. 

This attitude gave birth to a new paradigm or doctrine
focusing on “what remains after resection’’ rather than to
“what is resected” (8). Surgeons performing oncological
liver surgery must find the intricate balance between two
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conflicting objectives that might jeopardize each other
whenever extensive disease is present. Firstly, there is the
potential to achieve a complete tumor resection with curative
intent-negative microscopic margins (R0 resection).
Secondly, there is the potential to preserve as much liver
parenchyma as possible to avoid liver failure. The need for
preserving non-tumor parenchyma (salvageability), as well
as the progressive expansion of resectability criteria for
CLM, mainly related to the significant reduction of what was
considered a sufficient tumor margin, has led to the
development of a surgical concept known as parenchymal-
sparing hepatectomy (PSH). The aim of the present analysis
was to discuss the pros and cons of PSH in the treatment of
CLM as well as to highlight future directions in the field.

The Outcomes of PSH: Achieving More with Less 

The philosophy behind PSH includes many surgical strategies
aiming to offer minimum sufficient margins in order to
preserve as much liver parenchyma as possible. This approach
was thought to be correlated with increased rate of recurrence
due to closer margins and a greater amount of at-risk future
liver remnant in which metastases could seed. This turned out
not to be the case. Data from the present analysis reflect a
growing body of evidence that has accumulated over the past
decade which have suggested that perhaps more can be
achieved with less. For example, almost a decade ago, Pawlik
et al. demonstrated that the width of a negative surgical
margin after hepatectomy did not affect survival, recurrence
risk or site of recurrence (9). In fact, Adam et al. have
suggested that even a microscopically-positive R1 margin does
not impact overall survival (7). PSH is an optimal procedure
in this regard, offering less invasiveness with better short-term
outcomes than major hepatectomy. More specifically, a recent
study demonstrated that PSH for solitary CLM increased the
chance of salvage resection for liver recurrence without
increasing recurrence in the liver remnant (10, 11). In the same
frame, another study demonstrated the striking finding that
PSH did not negatively impact on overall, recurrence-free and
liver-only recurrence-free survival and was a beneficial factor
for candidacy for repeat hepatectomy, without increased risk
of recurrence (10). Moreover, repeat resection in patients with
recurrent disease after CLM resection has been shown to offer
the potential for long-term disease control without increasing
perioperative mortality and morbidity rates (12). In other
words, surgery for recurrent CLM is feasible, with similar
morbidity and mortality rates to those of initial or single CLM
resections (13, 14). Moreover, PSH can be a reliable choice in
the setting of bilateral CLM, with acceptable morbidity,
mortality and oncological results (15). It was also recently
shown that PSH seems to be appropriate for deep-placed CLM
(>30 mm from the liver surface) since it was performed safely
without compromising oncological radicality (16). 

PSH seems to have a role in treatment of advanced CLMs
that have a high risk of recurrence because the surgical
margins are close to the tumors and residual parenchyma has
a high risk of future liver metastases. A recent study in
patients with advanced CLM found that PSH did not increase
positive surgical margin or liver recurrence in comparison
with major hepatectomy. Thus, a parenchymal-sparing
approach offers a high rate of salvageability (11). 

PSH can increase the number of patients eligible for an
operation by halving the resection volume and by increasing
the chance of direct operative treatment in patients with ill-
located CLM (16). Moreover, with the application of
techniques that induce future liver remnant hypertrophy and
liver regeneration (17, 18), PSH might offer even superior
results in terms of residual liver function. There is a clear
trend toward PSH in hepatobiliary centers worldwide as
current evidence indicates that tumor biology is the most
important predictor of intrahepatic recurrence and survival,
rather than the extent of a negative resection margin (19).
Tumor removal avoiding the unnecessary sacrifice of
functional parenchyma has been associated with less surgical
stress, fewer postoperative complications, uncompromised
cancer-related outcomes and higher feasibility of future
resections. The increasing evidence supporting PSH has
prompted its consideration as the gold-standard surgical
approach for CLM (19) (Figure 1).

Surgery for CLM and Quality of Life

Another parameter that should also be highlighted is the
disability that the surgical treatment of CRC can cause. The
number of hepatic resections is increasing worldwide and
procedures are becoming far more complex. Moreover,
multimodality care such as chemotherapy, aggressive
surgical resections and other treatments could offer survival
benefit in patients with CLM or advanced CRC with a
concomitant price to be paid, namely the deterioration of the
quality of life and functionality (disability) (20). 

Usually after major surgery for malignancy, many patients
report a number of physical problems such as pain, physical
inactivity or sexual dysfunction, despite their relatively good,
general, subjective health and social and psychological well-
being (20). Full recovery after CRC surgery allows a return
to normal physical and psychological health and to a normal
social life. To date, recovery data have focused on time to
discharge rather than long-term functionality including return
to work (21).

In Europe, one-quarter of patients diagnosed with CRC
are under the age of 65 years, with the age for state pension
eligibility having risen to 67 years; this will significantly
increase the number of patients of working age diagnosed
with CRC (22). For patients diagnosed with CRC whilst in
employment, full recovery including return to work is vital
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in maintaining socio-economic status. A recent study
demonstrated that the total number of disability-adjusted life
years lost due to cancer in middle-aged and older adults was
382 per 1,000 individuals, with CRC being responsible for
almost one-seventh of that loss (22). In the same vein,
another study demonstrated that more than one-third of the
employed patients with CRC were unable to return to work
1 year after surgery for CRC (23). 

As for the treatment of CLM, it is also reasonable to state
that major hepatectomies, like all major operations, are
amputative procedures that can severely affect quality of life.
It was demonstrated that patients undergoing major
hepatectomy return to their baseline quality of life at 3 months
after surgery, with a progressive and sustained increase in
physical, emotional and global functionality at 6 months (24).
Despite the fact that only 6 months are enough to restore
quality of life after major hepatectomy, in the current era of a
demanding daily life, 6 months is not a short period of time.
Similarly, it was shown that patients undergoing major liver
resections for malignancy demonstrate a sufficient long-term

quality of life irrespective of their clinical prognosis (20).
Moreover, overall quality of life in the first 3 years seems to
be correlated with the initial successful surgical intervention
and the potential for cure (25).

There is currently no clear evidence in the literature about
the time required for returning to work after major or minor
hepatectomy. Moreover, no study as far as we are aware has
evaluated the effect of PSH in terms of quality of life and
postoperative functionality. We suspect that PSH might cause
less disability due to the reduced severity of the approach.
We await for the prospective studies or trials evaluating
disability rates after major hepatectomies or even PSH to be
published.

The Financial Burden of PSH

Global financial instability and recession seem to severely
affect national healthcare systems. Moreover, current
healthcare reforms aim at controlling the escalating costs and
improving the quality and delivery of health care (26). The
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Figure 1. Images illustrating different types of liver resection for liver metastases from colorectal cancer. A: Anatomical right hepatectomy: B: Liver
parenchyma resected after anatomical resection. C: Non-anatomical parenchymal-sparing hepatectomy. D: Liver parenchyma resected after non-
anatomical resection. E: Wedge parenchymal-sparing hepatectomy. F: Liver parenchyma resected after wedge parenchymal-sparing hepatectomy. 



relative impact of the recent global financial crisis on
administrative, social and health structures is expected to
vary greatly according to the individual economic capacity
of each country and the availability of relevant resources.
Countries of middle to low total income are at particular risk
of undergoing a prolonged period of recession that will
undoubtedly affect several aspects of public services (27-29).

Especially in the case of surgical care, the situation is
more intense since it represents the most costly encounter
within the healthcare system, with over $400 billion spent
annually on the care of surgical patients in the US (30). In
terms of cost, the cost of minor hepatectomies has reached
$46,600/patient whereas major hepatectomy such as
lobectomy or extended lobectomy is significantly more
expensive ($54,100 and $60,100, respectively) (31). Of
interest, minor hepatectomy has been reported to be more
expensive than major hepatectomy within 30 days of surgery
due to early (30-day) re-admission. In contrast, the cost of
late (90-day) re-admission after minor hepatectomy was less
expensive than that after major hepatectomy cases (31).
Moreover, major hepatectomies are correlated with increased
risk of perioperative complications and consequent re-
admissions (32-34), which add significantly to the total cost
of each operation and to the financial burden that social
security services should cover. More specifically, substantial
costs are incurred beyond the index surgical admission, with
re-admissions representing a major source of potentially
preventable healthcare spending (31). In light of these data,
it is difficult to predict the ability of society to afford the
burden of expenses associated with the increasing number of
hepatectomies for CLM disease that will be performed in the
years ahead. 

Despite efforts at cost containment and healthcare reforms
over the past several decades, the cost of surgical care in
particular continues to rise (35). Important risk factors such
as postoperative complications and re-admissions are
modifiable costs that put a considerable burden on society
and healthcare systems. As such, policymakers and
healthcare professionals need to focus on identifying robust
quality improvement initiatives that will result in cost
reduction. Specifically, for complex procedures such as
hepatectomy, proposals to reduce postoperative
complications including referral to high-volume centers,
implementation of Enhanced Recovery After Surgery
(ERAS) pathways, and adoption of bundle payment plans are
particularly relevant. For example, the per-patient cost of a
hepatic resection at low-volume centers was recently
reported to be 21.9% higher than at high-volume centers
(35). Even at high-volume centers, ERAS strategies can
drive down costs even further among patients undergoing
hepatic resection(36). Future payment models are likely
increasingly to be adopted that will bundle or cap
reimbursement, limiting hospital payment, especially in the

setting of a complicated postoperative course (37). The
increased projected operative case numbers for CLM
combined with ongoing soaring healthcare costs demands
that surgeons and healthcare providers focus on improving
quality, as well as managing expenses when treating patients
with complex surgical diseases. 

In this frame, it is highly difficult to predict the
redundancy of the social security system in affording the
burden of the expenses of the increasing number of
hepatectomies that will be needed for the years to come for
CLM disease(38, 39). Thus, we believe that PSH could offer
a cost-effective therapeutic solution since it seems to be
correlated with fewer postoperative complications compared
with major liver resections.

Conclusion 

There are emerging data supporting the potential superiority
of PSH in treating CLM disease. PSH seems to be non-
inferior to the current standard-of-care of CLM in terms of
oncological outcomes and survival. In the same frame, it
offers ‘friendlier’ surgical conditions for re-operation in
cases of recurrence (salvageability). The potential for re-
operation could make CLM disease a chronic disease that is
different from the current belief that CLM is an end-stage
disease.

Moreover, PSH seems to be correlated with less mortality
and morbidity rates that can be translated in lower re-
admission rates, better quality of life and reduced relevant
cost. Thus, prospective studies and clinical trials on
evaluating the multiple beneficial role of PSH surgical
strategy in CLM disease are mandatory in order to support
or reject the emerging belief that PSH could be the gold
standard of treatment of CLM disease. 
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