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Minimally Invasive Liver Surgery: Has it Achieved the Standard
of Care?
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Minimally invasive surgery (MIS) has revolutionized

many procedures over the past three decades. The rapid

adoption of laparoscopic cholecystectomy in the 1980s

altered our approach to gallbladder surgery over a very

short period of time. This experience has led us to learn

from the tremendous advantages for patients from a MIS

approach in terms of reduced pain and enhanced recovery,

but also the potential hazards resulting from rapid shifts in

surgical practice with regards to training and safety. Since

then, the adoption of MIS approaches to a variety of

indications has required stepwise demonstration of at least

equivalence in feasibility, safety, and cost, as well as short-

and long-term patient outcomes of MIS compared with

open surgery.

Since the first publications, the adoption of minimally

invasive liver resection (MILR) has been slow compared

with the rate at which MIS approaches have been incor-

porated into luminal (gastric, colon, bariatric) and other

solid organ procedures (prostate, adrenal).1,2 This slow

adoption has persisted despite expanding indications and

increasing literature in the field.3,4 Consensus conferences

in 2008, 2014, and 2017 established important principles in

the field, including the suggestion of dual training in

advanced MIS and liver surgery, documented the safety,

and short-term equivalence of MILR and suggested that

MILR should be the standard of care for minor liver

resections.5–7

Based on international data, primary liver cancer is the

most common indication for MILR, whereas metastatic

disease may predominate as an indication in North

America and Europe.8–10 The high use of MILR for pri-

mary liver malignancy may be the result of several factors,

including patient selection as surgery is generally indicated

for solitary lesions; geographic trends in both the incidence

of primary liver cancer and MIS expertise; and the benefits

of MILR in patients with chronic liver disease while being

countered by the difficulties of liver surgery in patients

with fibrosis or cirrhosis. Many publications have estab-

lished the feasibility, safety, and long-term outcomes of

MILR in primary liver cancer compared with open proce-

dures.11,12 MILR results in decreased pain, length of

hospital stay, and overall morbidity with comparable rates

to open procedures of curative resection, complications,

and oncologic outcomes, including disease-free and overall

survival.

While the consensus conferences and publications from

expert centres has reported the benefit of MILR, popula-

tion-based or ‘‘real-world’’ evidence of its implementation

has indicated low rates of adoption of MILR outside of

specific centres. Goutte et al. demonstrated that for left-

lateral segment resection only approximately 30% of pro-

cedures were performed laparoscopically.13 While this may

seem reasonable, it is worth noting that left-lateral resec-

tions are among the most straightforward MILR procedures

by difficulty, and these data were derived from France, a

nation that has been among the leaders in MILR.14,15 He

et al. combined data from the National Impatient Sample

(NIS) and National Surgical Quality Improvement Project

(NSQIP).9 While the data demonstrated that overall com-

plications and in-hospital mortality for MILR was the same

(NSQIP) or lower (NIS) than open surgery, MILR

accounted for only 3.5 and 4.8% of liver resections. The

median hospital volume for MILR in the NIS was 3.5 cases

per year. While there was a slight nonstatistically signifi-

cant increase in MILR over time, these data indicated that

in centres participating in NIS/NSQIP, MILR is rarely
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applied to any great extent on a wider scale outside specific

centres of excellence.

Varley et al. have provided more in-depth assessment by

focusing on patient undergoing resection for primary liver

cancer in the National Cancer Data Base (NCDB).16 While

the proportion of liver resections done via a MIS approach

was encouraging (20%), the decision for an open versus

MIS approach appeared to depend significantly on where

the patient was seen, indicating that surgeons’ comfort and

familiarity with MILR had a significant impact on the

approach taken in addition to patient or tumour factors.

This is significant, because less than half of the con-

tributing centres performed any MILR cases. Interestingly,

older patient age and higher comorbidity was associated

with MILR. While there may be many interpretations of

these results, higher risk patients may be preferentially

offered MILR due to a bias among surgeons that MILR is

associated with lower risk and less morbidity than the

comparable open operation.

Among the 48% of centres that did perform MILR, they

were equally prevalent among academic and comprehen-

sive community cancer programs. The individual centre

volume for MILR was low, with a median of two cases per

year; only 5% of centres performed more than ten cases per

year. Perhaps the most interesting finding is that the pro-

portion of cases done via the MIS approach did not differ

between low-, medium-, and high-volume liver resection

programs. Varley et al. explored the well-established vol-

ume-outcome relationship in liver surgery as it pertains to

MILR.16 Patient factors and hospital volume were all

associated with 90-day mortality, whereas there was no

difference between MIS and open liver resection in mor-

tality, complications, or oncologic outcomes. It is

noteworthy that use of MILR at low-volume centres did not

alter the volume-outcome relationship further reinforcing

that systems factors are more likely to play a role than

surgeon-specific or technical factors in determining short-

term outcomes.

The recent Iwate consensus conference and Varley et al.

both stated that MILR is the standard of care for minor

liver resection.6,16 However, the population-based data

indicate that MILR has not gained widespread acceptance

and its adoption lags significantly behind MIS in other

domains. It is unclear why this evolution is harder in liver

surgery than other procedures. The two largest barriers are

likely training and clinical volume in liver surgery. There is

widespread consensus that MILR requires advanced

laparoscopic skills as well as significant experience in

hepatic anatomy and resection. Because the proportion of

appropriate cases for MILR may be 25–50%, even in

experienced hands a reasonable volume of liver surgery is

required to generate enough suitable cases to develop a

significant MILR experience and progress along a very

difficult learning curve.17 The declining use of major

hepatectomy in favour of parenchymal-preserving proce-

dures will certainly limit the progress of MIS hepatic

lobectomy even in large-volume centres. The data pre-

sented by Varley and others show that even among high-

volume liver programs there is a great deal of skepticism of

MILR and a low number of procedures performed at these

centres.16 This undoubtedly affects the MILR experience in

fellowship training, which will further perpetuate the slow

progress in this field.

The reasons for this scepticism are unclear, whether it is

inertia among surgeons to changes in practices or a per-

ceive lack of benefit to MILR. While the existing data on

the benefits of MILR are significant and the data are con-

sistent and compelling, it is predominantly derived from

retrospective series from isolated centres. The improved

outcomes in terms of morbidity, complications, hospital

stay, and enhanced recovery with no compromise in

oncologic outcomes are important and relevant factors to

patients. While prospective, randomized data have not been

required to promote MIS surgery in other domains, the

recent Oslo CoMET study may help to promote MILR in

this regard.18 Regrettably, proper randomized prospective

trials are costly and logistically prohibitive; therefore, we

need to find other ways to address this shortfall to convince

surgeons of the benefit MILR. There is a strong commit-

ment from the MILR community to improve the quality of

evidence and, combined with enhanced training and

improvements in technology, to facilitate adoption. The

hope is that MILR will be available to more patients in the

coming years.
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