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First described as a model for perioperative care in the early 
1990’s, the success of the enhanced recovery after surgery 
(ERAS) approach in colorectal surgery has given rise to 
pathways being developed for an ever-increasing range of 
surgical specialities/procedures. The fundamental principles 
of comprehensive patient optimisation combined with 
minimising the surgical stress response remain at the heart 
of ERAS and, as evidence for the benefit of this approach 
continues to emerge, the drive to conduct further research 
in this area and continue the development of new guidelines 
grows. Despite this, challenges to achieving a wide-spread 
uptake of ERAS remain, prominent amongst these being 
the currently low grade of evidence available for some 
individual ERAS elements e.g., the use of oral nutritional 
supplements and early post-operative mobilisation (1). 
However, the volume and quality of evidence continues to 
grow with a number of randomised controlled trials (RCTs) 
and meta-analyses showing favourable results for the use 
of ERAS programmes in a wide variety of settings. Fewer 
postoperative complications, reduced hospital length of 
stay (LoS) and costs, lower readmission rates and improved 
short and longer-term mortality have all been reported. 

In recent years, ERAS programmes have been developed 
for use in both open and minimally invasive liver resection 
surgery with several RCTs demonstrating significantly 
improved outcomes including reduced hospital LoS, fewer 
complications and increased patient quality of life (QoL) (2-9).  

Previous systematic reviews, including one meta-analysis, 
have also concluded that ERAS programmes conferred 
improved mortality alongside a reduction in hospital LoS 
and postoperative complication rates (10) [which in turn 
are an independent determinant of long term survival (11)].  
Longer-term benefits for patients and the health economic 
advantages of ERAS are also beginning to emerge as 
established ERAS programmes begin to produce 5- 
and 10-year follow-up data (7,12). In cancer surgery, by 
facilitating a more rapid recovery and return to baseline 
function, ERAS programmes may permit earlier treatment 
with adjuvant cancer therapies—potentially conferring an 
improvement in oncological outcomes and survival (13).

The historically high rate of post-operative morbidity 
and mortality makes liver resection surgery an important 
area of research (14,15). In their article Warner et al. (16) 
have reviewed the evidence behind the components of 
existing ERAS programmes for liver surgery and then 
used this information to develop their own comprehensive 
programme.  They  conclude  by  publ i sh ing  the ir 
recommended ERAS pathways for use in major open, 
minor open and minimally invasive/robotic liver resection 
surgery. The original article was accepted for publication 
shortly before the ERAS Society published their own 
consensus guidelines for perioperative care in liver 
surgery (17). Whilst there is much concurrence between 
the recommendations of Warner et al. and those of the 
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ERAS group, there are some notable exceptions. One 
such is the issue of perioperative steroid administration, 
recommended by ERAS (albeit weakly) but not addressed in 
the Warner publication. As detailed in the ERAS guidelines, 
the evidence-base for this is weak but has since been 
strengthened by a study of fast-track perioperative care in 
121 hepatectomy patients which included the use of high-
dose steroid administration pre-operatively. It demonstrated 
a reduction in hospital LoS without detriment to morbidity, 
mortality or readmission rates. Although this could not be 
directly attributed to the introduction of high-dose steroid 
supplementation the authors postulate that steroid therapy 
may have positive pathophysiological effects, particularly 
with regard to liver resection surgery, and reinforce the 
importance of further research in this area (18).

Warner et al.’s review includes details of their own 
research into the use of perioperative blood phosphate 
concentrations as a marker of clinical recovery following 
hepatectomy. As such the authors have taken the 
opportunity to promote phosphate supplementation as part 
of an ERAS programme for liver resection surgery. They 
cite several studies linking postoperative complications to 
hypophosphataemia, specifically in relation to liver resection 
surgery, one of which suggested phosphate supplementation 
could actually reduce postoperative complications (19). This 
review includes the author’s own retrospective analysis of 
125 patients undergoing liver resection surgery looking into 
perioperative phosphate levels and supplementation. They 
identified two nadir points at 2 and 44 hours postoperatively 
and a period between postoperative days 1.5 to 3 during 
which patients were most likely to be hypophosphatemic 
regardless of the extent of surgery. With supplementation 
patients largely avoided severe hypophosphataemia 
(defined as <1.0 mg/dL). Their study findings correlated 
with previous work in demonstrating an increased risk of 
complications for patients with hypophosphataemia with a 
further increase in risk if the hypophosphataemia persisted 
beyond 2 days. Conversely, they also demonstrated that 
over-supplementation and subsequent hyperphosphataemia 
was a risk factor for postoperative complications. They 
conclude by recommending phosphate supplementation 
as part of an ERAS programme for liver resection surgery 
with the proviso that phosphate levels are closely monitored 
to avoid hyperphosphataemia. This marks a major disparity 
between the work of Warner et al. and ERAS society, 
who no mention of phosphate supplementation in their 
guidelines.

An area addressed by Warner et al.’s analysis but not 

highlighted in the ERAS society paper is that of liver 
surgery technique—i.e., the use of specific surgical 
techniques/equipment, the duration of surgery and 
blood loss/transfusion requirements. Surgical technique/
equipment may be particularly pertinent to liver resection 
surgery where copious blood loss and the requirement for 
blood transfusion is historically prevalent, unless obviated by 
measures which threaten the integrity of the remaining liver 
segments post-operatively, such as the “Pringle” manoeuvre. 
The authors of this article make particular reference to 
low central venous pressure (CVP) anaesthetic techniques 
facilitating reduced blood loss but acknowledge that such 
techniques can have consequences on optimal physiology 
for the rest of the body. They explain that shorter operating 
times allow earlier fluid resuscitation to improve organ 
perfusion and thus reducing the risk of, amongst others, 
renal dysfunction, hypothermia and bacterial translocation. 
The ERAS Society guideline also explores, and indeed 
advocates, the use of a low CVP technique as a means of 
reducing intraoperative blood loss. They go on to mention 
a recent Cochrane review which showed reduced blood 
loss with low CVP techniques but no difference in red cell 
transfusion requirements, intraoperative morbidity or long-
term survival benefits (20).

With regard to outcome measures the authors quite 
rightly state that much emphasis is put upon hospital LoS 
as being a marker of the success of an ERAS programme. 
Some studies point out the difference between readiness 
for discharge and actual LoS and the same factors which 
keep patients in hospital beyond the predefined point of 
readiness would be shared between ERAS and control 
groups. These factors, such as social infrastructure or 
low patient confidence, in themselves may be elements 
which could be addressed in future ERAS programmes as 
they appear readily identifiable. Other outcome measures 
include in-hospital/30-day mortality but as more time 
passes from when the original trials in ERAS commenced 
a clearer understanding of the impact upon longer-term 
mortality will begin to emerge. Follow-up data from one 
study in this setting, which showed significantly reduced 
complications and LoS with ERAS in its initial results, 
has demonstrated reduced mortality with ERAS at 2 years 
postoperatively. Interestingly this reduction is not present 
at 5 years (12). This disagrees with previous work showing 
a negative correlation between postoperative complications 
and long-term survival which suggests this effect should be  
sustained (11). This disparity may be a simple reflection 
of the underlying natural history of the disease which 



HepatoBiliary Surgery and Nutrition, Vol 7, No 3 June 2018 219

© HepatoBiliary Surgery and Nutrition. All rights reserved.   HepatoBiliary Surg Nutr 2018;7(3):217-220hbsn.amegroups.com

necessitated surgery in the first place. Certainly, with a 
long enough time frame, all survival curves converge. 
Nevertheless, this is an encouraging signal.

Finally, the authors discuss future areas of research 
and discussion. One suggestion made is to study more 
closely the of ERAS effect upon patients’ QoL. This is 
not an unexplored area of research with at least one RCT 
showing higher QoL scores in patients following an ERAS 
programme (2). The data in this trial is limited to the first 
30 days post-op and as longer-term mortality data emerges 
the psychological and socio-economic effects should be 
looked into in greater depth with new trials. With health 
economics a key driver for change and the development of 
new treatment pathways, robust evidence demonstrating 
the economic benefit of ERAS would be welcome. A trial 
from Alberta, Canada showed significant economic benefit 
with ERAS—illustrated by a return of $3.8 for every $1 
invested with the authors concluding that protocolization of 
liver resection surgery across all centres should be a future  
aim (7). Whilst in reality further research and stronger 
evidence will be required before wide-scale adoption of 
ERAS is feasible, the case for developing and using ERAS 
protocols across specialties—from a clinical, economic and 
patient experience standpoint—is gaining momentum all the 
time and excitingly we are beginning to see the principles 
and approach being applied to areas beyond elective surgery 
such as emergency surgery, obstetrics and even medical 
specialties. Will the benefits be replicated? Time will tell.
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