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level of evidence is still low. The implementation of ERAS into 
clinical practice is furthermore hampered by the poor com-
pliance with ERAS protocols and remains a challenge for the 
future. Moreover, recent trials challenge the role of some 
ERAS items, e.g. epi dural anesthesia. Translational research 
trials investigating stress, immune and inflammatory re-
sponse after surgery, new analgesic concepts, goal-directed 
fluid therapy and new drugs and substances to improve the 
outcome of ERAS provide first promising data but still need 
to be integrated in the ERAS concept.  Conclusion:  The Con-
sensus Guidelines for ERAS are subject to the constant evolu-
tion of treatment strategies and implementation of transla-
tional research findings. Improvement of the compliance 
with ERAS protocols in surgical clinics and updating of ERAS 
items taking into account recent findings in translational re-
search may improve the outcomes of ERAS but remain a 
long-term challenge in surgery for the next years. 

 Copyright © 2012 S. Karger AG, Basel 

 Background 

 The concept of ‘fast-track surgery’ or ‘enhanced recov-
ery after surgery’ (ERAS) initiated by Kehlet  [1]  in the 
1990s has been described in numerous studies in the last 
decade. The main goal of this concept is a reduction in 
the postoperative length of hospital stay (LOS). This is 
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 Abstract 

  Background:  Enhanced recovery after surgery (ERAS) or 
fast-track surgery is a perioperative and postoperative care 
concept initiated in the early 1990s aiming to reduce the 
length of hospital stays following elective abdominal sur-
gery. Twenty treatment items defined in the Consensus 
Guidelines established in 2009 were included in this con-
cept. The success of ERAS depends highly on multidisci-
plinary teamwork and patient compliance. Several ERAS 
items and their impact on perioperative and postoperative 
care have recently been discussed. In this connection, trans-
lational research topics triggered increasing interest in ERAS 
and new impulses aimed at improving the ERAS concept. We 
thus reviewed the surgical literature to highlight the role of 
translational research items in ERAS.  Methods:  A literature 
search of Medline � , PubMed �  and the Cochrane Database 
was performed. Two investigators independently reviewed 
the abstracts and appropriate articles were included in this 
review.  Results:  Articles have been selected. The advantages 
of the ERAS concept over conventional postoperative care 
were established by four meta-analyses and several reviews. 
But, due to the lack of standardization of the protocols, the 
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achieved by improved postoperative recovery using a 
multidisciplinary team approach maintaining cardiovas-
cular, pulmonary, gastrointestinal, neurological and hu-
moral functions. Following the first publications report-
ing a reduction in LOS to 2–3 days  [2]  and the implemen-
tation of Consensus Guidelines for ERAS  [3] , randomized 
studies revealed promising results favoring ERAS over 
conventional postoperative care  [4] . The superiority of 
the ERAS concept has been further underlined by meta-
analyses  [5, 6] . Lately, investigators increasingly aimed to 
study the impact of individual ERAS items ( table 1 ) on the 
overall postsurgical outcome. These items have been in-
vestigated and discussed and led to a continuous evolu-
tion and variation of the original ERAS concept. Further-
more, improvement of the collaboration among involved 
treatment groups (e.g. general practitioners, nurses, anes-
thetists, pain teams, social care workers, outpatient de-
partments and rehabilitation institutions) is one of the 
major challenges in ERAS.

  After studying the impact of individual items on the 
overall outcome of the ERAS concept and their transla-
tion into clinical practice, new items and inputs from 
translational research drew the attention of scientists. 
Among these, humoral, metabolic, inflammatory and 
immune response after surgery, change in analgesic mo-
dalities and medical treatments, the role of tissue oxygen-
ation and microcirculation, and goal-directed fluid ther-
apy (GDT) were the main topics in translational research.

  We reviewed the surgical literature on the ERAS items 
with a particular focus on translational research, regard-
ing their impact and possible implementation into the 
ERAS concept.

  Methods 

 Search Criteria and Data Extraction 
 We performed a review of the literature on ERAS, fast-track 

surgery and translational research identified by using Medline �  
and PubMed �  and the Cochrane databases to give an overview 
regarding clinical studies, basic research findings and future 
challenges. The following key words were: ‘enhanced recovery af-
ter surgery’, ‘ERAS’, ‘fast track surgery’, ‘postoperative ileus’, 
‘length of hospital stay’, ‘laparoscopy’, ‘mast cells’, ‘gastrointesti-
nal motility’, ‘immune response in surgery’, ‘inflammation re-
sponse in surgery’, ‘tissue oxygenation’, ‘analgesic concept’ and 
‘goal directed fluid management’.

  With respect to the low evidence level in several translational 
research topics, original articles, clinical trials (phases I–III), 
comparative studies, results of consensus conferences, controlled 
clinical trials, in vitro studies, clinical studies, scientific reviews, 
meta-analyses and randomized controlled trials were eligible for 
this study. Regarding ERAS, only higher-evidence publications, 

e.g. meta-analyses, randomized controlled trials (RCTs) and re-
views have been included in this study. The authors preliminarily 
reviewed abstracts, and studies not meeting the inclusion criteria 
were excluded.

  Results 

 The ERAS Concept  
 Although recent meta-analyses  [5, 6]  proved that 

ERAS has a better outcome compared with conventional 
postoperative care, there is still a lack of standardization 
in these studies  [7] , which hinders achievement of higher 
levels of evidence. Routine use of ERAS protocol is safe 
 [8] , but compliance with ERAS protocols is only slowly 
improving in surgical clinics  [9] . The main problem is the 
multidisciplinary integration of ERAS into routine clini-
cal care, challenging surgeons, anesthetists, nurses, gen-
eral practitioners and other involved health care profes-
sionals  [10, 11] .

  Following numerous clinical studies, Lassen et al.  [3]  
summarized 20 treatment items as Consensus Guide-
lines, which need to be considered when ERAS is used in 
clinical practice. Fifteen out of 20 items reached evidence 
grade A in ERAS ( table 1 ).

  Implementation of ERAS into Clinical Practice 
 Although compliance with ERAS protocol is increas-

ing there is still a lack of standardization of using ERAS 
modalities  [6, 12] . Several publications mention different 
ERAS items that have been included into their protocols, 
highlighting the ongoing evolution of ERAS protocols.

  Ahmed et al.  [7]  have performed an interesting sys-
tematic review of the compliance with ERAS items. They 
identified 19 ERAS modalities ( table 2 ) partially differing 
from the Consensus Guidelines (20 items) and included 
11 clinical trials. They showed that none of the trials in-
cluded all 19 ERAS items in their protocols. In fact, they 
identified a maximum of 14 items included by Ramirez et 
al.  [8] , 13 modalities included by Nygren et al.  [13]  where-
as Schwenk et al.  [14]  and Kahokehr et al.  [15]  considered 
only 4 items. Ahmed et al.  [7]  reported that both clinical 
implementation (items not reported or included in the 
ERAS protocol) and compliance (in percent) showed 
widespread variation among the clinics ( table 2 ), high-
lighting the necessity of further standardization. This 
improved the evidence in ERAS protocols, as shown in a 
recent Cochrane meta-analysis including only 4 RCTs  [6] . 
Although a high compliance with the ERAS protocol is 
clearly correlated with improved outcome after surgery 
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Item Content Responsible
team member

Grade of 
evidence

1 Preadmission
information and
counseling

Patients should receive oral and written preadmission information
describing what will happen during hospitalization, what they should 
expect, and what their role is in the recovery process

Surgeon –

2 Preoperative bowel
preparation

Patients undergoing elective colonic resection above the peritoneal 
reflection should not receive routine oral bowel preparation (grade A). 
Bowel preparation may be considered in patients scheduled for low rectal 
resection where a diverting stoma is planned

Nurses A

3 Preoperative fasting
and preoperative
carbohydrate loading

The duration of preoperative fasting should be 2 h for liquids and 6 h for 
solids (grade A). Patients should receive carbohydrate loading 
preoperatively (grade A)

Nurses A

4 Preanesthetic
medication

Patients should not receive medications known to cause long-term sedation, 
from midnight prior to surgery. Short-acting medications given to facilitate 
insertion of epidural catheters are acceptable (grade A)

Anesthetist A

5 Prophylaxis against
thromboembolism

The preferred methods for prophylaxis in patients undergoing elective 
colorectal surgery are subcutaneous low-dose unfractionated heparin or 
subcutaneous low molecular-weight heparin (grade A)

Nurses A

6 Antimicrobial
prophylaxis

Patients undergoing colorectal resection should receive single-dose
antibiotic prophylaxis against both anaerobes and aerobes about 1 h before 
surgery (grade A)

Anesthetist A

7 Standard anesthetic
protocol

Long-acting opioids should be avoided in patients undergoing anesthesia. 
Patients should receive a midthoracic epidural analgesia commenced 
preoperatively and containing local anesthetic in combination with a
low-dose opioid (grade A)

Anesthetist A

8 Preventing and
treating postoperative
nausea and vomiting

Prevention of postoperative nausea and vomiting should be induced if 2 
risk factors are present. Treatment should be immediate, with combinations 
of the drugs discussed

Anesthetist –

9 Laparoscopy-assisted
surgery

Laparoscopic colonic resection is recommended if the surgeon or 
department is proficient with the technique and prospectively validated 
outcomes show at least equivalence to open surgery (grade A)

Surgeon A

10 Surgical incisions A midline or transverse laparotomy incision of minimal length should be 
used for patients undergoing elective colorectal resection

Surgeon –

11 Nasogastric
intubation

Nasogastric tubes should not be used routinely in the postoperative period 
(grade A). They should be inserted if ileus develops

Surgeon A

12 Preventing intraopera-
tive hypothermia

Intraoperative maintenance of normothermia with an upper-body
forced-air heating cover should be used routinely (grade A)

Anesthetist A

13 Perioperative
fluid management

Intraoperative and postoperative fluid restriction in major colonic surgery 
with avoidance of hypovolemia is safe (grade A). When compared with 
excessive fluid regimens, normovolemic regimens in major colonic surgery 
lead to better outcomes (grade A). Intraoperative goal-directed therapy
(e.g. with transoesophageal Doppler monitoring) is superior to a
non-protocol-based standard with respect to outcome (grade A) and should 
be considered on an individual basis

Anesthetist A

14 Drainage of peritoneal
cavity following
colonic anastomosis

Drains are not indicated following routine colonic resection above the 
peritoneal reflection (grade A). Short-term (24-hour) use of drains after low 
anterior resections may be advisable

Surgeon A

15 Urinary drainage Suprapubic urinary drainage for pelvic surgery is recommended (grade A). 
For colonic surgery, both suprapubic and urethral techniques are 
appropriate

Surgeon A

Table 1. E RAS items according to the Consensus Guidelines and health professional responsibility (adapted from Lassen et al. [3])
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 [7] , pure facts do not seem to be convincing. A recent 
opinion survey of 1,390 surgeons in Germany and Aus-
tria revealed that implementation in routine surgical 
practice is not widely practiced  [9] . Therefore, the chal-
lenge consists in a modification of traditional treatment 
strategies, overcoming interdisciplinary borders, accept-
ing new ideas and coordination of the ERAS modalities 
in a prescheduled work flow by the responsible health 
professional ( table 1 ).

  Impact of the ERAS Protocol on Surgical Outcome 
Parameters 
 Postoperative Ileus in ERAS 
 The development of postoperative ileus (POI) as one 

of the major adverse events following abdominal surgery 
is based on the disturbance of the ‘migration motor com-
plex’  [16] . POI has been characterized as an independent 
predicting factor for a prolonged LOS  [17]  and as the ma-
jor factor accounting for in hospital morbidity regardless 
the type of operation  [18] . Laparoscopy as part of the 
ERAS concept with limited surgical trauma has been 

shown to reduce POI significantly  [19] . As shown in 
RCTs, routine bowel preparation for abdominal surgery 
had no effect on POI  [20] . Several inter- and intracellular 
mechanisms and their role in POI are the focus of trans-
lational research (see below).

  LOS in ERAS 
 Several studies reported a significant reduction in LOS 

when ERAS was compared with conventional postopera-
tive care  [21, 22]  without increased readmission rates  [21, 
23] . A direct relationship between compliance with the 
ERAS protocol and a reduction in LOS was shown in fur-
ther studies  [7] . Vlug et al.  [24]  identified predictors for 
reduced LOS in ERAS, such as early, enforced mobiliza-
tion, female gender, laparoscopic surgery and normal oral 
diet. Complications like POI  [17]  and increased postop-
erative pain  [25]  are predictors for extended LOS. Fur-
thermore, nonmedical reasons like outpatient resources 
or limited social care facilities challenge LOS  [10] . The 
use of laparoscopy significantly reduced LOS  [18]  and is 
therefore an implemented part of ERAS. In contrast, the 

Table 1 (continued)

Item Content Responsible
team member

Grade of 
evidence

16 Prevention of
postoperative ileus

Midthoracic epidural analgesia and avoidance of fluid overload are 
recommended to prevent postoperative ileus (grade A). A laparoscopic 
approach is recommended if locally validated (grade A). A low-dose 
postoperative laxative, such as magnesium oxide may also be considered. 

Multi-
disciplinary

A

17 Postoperative
analgesia

Patients should receive continuous epidural midthoracic low-dose local 
anesthetic and opioid combinations (grade A) for approximately 48 h 
following elective colonic surgery and approximately 96 h following pelvic 
surgery. Acetaminophen (paracetamol) should be used as a baseline 
analgesic (4 g/day) throughout the postoperative course. For breakthrough 
pain, epidural boluses should be given while the epidural is running. 
Nonsteroidal anti-inflammatory drugs should be started at removal of the 
epidural

Multi-
disciplinary

A

18 Postoperative
nutritional care

Patients should be encouraged to commence an oral diet at will after 
surgery (grade A). Oral nutritional supplements should be prescribed 
(approximately 200 ml, energy dense, 2 or 3 times daily) from the day of 
surgery until normal food intake is achieved. Continuation of oral 
nutritional supplements at home for several weeks is recommended for 
nutritionally depleted patients (grade A)

Nurses A

19 Early mobilization Patients should be nursed in an environment that encourages independence 
and mobilization. A care plan that facilitates patients being out of bed for
2 h on the day of surgery and 6 h thereafter is recommended

Nurses –

20 Audit A systematic audit should be performed to allow direct comparison with 
other institutions

Multi-
disciplinary

–
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use of epidural analgesia, one of the items in the Consen-
sus Guidelines  [3] , has no effect on LOS and mobilization 
 [26, 27]  and hence should be critically investigated as to 
its impact on LOS and ERAS.

  Postoperative Complications in ERAS 
 A correlation between ERAS and postoperative com-

plications has been discussed. While randomized stud-
ies found decreased postoperative complications using 
ERAS  [21, 23] , other publications showed at least compa-
rable complication rates in ERAS and conventional post-
operative care  [22] , challenging a clear advantage for 
ERAS protocols. Regarding the surgical approach, some 
authors reported reduced complications using minimally 
invasive techniques in RCTs  [28] ; another case-control 
publication failed to support this tendency  [29] . The long-
standing doctrine of routine use of nasogastric tubes and 
delayed oral feeding in major abdominal surgery in order 
to prevent complications has been disproved by a recent 
Cochrane analysis  [30] .

  Laparoscopy in ERAS 
 Although laparoscopy plays an important role in elec-

tive and emergency abdominal surgery, and is widely used 
as a standard procedure in abdominal surgery, the value 
of laparoscopy in the ERAS concept has been investigated 
in clinical studies. Whereas ERAS has been shown to be 
beneficial in open surgery  [22] , several RCTs support the 
superiority of laparoscopy in ERAS  [4, 28] . A recent 
4-arm-trial comparing laparoscopic with open surgery 
and ERAS with standard postoperative care showed that 
laparoscopy combined with fast-track care (ERAS) leads 
to faster recovery of gastrointestinal motility and im-
proves clinical recovery  [31] . Although the operation costs 
and the rate of reoperations in laparoscopy are higher 
compared with conventional open surgery in ERAS  [21] , 
laparoscopy reduces complications, POI, LOS and the rate 
of admissions to intensive care units  [19, 21, 31]  and, there-
fore, legitimately becomes a key item in ERAS.

  Analgesic Concepts in ERAS 
 The postoperative pain concept in ERAS is part of an 

ongoing debate and still needs to be defined. Increased 
implication of the anesthetist and the development of dy-
namic analgesic regimens seem to be mandatory in fur-
ther ERAS practice  [32, 33] .

  A literature review regarding the impact of epidural 
anesthesia as one of the initial analgesic items in ERAS 
 [3]  provides different results regarding its effectiveness 
and role within the ERAS concept. A Cochrane analysis 

 [34]  and a further meta-analysis  [26]  comparing intrave-
nous opioid analgesia with midthoracic epidural analge-
sia demonstrated the beneficial effect of epidural analge-
sia in preventing postoperative ileus. In contrast, its role 
in ERAS is diminished due to the fact that epidural anes-
theticsmay cause hypotension and splanchnic hypoper-
fusion with an increased risk of cardiac events and anas-
tomotic leaks  [35] . Comparing epidural anesthetics with 
spinal anesthetics and patient controlled-anesthesia with 
opioids, spinal anesthetics and patient controlled-anes-
thesia were superior to epidural anesthetics regarding 
postoperative outcome  [36] . Several studies demonstrat-
ed a positive effect of epidural anesthesia on outcome in 
open abdominal surgery  [37, 38] . But its role in laparo-
scopic surgery is diminished by the fact that it was not 
correlated  [36] . Additional studies demonstrated no re-
duction in LOS and earlier oral food intake by using epi-
dural anesthetics  [27] .

  Interestingly, there is a consensus on the fact that ex-
tensive intravenous opioid administration should be 

Table 2. I mplementation of (N/A) and adherence to ERAS items 
in clinical practice (adapted from a systematic review by Ahmed 
et al. [7] 2009) 

ERAS item N/A Adherence
to ERAS items of
reporting studies, %

Preoperatively
Counseling and education 5/11 87–100
No bowel preparation 4/11 0–100
Carbohydrate loading 4/11 61–100
No premedication 7/11 0–60
Curtailed fasting 10/11 61

Intraoperatively
Active warming 7/11 79–100
High inspired O2 (80%) 10/11 95
Epidural analgesia 0/11 8–100
Transverse incision 8/11 25–96
No use of NG tubes 5/11 0–95
Restricted i.v. fluids 8/11 46–81
No use of drains 8/11 0–47

Postoperatively
Early oral fluids 4/11 5–100
Early oral food 2/11 13–100
Early mobilization 1/11 5–100
Oral analgesia 7/11 70–100
Avoidance of opiates 9/11 67–78
Postoperative laxatives 10/11 100
Routine antiemetics 9/11 27–76
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avoided in ERAS; indeed, due to side effects and an in-
creased rate of POI and LOS they should only be given to 
selected patients  [39] . But this recommendation is chal-
lenged by the findings of Levy et al.  [36, 40],  who favor 
PCA using opioids or spinal anesthesia over epidural an-
esthesia in a systematic review and a clinical study. The 
role of COX-II inhibitors is well known: they mainly help 
reduce opioid consumption, and therefore should be part 
of multimodal pain management in ERAS  [41] .

  Those results mitigate the role of epidural anesthesia 
in a laparoscopic surgery setting in ERAS, and protocols 
need to be reviewed and modified. Furthermore, the im-
pact of PCA as a standard analgesic concept in ERAS 
needs to be reevaluated to clarify the controversial find-
ings in the literature.

  Translational Research in ERAS 
 After obtaining evidence using the ERAS concept in 

abdominal surgery  [5, 6, 42, 43]  and considering the con-
troversial results when investigating the impact of sepa-
rate ERAS items on outcome, several scientists lately con-
centrate on translational research. There are still unan-
swered questions, especially concerning the humoral, 
metabolic, inflammatory and immune response after 
surgery, the change in analgesic modalities, new pharma-
cological approaches, the role of tissue oxygenation and 
microcirculation, and the impact of GDT in periopera-
tive care.

  Inflammatory, Humoral and Immune Response after 
Surgery 
 Inflammation is the physiological reaction of vascu-

larized tissue on manipulation, irritation and infection. 
This process is almost unavoidable in abdominal surgery 
with manipulation of the gut, where only a thin epithe-
lial layer separates the microbial flora and the mucosal 
immune system.

  Considering, that POI has been identified as one of the 
major factors for prolonged LOS and increased complica-
tions, the relationship between tissue inflammation and 
POI based on the concept of the ‘motor migration com-
plex’ has recently been investigated. Neuronal innerva-
tion of the intestinal tract intensely communicates with 
the human immune system  [44] . The complex interac-
tions of mediators, e.g. interleukins (ILs) and tumor ne-
crosis factor (TNF), induce invasion and degranulation 
of mast cells in the gut and subsequently lead to POI  [45, 
46] . Therefore, mast cell inhibition as a bona fide drug 
target could be one of the future treatment concepts to 
prevent POI  [45] . In an experimental study, electric stim-

ulation of the vagus nerve and central activation of
anti-inflammatory cholinergic pathways by intravenous 
semapimod (an inhibitor of p38 mitogen-activated pro-
tein kinase) reduced tissue inflammation and the appear-
ance of POI  [47] .

  A recent RCT including 597 patients  [22]  investigated 
the impact of ERAS on surgical stress response and thus 
the degree of inflammatory activation. Measuring the 
nutrition index, the metabolism index (hemoglobin, al-
bumin, prealbumin, triglycerides, transferrin, and nitro-
gen balance) and the stress index (cortisol, TNF- � , IL-1 � , 
IL-6, and IFN- � ), the cascade of IL-1 �  inducing polymor-
phonuclear cells to migrate to the microvascular system 
and stimulate macrophages to produce IL-6 and TNF- �  
was highlighted. Authors found a significant reduction in 
cortisol levels, IFN- �  and TNF- �  levels in the ERAS 
group after surgery compared with the control group 
whereas IL-1 �  remains little changed and IL-6 levels 
where higher in both groups. This immune cascade can 
be attenuated by ERAS compared with conventional 
postoperative care  [22] .

  Considering the reduced manipulation using mini-
mally invasive surgical techniques, the surgical approach 
and its impact on immune response came increasingly 
into the focus of investigation. Postoperative leukocyte 
(LC) function is restored earlier using laparoscopic sur-
gery  [48]  and laparoscopy reduces the activation of mast 
cells and thus postsurgical inflammation and POI  [49] . A 
recent meta-analysis including 13 studies demonstrated 
that open colorectal surgery for neoplasia is associated 
with higher serum levels of IL-6 and IL-1, inducing an 
intense immune and inflammatory response compared 
with laparoscopy  [50] . In contrast, in another meta-anal-
ysis including 11 trials, sufficient evidence to support su-
perior preservation of global immune function (T-sup-
pressor lymphocytes CD8+, C-reactive protein) with lap-
aroscopy could not be reached  [51] . Therefore, the 
potential of postsurgical inflammatory reduction by lap-
aroscopy needs to be investigated in further studies.

  Anti-inflammatory effects of dexamethasone in ERAS 
have been discussed in several studies. A meta-analysis 
including 11 RCTs showed that preoperative single-dose 
glucocorticoid administration decreases the rate of post-
surgical complications and LOS, most likely as a conse-
quence of attenuating the inflammatory response after 
major abdominal surgery  [52] . Another meta-analysis 
emphasized the role of dexamethasone in the multimod-
al analgesic concept, showing that at doses of more than 
0.1 mg/kg it is an effective adjunct to reduce postopera-
tive pain and opioid consumption  [53] .
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  The approach of perioperative immune nutrition has 
been investigated in a meta-analysis including 13 RCTs. 
Immune nutrition (e.g. glutamine, arginine, omega-3 
polyunsaturated fatty acids and ribonucleic acids) had no 
significant effect on postoperative mortality, but had pos-
itive effects on postoperative infection rate, LOS and im-
proved immune function, increasing total lymphocyte 
counts, CD4 levels, IgG levels and decreasing IL-6 levels 
 [54] . The role of neuropeptides in gastrointestinal physi-
ology and immune regulation followed by surgery still 
needs to be clarified  [55] .

  Therefore, reduction in surgical stress and immune 
response with attenuated tissue inflammation by using 
minimally invasive surgery, neuropeptides, mast cell in-
hibitors, cytokine antagonists and glucocorticoids should 
be investigated in further studies.

  New Approaches to Prevent POI 
 POI is thought to be a consequence several tissue level 

pathways. Subsequently, four major pathways inducted 
complex immune cascades in the intestine leading to POI 
have been identified: the neurogenic, inflammatory, hor-
monal and pharmacological pathways  [16] . At the site of 
surgical manipulation, intestinal macrophages produce 
mediators that lead to paralysis of the mucosal myocytes. 
The mechanism of activation of macrophages in physi-
cally untouched intestinal areas remains unclear. The 
immune response following manipulation during sur-
gery involves dendrite cells, releasing a cascade of inter-
leukins (IL-12), interferon- �  (INF- � ) and T-helper type 1 
cells, which activate macrophages. Recently, Engel et al. 
 [56]  described POI as a T-helper type 1 cell-mediated dis-
ease and identified T-helper type 1 cells as potential tar-
gets for disease monitoring and therapy. Therefore, pre-
vention of T cell migration, inhibition of IL-12, TGF- �  
and INF- �  are potential treatment targets which have to 
be further investigated.

  In experimental studies, neuronal stimulation with 
prokinetic 5-hydroxytryptamine-4-receptor (5-HT4R) 
agonists and dopamine receptor antagonists have been 
found to be potential therapeutic agents for directly ame-
liorating the motility disorder associated with POI  [57] . 
Additionally, an experimental study showed that intesti-
nal ghrelin (growth hormone release inducing) receptor 
agonists (TZP-101) improve large-bowel function in rats 
with POI following surgical manipulation, which sug-
gests that it accelerates the upper gastrointestinal transit 
and shortens POI  [58] .

  Our understanding of tissue level processes in POI has 
improved based on promising results from experimental 

studies. More higher-evidence studies are necessary to 
further investigate new immune modulation drugs, their 
interaction in the complex immune cascade and their 
possible implementation in clinical practice.

  Impact of Reduced Tissue Oxygenation 
 Adequate tissue oxygenation is one of the precondi-

tions of healing and recovery although it is no original 
ERAS item. The level of tissue oxygenation is closely cor-
related with GDT using colloids. This is generally ex-
plained by the fact that colloid fluid administration ex-
pands the intravascular volume, improves microcircula-
tion and therefore improves tissue oxygenation compared 
with crystalloids  [59] . Supplemental oxygen administra-
tion in the peri- and postoperative phase leads to im-
proved outcome and decreased morbidity  [60] . A recent 
study shows a relation between tissue oxygenation and 
surgical approach. Laparoscopy was associated with 
higher levels of tissue oxygenation compared with open 
surgery although pneumoperitoneum with increased in-
tra-abdominal pressure and the commonly used Tren-
delenburg position can disturb alveolar ventilation and 
compromise oxygenation during laparoscopic surgery 
 [61] . The analgesic modality (e.g. epidural analgesia, spi-
nal analgesia, patient-controlled analgesia) has no impact 
on oxygen delivery during laparoscopic surgery  [62] . 

  Summing up, adequate tissue oxygenation can be im-
proved by adequate colloid fluid administration and lap-
aroscopic surgery, and should become a constant item in 
the ERAS concept.

  New Metabolic and Hormonal Aspects to Improve 
Postoperative Recovery 
 The surgical stress response can activate the hypothal-

amus-pituitary-adrenal axis, which leads to the release of 
glucocorticoids, causing postoperative insulin resistance 
 [22] . Although insulin resistance is decreased by ERAS, 
additional perioperative intravenous glucose administra-
tion or preoperative carbohydrate drinks may be benefi-
cial  [63] . In an experimental study, corticotropin-releas-
ing factor (CRF) was demonstrated to affect humoral 
stress response after surgery. CRF plays an important role 
in mediating the early phase of gastric ileus through ac-
tivation of CRF-1 receptors, and therefore may be a po-
tential target for medications preventing POI  [64] . 

  GDT and Colloids in ERAS 
 Perioperative fluid management has received in-

creased interest in translational research. Only a few ex-
perimental studies provided first data that improved our 
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understanding the cellular processes in fluid administra-
tion. The advantages of fluid restriction with avoidance 
of hypovolemia as outlined in the Consensus Guidelines 
 [3]  were challenged in an experimental pig model study 
 [64]  comparing restricted crystalloids versus GDT with 
crystalloids versus GDT with colloids, which found lower 
tissue oxygenation and decreased microcirculation using 
fluid restriction. While colloid fluid administration with 
GDT improved the microcirculation also in unaffected 
and perianastomotic colonic tissue, interestingly the type 
of fluid administration (crystalloid, colloid, restricted) 
had no effect on the hemodynamic parameters.

  As already mentioned in the Consensus Guidelines, 
GDT (e.g. with transesophageal ultrasound monitoring 
or a central venous catheter) is superior to a non-proto-
col-based standard with respect to outcome (grade A) 
and should be considered on an individual basis  [3] . This 
individual approach includes optimization of flow-relat-
ed parameters within the limits of the individual cardiac 
capacity. Several RCTs provided evidence that GDT also 
improves the outcome regarding nausea, vomiting, post-
operative ileus and LOS  [65] . But GDT alone does not 
improve the microcirculation and tissue oxygenation. It 
must be combined with colloid fluid administration to 
provide its positive effect on anastomotic healing  [62] . 
Noblett et al.  [66]  highlighted the effect of GDT on the 
postoperative immune response, showing lower IL-6 lev-
els in GDT and thus attenuation of stress-induced organ 
dysfunction.

  In summary, colloids for GDT were used in several 
clinical and experimental studies, supporting the trend 
of better outcomes compared with crystalloids and pro-
viding longer intravascular microcirculation and tissue 
oxygenation.

  New Pharmacological Aspects to Improve 
Postoperative Recovery (ERAS) 
 Several trials failed to establish a significant reduction 

in POI and LOS using well-known prokinetic medica-
tions (e.g. metoclopramid, cisapride, erythromycine or 
prostigmine)  [67] . Therefore, a critical review of conven-
tional medical approaches, the alternative use of local an-
esthetics and implementation of new medications (alvi-
mopan, capsaicin and mosapride citrate) became the ob-
jective of translational research in ERAS.

  Local anesthetics (e.g. lidocain) are well known in sur-
gery and widely used to prevent postoperative pain. Me-
ta-analyses favored intraperitoneal administration of lo-
cal anesthetics  [68]  and intravenous lidocain administra-
tion, with clear advantages in patients undergoing major 

abdominal surgery with faster return of bowel function 
and decreased LOS  [69] .

  Capsaicin is a new substance, known to cause en-
hanced sensitivity to noxious stimuli, followed by a pe-
riod with reduced sensitivity and persistent desensitiza-
tion after repeated local applications. A meta-analysis 
based on the Cochrane database and including 6 RCTs 
showed that repeated application of a low-dose capsaicin 
cream (0.075%) or a single application of a high-dose (8%) 
patch may provide a degree of pain relief to some patients 
with painful neuropathic conditions  [70] . Thus, its role in 
the multimodal pain concept improving ERAS needs to 
be further investigated.

  Alvimopan, a selective intestinal  � -receptor opioid 
antagonist, has been the subject of several meta-analyses 
to investigate its impact on postoperative recovery, at-
tenuation of negative effects of opioids and reduction in 
the occurrence of POI. The United States Federal Drug 
Administration (US FDA) approved alvimopan (En-
tereg � ) in 2008 for oral intake before and after large and 
small bowel resection to prevent POI  [71] . Although al-
vimopan has been shown to save overall hospital costs 
 [72]  and accelerate gastrointestinal recovery following 
major abdominal surgery  [73] , collection of further data 
appears to be important to reach higher levels of evi-
dence and implementation in routine ERAS practice. 
This is all the more important, considering that recent 
data challenge its impact in laparoscopy  [74]  and its in-
corporation into ERAS practice is less than expected by 
the data  [75] .

  New prokinetic medications are part of the ongoing 
discussion. Laxatives, e.g. magnesium oxide, did not 
show any beneficial effects in ERAS in a recent random-
ized study  [76] . Mosapride citrate, a 5-HT4R, reduced the 
occurrence of POI in a clinical study  [77] .

  Conclusion 

 ERAS and its items have been the subject of several 
clinical trials that obtained significant evidence for im-
proved postoperative outcome compared with conven-
tional postoperative care. Based on the Consensus Guide-
lines  [3],  ERAS is subject to evolution regarding the
clinical implementation and modification of its items. 
Although ERAS significantly decreases LOS and the 
overall occurrence of complications, compliance with its 
protocol in daily clinical practice worldwide is not opti-
mal  [7] . Considering multidisciplinary in ERAS, coop-
eration with anesthetists, nurses, physiotherapists, out-
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patient care and general practitioners is mandatory to 
further improve implementation and thus the outcome 
and success of ERAS. This review further emphasizes 
that knowledge regarding underlying tissue level pro-
cesses and complex immune inflammatory cascades is 
limited. First promising results from experimental and 
pharmacological studies need to translate into the clini-
cal experimental setting with the aim of reaching higher 
levels of evidence.

  Keeping up with the evolution of the ERAS protocol in 
the last decade, it may be challenging to omit individual 
items or replace and modify them in order to reach better 
outcomes. Several studies suggest that recovery after sur-
gery may rather be influenced by the surgical approach 
then by the ERAS items per se, which may overreach 
minimally invasive techniques compared with the other 
ERAS items. There is no doubt that the role of epidural 
anesthesia especially in laparoscopy and ERAS needs to 
be reviewed critically due to controversial results, lack of 
evident data and side effects.

  The humoral, immune and inflammatory response 
after abdominal surgery is one of the major topics in 
translational research. Since inflammatory processes are 
known to induce POI based on a cascade of mediators 
(IL, TNF), several tissue level treatment options have 
been investigated. Reduced activation of mast cells by 
laparoscopy, pharmacological stabilization of mast cell 
degranulation and central activation of cholinergic anti-
inflammatory pathways are promising approaches to 
prevent POI. The surgical access seems to have an im-
portant impact, but its clinical significance regarding
immune, inflammatory and humoral response and re-
covery is still uncertain and needs further research. 
Dexamethasone can reduce complications, LOS and in-
flammatory response in the clinical setting. But similarly 
to immune modulation and immune nutrition, its role in 
the ERAS concept needs further clarification. New ap-
proaches to prevent POI are based on intra- and intercel-
lular processes. Since animal studies have revealed that 
POI is a T-helper type-1 cell-mediated disease, prevention 
of T cell migration, inhibition of IL-12, TGF- �  and INF-
 �  is a potential treatment option, which has to be further 
investigated in clinical settings. Agonists of 5-HT4R, of 
the dopamine receptor and the ghrelin receptor may be 
helpful to overcome POI and present interesting targets 
for further investigations.

  Using laparoscopy rather than open surgery increases 
tissue oxygenation whereas the analgesic regimen has no 
effect on perioperative oxygen delivery. To reduce the 
postoperative insulin resistance, perioperative glucose 

administration and preoperative carbohydrate drinks 
can improve the outcome and reduce LOS.

  GDT facilitates faster recovery of gastrointestinal 
function (POI) and better microcirculation. But GDT 
needs to be combined with colloid fluid administration 
to provide its full effect. But still, there is a lack of data 
integrating GDT and colloid fluid administration in rou-
tine ERAS and the practicing anesthetist is still left with 
some unanswered questions.

  New drugs have been investigated to improve the out-
come in ERAS. Alvimopan is one of the new medications 
and has been increasingly used in clinical studies. It can 
reduce LOS and the occurrence of POI, but its clinical 
implementation into the ERAS concept is less then ex-
pected. Since the US FDA approved alvimopan (Entereg) 
in 2008, further clinical studies investigating the impact 
of alvimopan in the ERAS concept are needed. Capsaicin 
is only beneficial in local administration in chronic pain, 
which challenges its role in ERAS. Local anesthetics pro-
vide evidence-improving data in ERAS, considering its 
known use in local and regional anesthesia (e.g. TAP 
block), but also showed promising effects in reducing POI 
and LOS when administered intravenously.

  In summary, the modalities of the ERAS protocol are 
subject to a constant evolution. It may be difficult signif-
icantly to improve the good results of the ERAS protocol 
by adding further items. Translational research topics 
may have higher potential for improving outcomes in 
ERAS. But considering the limited knowledge in basic 
research topics, further investigation of tissue level pro-
cesses is mandatory.
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