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Introduction

The concept of ‘‘enhanced recovery after surgery’’

(ERAS) or ‘‘fast-track surgery’’ using multimodal peri-

operative care programs was introduced by Kehlet [1] in

1997 and has been evaluated in numerous prospective

trials over the past decade. Evidence-based guidelines

have been established, particularly for colorectal surgery

[2, 3]. The aim of this new concept is to facilitate

shortening of the hospital stay and the rapid resumption

of normal activities. Evidence-based ERAS items include

standard anesthetic protocols, perioperative fluid man-

agement, and postoperative analgesia, which are in large

part responsible for the role of the anesthesiologist as a

key element affecting the outcome of surgery [1].

Among these factors, regional anesthesia used in addition

to general anesthesia not only achieves adequate anal-

gesia but also reduces the need for postoperative intra-

venous opiates and ameliorates the stress response,

reducing insulin resistance for example [4]. Therefore,

the use of regional anesthesia techniques potentially

supports the ERAS concept in different types of sur-

geries [5]. For example, thoracic epidural analgesia

(TEA) is an optimal established analgesia element in the

ERAS protocol for open laparotomy [2, 3]. However,

few regional anesthesia techniques, including transversus

abdominis plane (TAP) block [6], the infiltration of local

anesthetic into the surgical incision [7], and an intrave-

nous infusion of local anesthetics [8], are recommended

at a middle-grade evidence level [1]. The aim of this

article is to clarify the potential of regional blocks as a

primary item of multimodal analgesia in the ERAS

protocol for trunk surgery.

The role of anesthesiologists in the recommended ERAS

protocol

Anesthesiologists usually make a large contribution to

providing optimal surgical conditions and minimizing

postoperative pain and complications [9]. The use of

three key elements affecting surgical outcomes, including

the anesthetic protocol (general, regional, or combined),

fluid therapy, and postoperative analgesia, in the ERAS

protocol has been described as a trimodal approach [10].

Implementing the optimal anesthetic protocol provides

the best surgical conditions and results in rapid emer-

gence from general anesthesia while preventing
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postoperative side effects and early complications. The

combination of regional anesthesia and general anesthesia

can attenuate the surgical stress response, including a

reduction in insulin resistance, and minimize the need for

opiates with their related complications. Fluid therapy also

influences surgical outcomes. Hypovolemia results in a

decrease in the blood flow in vital organs. Conversely, too

much fluid overload induces bowel edema and increases the

amount of interstitial fluid, both of which lead to complica-

tions. The third factor, the optimal analgesic technique,

should provide adequate pain relief and allow early mobili-

zation, an early return of gut function, and early feeding, with

no associated complications [2].

Optimal postoperative analgesia in the ERAS protocol

Previous studies have demonstrated that poorly con-

trolled pain and opioid-related side effects can delay

discharge after outpatient surgery [11]. These findings

have led to the hypothesis that a reduction in the surgical

stress response will result in a reduced incidence of

organ dysfunction, thereby improving outcomes [1].

Furthermore, excess opioid use also contributes to dose-

related side effects (sedation, nausea and vomiting, uri-

nary retention, respiratory depression, bladder dysfunc-

tion, ileus, and possibly sleep disturbances), which have

both direct and indirect negative impacts on patient

outcomes. Hence, the main principle for administering

analgesia in the ERAS concept is to provide opioid-

sparing therapy, thereby preventing opioid-related side

effects [12]. Patient-controlled analgesia has been widely

used in many surgical procedures, improving patient

satisfaction; however, this technique does not provide

optimal dynamic pain relief after major surgery.

Recently, multimodal analgesia techniques involving

different combined modalities of pain control have been

developed to enhance additive or synergistic analgesia as

well as to decrease opioid consumption and adverse

effects. Among these modalities, nonsteroidal anti-

inflammatory drugs are known to provide moderate

postoperative analgesia with an opioid-sparing effect of

20–30 % [13], with little effect on the surgical stress

response and organ dysfunction [1]. However, several

controlled trials have revealed that continuous TEA is

the most effective technique for reducing the surgical

stress response and achieving an optimal established

analgesic method, providing dynamic pain relief and

allowing for early mobilization after major surgery [14].

TEA with a local anesthetic also maintains bowel func-

tion and reduces the incidence of ileus compared to

multimodal analgesia [15]. Therefore, the use of TEA is

highly recommended in open laparotomy; however, this

choice remains controversial in cases of minimally

invasive surgery, such as laparoscopic colectomy,

nephrectomy, and prostatectomy, with the exception of

recovery of the bowel function [9]. Recent studies have

demonstrated that the duration of treatment with major

analgesics after laparoscopic surgery is much shorter

than that observed after open surgery, resulting in shorter

hospital stays [16]. Therefore, in minimally invasive

abdominal surgery, the use of TEA can be overzealous,

even without the occurrence of critical complications,

epidural hematomas, abscesses, or neural injury. Hence,

there is increasing interest in the use of peripheral nerve

blocks (PNBs), particularly truncal abdominal l nerve

block or thoracic paravertebral nerve block techniques,

as alternatives to TEA [2].

Effects of regional anesthesia on the surgical stress

response

Surgical stress and severe postoperative pain produce a

variety of changes in endocrine and metabolic function and

inflammatory response. This series of bioreactions consists

of the release of catabolic activated hormones (e.g., cortisol,

glucagon, and catecholamine) despite decreases in the levels

of anabolic hormones, such as insulin, thereby prompting a

catabolic shift. An increase in plasma norepinephrine is the

most critical stress response, producing paradoxical va-

sospasms in patients with arteriosclerosis, which causes

cardiovascular events combined with a hypercoagulable

condition. Perioperative manifestations of this response

include hypertension, tachycardia, hyperglycemia, a sup-

pressed immune function and an altered renal function.

Accordingly, a reduction in the stress response and pain

results in a reduced incidence of organ dysfunction, thereby

improving surgical outcomes [1, 17]. Mechanisms of

releasing catabolic activated hormones include afferent

neural stimuli and inflammatory mediators, with other fac-

tors being bleeding, hypothermia, starvation and immobili-

zation. Among these factors, afferent sensory information

from the surgical site appears to play a key role in this

mechanism [18], as only regional anesthesia techniques with

local anesthetics have been described as achieving a signif-

icant reduction in the surgical stress response [12].

Afferent nerve blockade, whether with TEA, PNB, or

infiltration of local anesthetics, provides several physio-

logical advantages, all of which result in optimal conditions

for successful ERAS (Fig. 1) [5]. It can be difficult to

evaluate how much of a positive effect an individual

regional anesthetic technique has on the overall outcome

due to unanswered questions in translational research, par-

ticularly concerning endocrine, metabolic, inflammatory,

and immune responses and changes in analgesic modalities
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[19]. Even thoracic epidural blocks are only partially

effective in regulating endocrine-metabolic responses after

upper body procedures, which may be due to adverse

reflexes, inadequate blockade, and/or hypothalamic stimu-

lation from inflammatory mediators [20]. Therefore,

regional anesthesia, including TEA, should be considered a

limited therapeutic component, aimed at attenuating the

stress and pro-inflammatory responses, thereby maintaining

organ function [5].

Alternative afferent nerve block techniques to TEA

TEA has been established as the optimal analgesic tech-

nique for major laparotomy and is associated with a

reduced incidence of ileus with local anesthetics and

shortened hospital stays [15]. However, in laparoscopic

surgery, it remains controversial as to whether this tech-

nique is essential, as previously described. Turunen et al.

[21] demonstrated that TEA significantly subdues pain,

reducing opioid consumption, during the first 48 h after

laparoscopic sigmoidectomy. However, the use of TEA

does not alter postoperative rehabilitation outcomes. In the

principle of afferent nerve blockade, various regional

anesthesia techniques have great potential as alternatives to

epidural analgesia in the ERAS program [5]. The following

techniques have already become widely used; however,

their beneficial aspects for the ERAS program have not

been well defined and may be limited for use in lower

abdominal surgery. These techniques require further

detailed research as to patient outcomes.

TAP block

TAP block is defined as the injection of local anesthetic agents

between the deep fascia of internal oblique and the superficial

fascia of the transversus abdominis plane. Its use in lower

abdominal surgery to provide postoperative analgesia has

increased in popularity [22, 23]. Several studies have

demonstrated that the use of TAP block provides excellent

analgesia, despite the decreased duration compared to TEA,

and reduces both opiate requirements and the incidence of

PONV [6, 23, 24], while contributing to a median postopera-

tive hospital stay of 3 days in patients undergoing laparoscopic

colorectal resection [6]. The effects on patient outcomes may

be due to attenuation of the surgical stress response by somatic

afferent nerve block. Therefore, this procedure should be

considered a part of multimodal analgesia and enhanced

recovery in patients undergoing abdominal surgery.

Wound infiltration of local anesthetics

The efficacy of continuous wound infiltration is inconsistent

with respect to reductions in pain scores and opioid con-

sumption [5]. These results may depend on several factors,

including local anesthetic characteristics (type, concentra-

tion, and volume) and catheter use or anatomical catheter

localization. However, Beaussier et al. [7] recently demon-

strated a significant reduction in morphine consumption,

improved pain relief, and accelerated postoperative recovery

following the continuous infusion of 0.2 % ropivacaine

(10 ml/h) through a multi-holed wound catheter into the

preperitoneal space. This anatomical approach is rational, as

local anesthetics can infiltrate into both the anterior cutane-

ous branch of the spinal nerve and the intraperitoneal cavity.

Therefore, this technique provides both visceral nerve and

somatic nerve blockade. Consequently, local anesthetic

infiltration may be beneficial in a multimodal approach to

postoperative pain management after major surgery.

Administration of intravenous lidocaine

The administration of intravenous lidocaine is known to

accelerate postoperative recovery after colon surgery,

which reduces analgesic requirements, decreases surgical

stress and inflammatory responses, and has been reported

to accelerate the return of bowel function after surgery

[8, 25, 26]. Kaba et al. [8] demonstrated that

Fig. 1 Physiological

advantages of afferent neural

blockade (from [5])
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perioperative infusion of lidocaine (1.5 mg/kg at the

induction of anesthesia, followed by continuous infusion

of 2 mg/kg/h intraoperatively) improves postoperative

analgesia, fatigue, and bowel function, although it does

not reduce endocrine or metabolic response, after lapa-

roscopic colectomy. These benefits are associated with a

significant reduction in hospital stay. A meta-analysis

also demonstrated that intravenous administration of

lidocaine significantly decreases the duration of ileus,

length of hospital stay, postoperative pain intensity at

24 h after surgery, and incidence of PONV [25, 26].

Conclusion

The role of afferent nerve block in the ERAS program is

not only to contribute to analgesic effects but also to

attenuate the stress and inflammatory responses, which

may consequently reduce the rehabilitation period and

hospital stay. The use of TEA is highly recommended as

the postoperative analgesic component in the ERAS pro-

tocol for open laparotomy. In contrast, based on previous

evidence, other regional techniques offer potential alter-

natives to TEA as part of multimodal analgesia programs.

References

1. Kehlet H. Multimodal approach to control postoperative patho-

physiology and rehabilitation. Br J Anaesth. 1997;78(5):606–17.

2. Gustafsson UO, Scott MJ, Schwenk W, Demartines N, Roulin D,

Francis N, McNaught CE, MacFie J, Liberman AS, Soop M, Hill A,

Kennedy RH, Lobo DN, Fearon K, Ljungqvist O, Enhanced Recovery

After Surgery Society. Guidelines for perioperative care in elective

colonic surgery: Enhanced Recovery After Surgery (ERAS�) Society

recommendations. Clin Nutr. 2012;31(6):783–800.

3. Lassen K, Soop M, Nygren J, Cox PB, Hendry PO, Spies C, von

Meyenfeldt MF, Fearon KC, Revhaug A, Norderval S, Ljungqvist

O, Lobo DN, Dejong CH, Enhanced Recovery After Surgery

(ERAS) Group. Consensus review of optimal perioperative care

in colorectal surgery: Enhanced Recovery After Surgery (ERAS)

Group recommendations. Arch Surg. 2009;144(10):961–9.

4. Uchida I, Asoh T, Shirasaka C, Tsuji H. Effect of epidural

analgesia on postoperative insulin resistance as evaluated by

insulin clamp technique. Br J Surg. 1988;75(6):557–62.

5. Carli F, Kehlet H, Baldini G, Steel A, McRae K, Slinger P,

Hemmerling T, Salinas F, Neal JM. Evidence basis for regional

anesthesia in multidisciplinary fast-track surgical care pathways.

Reg Anesth Pain Med. 2011;36(1):63–72.

6. Conaghan P, Maxwell-Armstrong C, Bedforth N, Gornall C,

Baxendale B, Hong LL, Carty HM, Acheson AG. Efficacy of

transversus abdominis plane blocks in laparoscopic colorectal

resections. Surg Endosc. 2010;24(10):2480–4.

7. Beaussier M, El’Ayoubi H, Schiffer E, Rollin M, Parc Y, Mazoit

JX, Azizi L, Gervaz P, Rohr S, Biermann C, Lienhart A, Eledjam

JJ. Continuous preperitoneal infusion of ropivacaine provides

effective analgesia and accelerates recovery after colorectal sur-

gery: a randomized, double-blind, placebo-controlled study.

Anesthesiology. 2007;107(3):461–8.

8. Kaba A, Laurent SR, Detroz BJ, Sessler DI, Durieux ME, Lamy

ML, Joris JL. Intravenous lidocaine infusion facilitates acute

rehabilitation after laparoscopic colectomy. Anesthesiology.

2007;106(1):11–8.

9. White PF, Kehlet H, Neal JM, Schricker T, Carr DB, Carli F,

Fast-Track Surgery Study Group. The role of the anesthesiologist

in fast-track surgery: from multimodal analgesia to perioperative

medical care. Anesth Analg. 2007;104(6):1380–96.

10. Levy BF, Scott MJ, Fawcett WJ, Day A, Rockall TA. Optimizing

patient outcomes in laparoscopic surgery. Colorectal Dis.

2011;13(Suppl 7):8–11.

11. Pavlin DJ, Chen C, Penaloza DA, Polissar NL, Buckley FP. Pain

as a factor complicating recovery and discharge after ambulatory

surgery. Anesth Analg. 2002;95(3):627–34.

12. Kehlet H, Holte K. Effect of postoperative analgesia on surgical

outcome. Br J Anaesth. 2001;87(1):62–72.

13. Power I, Barratt S. Analgesic agents for the postoperative period.

Nonopioids. Surg Clin North Am. 1999;79(2):275–95.

14. Jørgensen H, Wetterslev J, Møiniche S, Dahl JB. Epidural local

anaesthetics versus opioid-based analgesic regimens on postop-

erative gastrointestinal paralysis, PONV and pain after abdominal

surgery. Cochrane Database Syst Rev. 2000;4:CD001893.

15. Liu SS, Carpenter RL, Mackey DC, Thirlby RC, Rupp SM, Shine

TS, Feinglass NG, Metzger PP, Fulmer JT, Smith SL. Effects of

perioperative analgesic technique on rate of recovery after colon

surgery. Anesthesiology. 1995;83(4):757–65.

16. Levy BF, Scott MJ, Fawcett WJ, Rockall TA. 23-hour-stay lap-

aroscopic colectomy. Dis Colon Rectum. 2009;52(7):1239–43.

17. Holte K, Kehlet H. Epidural anaesthesia and analgesia—effects

on surgical stress responses and implications for postoperative

nutrition. Clin Nutr. 2002;21(3):199–206.

18. Kehlet H. Surgical stress: the role of pain and analgesia. Br J

Anaesth. 1989;63(2):189–95.

19. Hoffmann H, Kettelhack C. Fast-track surgery—conditions and

challenges in postsurgical treatment: a review of elements of

translational research in enhanced recovery after surgery. Eur

Surg Res. 2012;49(1):24–34.

20. Hill AG. Initiators and propagators of the metabolic response to

injury. World J Surg. 2000;24(6):624–9.

21. Turunen P, Carpelan-Holmström M, Kairaluoma P, Wikström H,

Kruuna O, Pere P, Bachmann M, Sarna S, Scheinin T. Epidural

analgesia diminished pain but did not otherwise improve

enhanced recovery after laparoscopic sigmoidectomy: a pro-

spective randomized study. Surg Endosc. 2009;23(1):31–7.

22. McDonnell JG, O’Donnell B, Curley G, Heffernan A, Power C,

Laffey JG. The analgesic efficacy of transversus abdominis plane

block after abdominal surgery: a prospective randomized con-

trolled trial. Anesth Analg. 2007;104:193–7.

23. Johns N, O’Neill S, Ventham NT, Barron F, Brady RR, Daniel T.

Clinical effectiveness of transversus abdominis plane (TAP)

block in abdominal surgery: a systematic review and meta-ana-

lysis. Colorectal Dis. 2012;14(10):e635–42.

24. Walter CJ, Maxwell-Armstrong C, Pinkney TD, Conaghan PJ,

Bedforth N, Gornall CB, Acheson AG. A randomised controlled

trial of the efficacy of ultrasound-guided transversus abdominis

plane (TAP) block in laparoscopic colorectal surgery. Surg En-

dosc. 2013;27(7):2366–72.

25. Marret E, Rolin M, Beaussier M, Bonnet F. Meta-analysis of

intravenous lidocaine and postoperative recovery after abdominal

surgery. Br J Surg. 2008;95(11):1331–8.

26. Harvey KP, Adair JD, Isho M, Robinson R. Can intravenous

lidocaine decrease postsurgical ileus and shorten hospital stay in

elective bowel surgery? A pilot study and literature review. Am J

Surg. 2009;198(2):231–6.

J Anesth (2014) 28:152–155 155

123


	Role of regional anesthesia in the enhanced recovery after surgery program
	Introduction
	The role of anesthesiologists in the recommended ERAS protocol
	Optimal postoperative analgesia in the ERAS protocol
	Effects of regional anesthesia on the surgical stress response
	Alternative afferent nerve block techniques to TEA
	TAP block
	Wound infiltration of local anesthetics
	Administration of intravenous lidocaine

	Conclusion
	References


