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ABSTRACT 

 

Enhanced recovery after surgery (ERAS) protocols is considered a new era in anesthesia and surgery 
practices. Those protocols are now well developed and published by the ERAS society for different 
surgical procedures. In this report we are going to focus on the role of regional anesthesia in improving 
patient outcome and achieving enhanced recovery after surgery guidelines. In particular we are going 
to report our experience with ultrasound guided regional anesthetic techniques and the role they play 
to enhance recovery of the patients. 
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INTRODUCTION 
 
Enhanced recovery after surgery (ERAS) protocols for 
perioperative care has proven of value in minimizing 
postoperative complications (Varadhan et al., 2010). 
Updated and evidence-based guidelines have been 
developed by the ERAS study group and are now 
available for colonic and rectal resections and 
pancreaticoduodenectomies (Gustafsson et al., 2012). 
Recently, there have been many published articles on 
implementing the ERAS (www.erassociety.org) protocols 
with special reference to gastrointestinal surgery 
(Feldheiser et al., 2016; Lassen et al., 2009). In 
implementing enhanced recovery after bariatric surgery 
(ERABS) protocol, it was found that the use of ERABS 
ensured the highest safety standards (Pedziwiatr et al., 
2015). ERAS guidelines for the postoperative 
management were successfully implemented in 
gynecologic/oncology surgery (Nelson et al., 2016). 
Looking in depth to the ERAS protocols, you will find that 
anesthesia plays an important role in many aspects, 

including patient education, preoperative evaluation and 
optimization, anesthesia choice and medication, fluid 
therapy, temperature monitoring, and postoperative 
analgesia. Therefore, the term enhanced recovery after 
anesthesia (ERAA) is accurately describes ERAS 
protocols. The ERAA ladder summarizes all aspects of 
ERAS protocols including the background, preoperative, 
intraoperative as well as postoperative management 
[Figure 1] (Eldawlatly, 2016). Briefly, if you look into the 
background section, you will find the most important three 
pillars of the protocol including the risk assessment, 
optimization of preexisting organ function, and education. 
Furthermore, a brief note is given on insulin resistance in 
terms of long fasting hours and the trend nowadays of 
giving preoperative carbohydrates to reduce surgical 
stress. In the preoperative section, you will find the most 
important risk stratification tools commonly used in 
clinical practice with strong recommendation grade. Of 
note the Lee index which grades the patient as high risk if  
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Figure 1. Enhanced Recovery After Anesthesia (ERAA) (Eldawlatly, 2016).  

 
 
he/she has a history of ischemic heart disease and or 
cerebrovascular disease, heart failure, diabetes mellitus 
who is undergoing high-risk surgery with a creatinine 
level >177 mmol/l (Archan et al., 2010). Smoking 
cessation for at least 4 weeks before surgery is highly 
recommended. In the intraoperative section, standard 
anesthetic protocol should be adhered with where the 
anesthetic depth guided with bispectral index monitoring 
between 40 and 60 to prevent awareness and to 
minimize anesthetic side effects with rapid recovery. The 
standard anesthetic protocol is strongly recommended in 
the ERAS protocol. Neuromuscular transmission 
monitoring and reversal of neuromuscular blockade are 
strongly recommended. We believe that sugammadex 
which is specific reversal agent for rocuronium has 
ensured the adequate return of muscle function and 
nearly eliminates the problem of residual paralysis during 
the recovery period. Looking into the postoperative 
section, you will find opioid sparing techniques including 
regional techniques are strongly recommended as 
multimodal analgesia strategy for open and laparoscopic 
abdominal surgical procedures. Thoracic epidural 
analgesia is strongly recommended in open and weakly 
recommended in laparoscopic abdominal surgery. 
Intravenous lidocaine infusion is moderately 
recommended for both surgical techniques (Khan et al., 
2016). Continuous wound infiltration of local anesthetic is 
weekly recommended in open abdominal surgery 
technique (Hughes et al., 2015). On the contrary 
transversus abdominis plane (TAP) block is strongly 

recommended in laparoscopic abdominal surgery (Gao et 
al., 2016).  

Regional anaesthesia (RA) techniques, including 
neuraxial and peripheral nerve block, can provide many 
benefits for patients in the perioperative period. These 
benefits include a decrease in postoperative pain, 
decrease in nausea and vomiting, improvement in 
mobilization and decrease in length of stay (LOS), 
reduction in surgical stress response, and reduction in 
morbidity and mortality (Choi et al., 2013; Berwick et al., 
2008). 

 
Enhanced recovery protocols (ERPs) are bundled 

interventions that are used to improve recovery and 
outcomes after surgery (Kehlet, 2015). ERPs include 
interventions spanning the perioperative period and have 
been widely researched in colorectal surgery. More 
recently, ERPs have also been studied in other surgeries. 
A meta-analysis of the impact of ERPs on outcomes after 
elective surgery demonstrated that ERPs were beneficial 
in decreasing LOS and total complications. RA 
interventions are often included in ERPs. However, 
consistent evidence that the specific elements included 
within ERPs affect patient outcome is lacking. Although 
bundling allows patients to benefit from a variety of 
evidence-based interventions targeted at a shared 
objective, quantification of the impact of each component 
on outcomes is challenging (Nicholson et al., 2014).  

Therefore, understanding the added benefit of RA 
within an ERP is of key importance to patients and 
clinicians. To date, the impact of RA on patient outcomes 
in an ERP has been systematically described only in the  
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setting of open colorectal surgery. In a review of seven 
trials, epidural analgesia (EA) was associated with 
improved pain scores and faster return of gut function 
than i.v patient-controlled analgesia (IVPCA). However, 
complications were more common in the EA group, and 
no difference in LOS between intervention groups was 
identified (Nix et al., 2013; Hughes et al., 2014). 
 
 
RA techniques in ERPs 
 
Interscalene analgesia 
 
Shoulder surgery results in significant postoperative pain 
which warrants effective postoperative analgesia. 
Ultrasound-guided interscalene brachial plexus block 
(ISBPB) has gained wide acceptance as a preferred 
method of postoperative analgesia following shoulder 
surgery (Neville et al., 2014). Local anesthetic 
administration via patient-controlled pump was found to 
decrease the postoperative pain and the need for rescue 
analgesics (Tariq and Abdulaziz, 2011). Commonly local 
anesthetics are administered into the interscalene 
brachial plexus (ISBP) continuously in the postoperative 
period followed by removal of the perineural catheter 
(Byeon et al., 2015). Infusion methods exert influence on 
the course of the operation or the occurrence of adverse 
effects, as prolonged contact of surrounding tissues with 
local anesthetic may cause changes in those tissues and 
may lead to the development of toxicity in the 
surrounding tissues (Tuominen et al., 1987). Even with 
proper procedural technique, ISBPB could lead to 
postoperative neurological complications in certain cases 
(Haasio et al., 1990). Perineural catheters located 
precisely at the targeted nerves can supply sufficient 
analgesia with small volume of local anesthetics. Current 
literature suggests a reduction of the volume of local 
anesthetics used for ultrasound-guided upper extremity 
blockades (Dhir et al., 2007). In one study it was found 
that single-shot interscalene block with less than 10ml of 
ropivacaine in arthroscopic rotator cuff reconstruction 
reduced postoperative pain for several hours after the 
operation (Koscielniak-Nielsen and Dahl, 2012). In 
another study the authors recommended the use of 
single-shot interscalene plexus block in combination with 
patient controlled catheter system under ultrasound (US) 
guidance only for the first 24 h after major open-shoulder 
surgery (Taninishi et al., 2011). In an unpublished data 
we have found that there was no differences in the quality 
of pain relief following bolus injections of bupivacaine at 
different time intervals in shoulder surgery patients 
received ISBPB via catheter technique. Continuous 
interscalene brachial plexus block has been shown to be 
the most effective analgesic technique following shoulder 
surgery; however, its use is uncommon due to logistical 
and safety concerns related to ambulatory administration.  

 
 
 
 
In another study on 1505 consecutive patients 
undergoing shoulder surgery who received continuous 
interscalene analgesia at home. Catheter removal was by 
the patient between postoperative days two and five. 
There were no major complications although 27% of 
patients reported mild dyspnea, 13% hoarseness and 7% 
dysphagia. Twelve percent sought medical advice and 
2% reported technical issues with the pump or tubing. 
Complications and technical issues were associated with 
patient age; weight; use of ultrasound or concomitant 
nerve stimulation as the endpoint for final needle tip 
position; local anaesthetic placement via the catheter or 
needle; whether a catheter related intervention for pain 
relief was required in the recovery area; and the type of 
ambulatory pump (Goebel et al., 2010).  
 
 
IIa. Conventional transversus abdominis plane (TAP) 
block (external) 
 
Although laparoscopic surgery procedures is considered 
to be a minimally invasive surgical procedure with lower 
perioperative pain scores compared with open 
procedures, it is associated with significant levels of 
postoperative pain. Usually, standard general anaesthetic 
is given to patients undergoing laparoscopic surgery. 
However, the use of neuraxial anaesthesia or of 
intraperitoneal local anaesthesia has been shown to 
increase the efficacy of perioperative pain therapy and 
reduce the consumption of opioid drugs. Peripheral 
regional anaesthetic techniques could be considered as 
an attractive alternative to central blocks or high-dose 
intraperitoneal anaesthesia. The TAP block (external) 
involves the sensory nerve supply of the anterior –lateral 
abdominal wall, where the T7– 12 intercostal nerves, the 
ilioinguinal and iliohypogastric nerves, and the lateral 
from cutaneous branches of the dorsal rami of L1– 3 are 
blocked with an injection of local anaesthetic between the 
internal oblique abdominal muscle (IOAM) and the 
transverse abdominal muscle (TAM) after visualizing the 
external oblique abdominal muscle (EOAM) via 
ultrasound device. TAP blocks are performed for 
indications such as Caesarean delivery, bowel surgery, 
or retropubic prostatectomy. Direct ultrasonographic 
visualization of the anatomy involved and the spread of 
local anaesthetic could serve as the best technique to 
perform a TAP block (Figure 2) (El-Dawlatly et al., 2009). 
In the ERAA protocol TAP block is considered an 
essential part of the multimodal postoperative analgesic 
techniques following laparoscopic or open abdominal 
surgery.  
 
 
IIb. Inside-out TAP block (internal) 
 
Although TAP block is considered simple, safe, and 
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Figure 2. Transverse ultrasound view of the EOAM, IOAM, and 
TAM . (El-Dawlatly et al., 2009) 

 
 

 
 
Figure 3. Needle insertion (El-Dawlatly and Al-Dohayan, 2014) 

 
 
effective, there are two reports of significant morbidity 
resulting from damage to viscera, namely liver trauma, 
even when using US-guidance (Lancaster and Chadwick, 
2010; Farooq and Carey, 2008). In an attempt to avoid 
visceral injury during TAP block, Owen et al., have 
described a much simpler technique in which the 
obstetric surgeon, during open surgery, was able to 
introduce the TAP block via an intra-abdominal approach, 
which was technically easier and also obviates the risks 
associated with the conventional TAP 
procedure.  Owen et al. (2011) have reported their series 
in open surgery; we sought of doing TAP block during 
laparoscopic surgery with retrograde approach or in other 
words "inside-out" TAP block approach (Owen et al., 
2011). Theoretically "inside-out TAP" (internal) approach 
will avoid any possible visceral or vascular trauma 

compared with the conventional TAP (external) 
technique. In our case, TAP block was performed under 
US-guidance with a SonoSite M-Turbo transportable US 
device (SonoSite 

TM
 Inc., Bothell, WA, USA) and a linear 

6-13 MHz US transducer. The edge of the probe was 
covered by a sterile plastic transducer sheath 
(Intercoverw, Microtek Medical, USA) and a sterile gel 
(Asept Inmed, Quint Fonsegrives, France) was applied 
on the skin. Once the abdominal wall muscles were 
visualized at the level of the anterior axillary line between 
the 12 

th
 rib and the iliac crest then, the surgeon 

introduced a 50-mm, 19-gauge needle (Nanoline; Pajunk, 
Geisingen, Germany) through one of the laparoscopic 
ports [Figure 3] (Owen et al., 2011). Once the tip of the 
needle was placed within the TAP, negative aspiration 
was performed followed by injection of 15 mL  
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Figure 4. Catheter insertion (El-Dawlatly and Al-Dohayan, 2014) 

 
 

 
 
Figure 5. Arrow point at the needle tip visualized in the posterior rectus 
sheath with tissue plane dissection from local anesthetic spread. 

 
 
 
bupivacaine 5 mg/mL with local anesthetic spread 
appeared on the US screen. Following needle insertion a 
21-gauge catheter was introduced through the needle 
and fixed to the abdominal wall for continuous TAP 
block [Figure 4] (El-Dawlatly A, Al-Dohayan, 2014). 

We have described this novel approach of “inside-out” 
TAP (internal) technique which we think it’s safer than the 
conventional TAP (external) approach for laparoscopic 
surgery in terms of avoiding visceral or vascular trauma. 
Furthermore, we believe that continuous “inside-out” TAP 
block (internal) approach is feasible and may provide 
more asepsis than the classic TAP (external) approach.  
 
 
III. Rectus sheath block (RSB) 
 
The rectus sheath block (RSB) is an old technique that 
gained new clinical interest. It was first introduced into 
clinical practice in 1899 (Schleich, 1899). By then it was 

used to achieve operative muscle relaxation and 
analgesia. RSB is assumed to suite midline incisions. 
Like other central non-neuraxial regional anesthesia, 
blocks of the abdomen RSB only provides analgesia for 
somatic pain, not pain of visceral origin. The anterior 
branches of the lower six thoracic and first lumbar 
sensory nerves travel in the TAP and enter medially into 
the rectus sheath, passing between rectus muscle and 
the posterior sheath. They penetrate anteriorly through 
rectus muscle ending by supplying the skin from the 
midline to approximately the anterior superior iliac spine. 
The local anesthetic (LA) can be deposited between the 
muscle and the posterior rectus sheath as anterior 
insertions of the arcuate lines limit the spread of LA 
solution anteriorly. Because, the lower abdomen nerves 
have a progressively shorter course, too medially 
deposited local anesthetic in the rectus sheath plane may 
miss all the nerves. In one study it was concluded that 
Ultrasound-guided rectus sheath block is an easy  
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Figure 6. Laparoscopic peritoneal dialysis catheter insertion (LPDCI) ladder (Eldawlatly and 
Aldohayan, 2016) 

 
 
technique to learn. This technique, when used with 
general anesthesia, was found effective in reducing pain 
scores and opioid consumption compared to general 
anesthesia alone (figure 5) (Bashandy and Elkholy, 
2014). 
 
 
III. Combined TAP and RS blocks 
 
End-stage renal disease (ESRD) patients undergoing 
laparoscopic peritoneal dialysis catheter insertion 
(LPDCI) presents a real challenge to the 
anesthesiologists due to the associated comorbidities. 
ESRD patient can be labeled as a syndromic patient due 
to the involvement of many other body systems in the 
disease. Usually, those patients are suffering from all 
side effects of chronic longstanding diabetes mellitus as 
well as cardiorespiratory diseases. Anesthesia for LPDCI 
includes understanding the background of ESRD and the 
associated co-morbidities. The background includes risk 
assessment, optimization of preexisting diseases, and 
education which we have discussed in details in this 
review. Anesthesia for LPDCI can be either general or 
regional anesthesia. The choice of the anesthetic 
technique depends on the risk stratification performed 
preoperatively. In our practice, we perform general 
anesthesia (GA) if the patient tolerates it with low-risk. 
GA includes the use of rocuronium to facilitate tracheal 
intubation and sugammadex to reverse its effect with 
continuous neuromuscular transmission monitoring. 
Ultrasound guided (USG) truncal blockade is our 
technique of choice in the case of high risk for GA 

encountered. In our practice, we have noticed that those 
patients tolerate the procedure very well with the 
combination of transverses abdominis plane (TAP) and 
rectus sheath (RS) blocks. Usually, the three ports 
inserted one on each hypochondrium and the third port 
sub umbilical in the midline. Furthermore, the patient 
receives an intravenous continuous infusion of 
dexmedetomidine 4 µg/ml at a dose of 0.5-1 µg/ kg/h for 
intraoperative sedation. Postoperative pain relief is 
achieved by the truncal blocks performed intraoperatively 
and by local anesthetic instillation within the 
intraperitoneal cavity. We have introduced the LPDCI 
ladder which summarizes the perioperative management 
of those patients [Figure 6]. We believe that the 
combination of TAP and RS blocks provides safe and 
effective anesthetic technique for high-risk ESRD patients 
undergoing LPDCI (Eldawlatly and Aldohayan, 2016). 

In summary regional anesthesia techniques are 
commonly included in ERAA because of their positive 
effect in improving recovery after anesthesia. Our review 
suggests that RA interventions improve pain, organ 
function, and mobility, and the decreased nausea and 
vomiting and LOS. We have introduced the ladder series 
which we believe will help anesthesiologists in a simple 
manner to memorize what they should do to achieve 
ERAA for their patients and hence improving the 
outcome.  
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