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1  | INTRODUC TION

Tumescent local anesthesia (TLA) is a variant form of local anesthe-
sia in which a large volume of diluted solution of local anesthetic and 
epinephrine is injected into the tissue. The TLA method has been 
utilized in various surgical procedures, such as liposuction,1 varicose 
vein treatment,2 and cardiac pacemaker implantation.3 However, 
applying TLA to inguinal hernia repair has been reported only by a 

limited number of authors.4–6 There are several methods of analgesia 
for inguinal hernia repair; however, recent reports have supported 
the effectiveness of local anesthesia in view of less invasiveness, 
cost-effectiveness, and good clinical outcomes. We recently re-
ported safety and feasibility of TLA method for inguinal hernia re-
pair with the experience of 273 patients.7 We report our surgical 
procedure, which we have named “three-step TLA technique,” for 
easier understanding.
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Abstract
The optimal method of anesthesia for inguinal hernia repair is still controversial. We 
have developed “three-step tumescent local anesthesia (TLA) technique” for ingui-
nal hernia repair, and recently showed that this technique is acceptable in view of 
short- and long-term clinical outcomes. Our study included 273 consecutive cases 
(290 sides) of elective inguinal hernia repair performed under the newly developed 
technique between September 2003 and May 2019, and overall clinical outcomes 
were considered to be safe and feasible. Herein, we report the surgical procedure 
of “three-step TLA technique.” Briefly, we rapidly inject the diluted solution of local 
anesthetic and epinephrine step-by-step into the three following closed tissue space. 
Initially, 80 mL injection into the subcutaneous tissue before skin incision (Step 1). 
After the external oblique fascia is exposed, injection of 20 mL into the inguinal canal 
before the external oblique fascia is incised and opened (Step 2). The hernia sac and 
spermatic cord are then dissected, and the blunt dissection of the preperitoneal 
space is made by injecting 20 mL under the internal inguinal ring (Step 3), followed by 
placing a gauze into the preperitoneal space, creating the space for mesh placement. 
We consider that the most important point of this technique is achieved through the 
rapid injection of TLA solution into each closed tissue space, which makes for easier 
dissection, hemostasis, and good pain control.
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2  | MATERIAL S AND METHODS

2.1 | Patients

We retrospectively reviewed the medical charts of 273 consecu-
tive cases (290 sides) of inguinal hernia repair performed under TLA 
between September 2003 and May 2019 at the Hokkaido Cancer 
Center. The emergency cases, such as incarcerated hernias, were 
excluded from the study.

2.2 | Surgical technique

All the surgical procedures were performed with a “three-step TLA 
technique.” The novel surgical procedure of inguinal hernia repair is 
performed as described below.

Before starting the operation, we prepare two types of diluted 
mixtures of local anesthetics (liquid A: 1% lidocaine with epineph-
rine 20  mL  +  normal saline 200  mL; and liquid B: 1% lidocaine 
10 mL + 0.2% bupivacaine 10 mL). Liquid A is mainly used for tumes-
cent purposes, and liquid B is used for skin anesthesia and a nerve 
block at the root of the spermatic cord to avoid pain and discomfort 
while dissecting the inguinal canal.

The patient is placed in a supine position. Before making the in-
cision, which extended 5 cm along the Langer line above the inguinal 
canal, 80 mL of liquid A is rapidly injected into the subcutaneous tis-
sue with an 18-gauge needle (Step 1; Figure 1). Subcutaneous tissue 
and Scarpa's fascia are then opened by sharp and blunt dissection in 
a bulged tissue. After the external oblique fascia and external inguinal 
ring are exposed, 20 mL of liquid A is rapidly injected into the inguinal 

canal with an 18-gauge needle (Step 2; Figure 2). The external oblique 
fascia is incised and opened, and then the content of the inguinal canal, 
including the spermatic cord and hernia sac, is mobilized and taped en 
bloc just above the pubic tubercle. The hernia sac is separated from the 
cremasteric muscle with attention not to damage the nerves. To avoid 
pain and discomfort, a nerve block using liquid B is performed at the 
root of the spermatic cord. When an indirect hernia was confirmed, the 
hernia sac is dissected from the surrounding tissue to the level of the in-
ternal inguinal ring and pushed into the preperitoneal space. If the sac is 
large, it is then excised and ligated before being pushed back. The fragil-
ity of the floor of the inguinal canal is tested by instructing the patient to 
increase their intra-abdominal pressure (Valsalva maneuver). When the 
direct hernia sac is present, it is repaired concurrently as well. The blunt 
dissection of the preperitoneal space is achieved by injecting 20 mL of 
liquid A with a tightly attached syringe onto the edge of the internal 
inguinal ring, followed by placing a gauze into the preperitoneal space 
(Step 3; Figure 3). Either a mesh plug or direct Kugel patch is chosen as 
the mesh. A mesh plug, which is a cone-shaped mesh made of polypro-
pylene, is chosen for cases with massive adhesion in the preperitoneal 
space, for instance, postprostatectomy patients.8 Otherwise, a direct 
Kugel patch, which is a self-expandable mesh made of polypropylene, 
is chosen for its extensive coverage of the hilum of direct, indirect, and 
femoral hernias.9 We routinely place an onlay patch for both, which is 
deployed and sutured on the floor of the inguinal canal.

2.3 | Ethical considerations

This study was conducted in accordance with the Declaration 
of Helsinki, and approved by the ethical review board of 

F I G U R E  1   A, The surgical landmarks 
are shown. B, C, Before making the 
incision, 80 mL of liquid A is rapidly 
injected into the subcutaneous tissue with 
an 18-gauge needle, and the bulging is 
confirmed (Step 1). D, The Subcutaneous 
tissue and Scarpa's fascia are then 
dissected in a bulged tissue
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F I G U R E  2   A, B, After the external 
oblique fascia and external inguinal 
ring were exposed, 20 mL of liquid A is 
rapidly injected into the inguinal canal 
with an 18-gauge needle, and the bulging 
of external oblique fascia is confirmed 
(Step 2). C, The content of the inguinal 
canal is mobilized and taped. The nerve 
block by liquid B is performed at the 
root of the spermatic cord to avoid pain 
and discomfort during this maneuver. 
D, Then the hernia sac is dissected from 
the surrounding tissue to the level of the 
internal inguinal ring [Colour figure can be 
viewed at wileyonlinelibrary.com]

F I G U R E  3   A-C, The blunt dissection of the preperitoneal space is achieved by rapidly injecting 20 mL of liquid A with tightly attaching a 
syringe onto the edge of the internal inguinal ring. D, Subsequent placement of a gauze into the preperitoneal space creates a space for mesh 
plug. E, A mesh plug is placed into the space created by the previous steps [Colour figure can be viewed at wileyonlinelibrary.com]
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the Hokkaido Cancer Center (approval number 31-55). We  
obtained written informed consent prior to the surgery from all patients.

3  | RESULTS

The characteristics of the patients, and the clinical outcomes were 
shown in the recently published article.7 In summary, 273 patients 
(290 sides) had undergone inguinal hernia repair by the three-step 
TLA method. More than half the patients had a medical history of 
malignancy (185 cases, 67.8%). To delve into the feasibility for the 
postprostatectomy patients, we compared the control group (C 
group; 188 cases, 198 sides) and the postprostatectomy group (P 
group; 85 cases, 92 sides). Although indirect hernia, lidocaine usage, 
and mesh plug were significantly more frequent for the P group, 
no other difference in the intra- and postoperative outcomes were 
found. Of comorbidities other than malignancy, 10 patients had 
psychoneurological problems including dementia (six cases, 2.2%). 
For the operative data, the overall operation time was 67.9 minutes 
(range, 32-150 minutes), and blood loss was 2.6 mL (range, 0-66 mL). 
No local anesthetics systemic toxicity was observed.

No recurrence was found during the mean overall follow-up pe-
riod of 1631  days (range, 5-4549 days). The confirmation of recur-
rence was to be made by physical examination, and P group follow-up 
was significantly longer than the C group follow-up possibly due to the 
postoperative follow-up of prostate cancer (P = .002). The postopera-
tive complications occurred in 12 patients; however, no case required 
reoperation. Importantly, no intraoperative sedation or conversion to 
general anesthesia for any reason was needed, and we successfully 
performed all operations solely under this novel technique.

4  | DISCUSSION

Inguinal hernia is a common occurrence with an incidence of 0.5%-
1.0% in adult males.10 The treatment is solely surgical; however, the 
optimal surgical approach and methods of analgesia are still con-
troversial. The surgical approach is mainly either anterior or laparo-
scopic; however, the recent international guidelines state that the 
differences in best outcomes for the Lichtenstein technique and TEP/
TAPP were too small to conclude which was better, and more prob-
lematically, the fact that no standardized technique exists makes ap-
plying a randomized control trial to a clinical setting more difficult.11 
The use of mesh is universally accepted for its lower recurrence 
rates, and this is based on a long-term follow-up study (10 year cu-
mulative recurrence rate of 17% vs 1%, P = .005).12 They also showed 
that there was no causal relationship between age, the surgeon's ex-
pertise, and prostate disease and recurrence.12 The choice of mesh 
is also controversial. Although the international guideline strongly 
recommends Lichtenstein's repair as the first choice for anterior 
approach,11 a study including 10 RCTs with 2708 patients revealed 
that the recurrence rate was similar for Lichtenstein's repair vs mesh 
plug repair, or prolene hernia system repair,13 implying the choice of 

mesh is largely dependent on each patient's condition and the sur-
geon's experience. For instance, postprostatectomy patients have a 
tendency toward development of inguinal hernias that are approxi-
mately 10%-20%.10,14 The etiology is still unclear; however, previous 
studies have supported the hypothesis that intraoperative damage 
to the internal inguinal ring with a subclinically existing patent pro-
cessus vaginalis leads to the clinical presentation of a postoperative 
inguinal hernia.15,16 This explains the higher incidence of an indirect 
hernia in postprostatectomy patients; conversely, a lower incidence 
of direct hernia might be due to postoperative adhesion around the 
floor of the inguinal canal. Hence, for postprostatectomy patients, 
mesh plug repair seems to be the optimal method since there is no 
need to repair a direct inguinal hernia. Indeed, the combination of 
our TLA technique and mesh plug repair fit well especially in the pro-
cedure of step 3 (dissection of preperitoneal space and mesh plug 
placement). It is easier and faster when these techniques are com-
bined, and more importantly, we showed it with good outcome.

In terms of methods of anesthesia, local anesthesia has many advan-
tages over general anesthesia or spinal/epidural anesthesia, because of 
its simplicity, early ambulation, and cost-effectiveness with no adverse 
events that are potentially induced by other types of anesthesia. Local 
anesthesia is also beneficial for medically unfit patients who cannot tol-
erate general anesthesia.17–21 TLA is a variant of local anesthesia. TLA 
involves injecting a large volume of diluted solution of local anesthet-
ics and epinephrine into the tissue, which increases the pressure in the 
tissue (hydropressure), making hemostasis, dissection (hydrodissection), 
and pain control easier. The increased amount in the tissue and the ad-
dition of epinephrine together assist with less bleeding because the mi-
crovessels are pressed flat and epinephrine causes vasoconstriction. The 
addition of epinephrine also prolongs the duration of pain control by de-
laying the absorption of local anesthetics. TLA is utilized in other surgical 
areas; however, an appliance with inguinal hernia repair is not broadly 
performed. Only three English literature reports were uncovered with 
a Pubmed search (keywords: “tumescent local anesthesia” and “inguinal 
hernia”).4–6 Our study included the largest number of patients to date 
and showed the effectiveness of TLA in short- and long-term outcomes. 
The procedure was carried out with a uniform method in every case, 
with no intraoperative sedation or conversion to general anesthesia.

The TLA solution included lidocaine (short-acting) and bupivacaine 
(long-acting). Such a mixture of short- and long-acting local anesthet-
ics has been reported to be effective as a nerve block in the area of 
ophthalmology22 and neurosurgery,23 which prolonged the duration 
of pain control.24 In addition, direct infusion of the local anesthetics 
into the surgical field has been shown to reduce postoperative pain 
in itself,25,26 synergically contributing to postoperative pain control. 
Another advantage is that a urinary disorder is less common.27,28 In our 
study, only one patient required urinary catheter insertion.

Conversely, local anesthetic systemic toxicity should be consid-
ered.29 Extremely large volumes of diluted solution with lidocaine are 
used and can potentially be infused into the bloodstream with TLA. In 
the field of liposuction surgery where TLA is generally used, it is rec-
ommended that the maximal dose of lidocaine should be 28-55 mg/
kg.30–32 In our study, the mean lidocaine dosage was 206.1 mg, which 
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was lower than any of the recommended maximal doses. However, 
any unusual symptoms must be noticed when operating under TLA.29

In conclusion, TLA is a safe and feasible method of anesthesia for 
inguinal hernia repair. There seems to be no clear contraindication even 
with patients that have severe systemic complications. Irrespective of 
the backgrounds of the patients, we successfully performed inguinal 
hernia repairs with no sedation nor conversion to general analgesia, and 
importantly, we saw no recurrence in the long-term follow-up.

DISCLOSURE
Conflict of Interest: None of the contributing authors have any con-
flict of interest

Author Contributions: Ryota Koyama and Toshiki Shinohara are 
the primary investigators of the study. Ryota Koyama searched for 
the literature and drafted the manuscript. All authors read and ap-
proved the manuscript.

ORCID
Ryota Koyama   https://orcid.org/0000-0002-8256-6141 

R E FE R E N C E S
	 1.	 Klein JA. Tumescent technique for local anesthesia improves safety 

in large-volume liposuction. Plast Reconstr Surg. 1993;92:1085–98.
	 2.	 Nandhra S, Wallace T, El-Sheikha J, Carradice D, Chetter I. A ran-

domised controlled trial of perivenous tumescent anaesthesia in 
addition to general anaesthesia for surgical ligation and stripping of 
the great saphenous vein. Phlebology. 2019;35:305–15.

	 3.	 Kawatani Y, Tajima A, Takahashi K, Watanabe S, Oguri A. 
Subpectoral pacemaker implantation under tumescent local anal-
gesia. J Surg Case Rep. 2019;2019:rjz193.

	 4.	 Tokumura H, Nomura R, Saijo F, Matsumura N, Yasumoto A, Muto M, 
et al. Tumescent TAPP: laparoscopic inguinal hernia repair after the 
preperitoneal tumescent injection of diluted lidocaine and epineph-
rine saline solution and carbon dioxide gas. Surg Today. 2017;47:52–7.

	 5.	 Chyung JW, Shin DG, Kwon Y, Cho DH, Lee KB, Park SS, et al. 
Tumescent local anesthetic technique for inguinal hernia repairs. 
Ann Surg Treat Res. 2014;87:325–30.

	 6.	 Narita M, Sakano S, Okamoto S, Uemoto S, Yamamoto M. Tumescent 
local anesthesia in inguinal herniorrhaphy with a PROLENE hernia 
system: original technique and results. Am J Surg. 2009;198:e27–31.

	 7.	 Koyama R, Maeda Y, Minagawa N, Shinohara T. The safety and fea-
sibility of tumescent local anesthesia for inguinal hernia repair: a 
review of 273 consecutive patients. Asian J Surg. 2020;43:700–1.

	 8.	 Gilbert AI. Sutureless repair of inguinal hernia. Am J Surg. 
1992;163:331–5.

	 9.	 Kugel RD. Minimally invasive, nonlaparoscopic, preperitoneal, and 
sutureless, inguinal herniorrhaphy. Am J Surg. 1999;178:298–302.

	10.	 Stranne J, Lodding P. Inguinal hernia after radical retropubic prosta-
tectomy: risk factors and prevention. Nat Rev Urol. 2011;8:267–73.

	11.	 HerniaSurge Group. International guidelines for groin hernia man-
agement. Hernia. 2018;22:1–165.

	12.	 van Veen RN, Wijsmuller AR, Vrijland WW, Hop WC, Lange JF, Jeekel 
J. Long-term follow-up of a randomized clinical trial of non-mesh ver-
sus mesh repair of primary inguinal hernia. Br J Surg. 2007;94:506–10.

	13.	 Zhao G, Gao P, Ma B, Tian J, Yang K. Open mesh techniques for in-
guinal hernia repair: a meta-analysis of randomized controlled trials. 
Ann Surg. 2009;250:35–42.

	14.	 Zhu S, Zhang H, Xie L, Chen J, Niu Y. Risk factors and prevention of 
inguinal hernia after radical prostatectomy: a systematic review and 
meta-analysis. J Urol. 2013;189:884–90.

	15.	 Fukuta F, Hisasue S, Yanase M, Kobayashi K, Miyamoto S, Kato S, 
et al. Preoperative computed tomography finding predicts for post-
operative inguinal hernia: new perspective for radical prostatecto-
my-related inguinal hernia. Urology. 2006;68:267–71.

	16.	 Watson DS, Sharp KW, Vasquez JM, Richards WO. Incidence of ingui-
nal hernias diagnosed during laparoscopy. South Med J. 1994;87:23–5.

	17.	 Kark AE, Kurzer MN, Belsham PA. Three thousand one hundred 
seventy-five primary inguinal hernia repairs: advantages of am-
bulatory open mesh repair using local anesthesia. J Am Coll Surg. 
1998;186:447–55.

	18.	 Amid PK, Shulman AG, Lichtenstein IL. Local anesthesia for inguinal 
hernia repair step-by-step procedure. Ann Surg. 1994;220:735–7.

	19.	 Young DV. Comparison of local, spinal, and general anesthesia for 
inguinal herniorrhaphy. Am J Surg. 1987;153:560–3.

	20.	 Peiper C, Töns C, Schippers E, Busch F, Schumpelick V. Local ver-
sus general anesthesia for Shouldice repair of the inguinal hernia. 
World J Surg. 1994;18:912–5.

	21.	 Behnia R, Hashemi F, Stryker SJ, Ujiki GT, Poticha SM. A comparison 
of general versus local anesthesia during inguinal herniorrhaphy. 
Surg Gynecol Obstet. 1992;174:277–80.

	22.	 Borazan M, Karalezli A, Oto S, Algan C, Aydin Akova Y. Comparison 
of a bupivacaine 0.5% and lidocaine 2% mixture with levobupiva-
caine 0.75% and ropivacaine 1% in peribulbar anaesthesia for cat-
aract surgery with phacoemulsification. Acta Ophthalmol Scand. 
2007;85:844–7.

	23.	 Mohamed AA, Radwan TA, Mohamed MM, Mohamed HA, 
Mohamed Elemady MF, Osman SH, et al. Safety and efficacy of ad-
dition of hyaluronidase to a mixture of lidocaine and bupivacaine in 
scalp nerves block in elective craniotomy operations; comparative 
study. BMC Anesthesiol. 2018;18:129.

	24.	 Constant I, Gall O, Gouyet L, Chauvin M, Murat I. Addition of clon-
idine or fentanyl to local anaesthetics prolongs the duration of 
surgical analgesia after single shot caudal block in children. Br J 
Anaesth. 1998;80:294–8.

	25.	 Oh BY, Park YA, Koo HY, Yun SH, Kim HC, Lee WY, et al. Analgesic 
efficacy of ropivacaine wound infusion after laparoscopic colorec-
tal surgery. Ann Surg Treat Res. 2016;91:202–6.

	26.	 Ventham NT, O'Neill S, Johns N, Brady RR, Fearon KC. Evaluation 
of novel local anesthetic wound infiltration techniques for postop-
erative pain following colorectal resection surgery: a meta-analysis. 
Dis Colon Rectum. 2014;57:237–50.

	27.	 Sanjay P, Woodward A. Inguinal hernia repair: local or general an-
aesthesia? Ann R Coll Surg Engl. 2007;89:497–503.

	28.	 Jensen P, Mikkelsen T, Kehlet H. Postherniorrhaphy urinary reten-
tion–effect of local, regional, and general anesthesia: a review. Reg 
Anesth Pain Med. 2002;27:612–7.

	29.	 El-Boghdadly K, Pawa A, Chin KJ. Local anesthetic systemic toxic-
ity: current perspectives. Local Reg Anesth. 2018;11:35–44.

	30.	 Svedman KJ, Coldiron B, Coleman WP, Jacob C, Lawrence N, 
Kaminer M, et al. ASDS guidelines of care for tumescent liposuc-
tion. Dermatol Surg. 2006;32:709–16.

	31.	 Klein JA, Jeske DR. Estimated maximal safe dosages of tumescent 
lidocaine. Anesth Analg. 2016;122:1350–9.

	32.	 Klein JA. Tumescent technique for regional anesthesia permits li-
docaine doses of 35 mg/kg for liposuction. J Dermatol Surg Oncol. 
1990;16:248–63.

How to cite this article: Koyama R, Maeda Y, Minagawa N, 
Shinohara T. Three-step tumescent local anesthesia 
technique for inguinal hernia repair. Ann Gastroenterol Surg. 
2021;5:119–123. https://doi.org/10.1002/ags3.12382

https://orcid.org/0000-0002-8256-6141
https://orcid.org/0000-0002-8256-6141
https://doi.org/10.1002/ags3.12382

