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 Introduction

Carpal tunnel syndrome (CTS) is the most com-
mon nerve neuropathy in the upper extremity, 
affecting approximately 5% of the general popu-
lation [1]. Characterized by compression of the 
median nerve by the transverse carpal ligament 
(TCL) at the wrist, CTS can be a fairly debilitat-
ing condition causing discomfort and/or numb-
ness in the thumb, index, long, and ring finger 
and motor weakness in the hand.

The treatment of CTS has evolved signifi-
cantly over the last century. Patients who fail 
conservative treatment with splinting, therapy, 
and corticosteroid injections often require surgi-
cal management. The first carpal tunnel release 
(CTR) was performed by Herbert Galloway in 
1924 [2]. Since then, a variety of surgical tech-
niques have been developed to release the TCL 
and decompress the underlying median nerve. 
Although the open CTR (OCTR) approach 

remains the most commonly utilized technique, 
over the last three decades, several endoscopic 
techniques, such as the two-portal endoscopic 
technique by Chow in 1989 [3], single proximal 
portal approach by Agee in 1992 [4], and single 
distal portal approach by Mirza in 1995 [5], have 
been developed and refined. In this chapter, we 
will discuss these three commonly utilized endo-
scopic CTR (ECTR) techniques and describe in 
detail the single proximal portal technique. 
Furthermore, we will discuss indications/contra-
indications, complications, and surgical out-
comes of ECTR.

 Indications/Contraindications

Indications for ECTR are generally similar to 
those for conventional OCTR (Table 13.1). Most 
idiopathic CTS can be treated using endoscopic 
techniques. However, ECTR is relatively contra-
indicated in several circumstances. While many 
argue that recurrent CTS is a relative contraindi-
cation to ECTR [6], Trumble and colleagues 
reported excellent results with endoscopic revi-
sion carpal tunnel release and emphasize poten-
tial benefits of this technique in appropriately 
selected patients [7]. Since incomplete division 
of the transverse carpal ligament is a primary 
cause of persistent CTS and may contribute to 
recurrence, one must be cognizant that the cause 
of failure of the previous surgery might be due to 
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anatomic abnormalities (e.g., compressive 
lesions) that cannot be visualized using an endo-
scopic approach. Therefore, most surgeons advo-
cate for the conventional open technique in the 
setting of recurrent CTS.

Additionally, many surgeons believe that 
ECTR should be avoided in patients with certain 
preexisting conditions, including anticoagulation 
and inflammatory conditions such as rheumatoid 
arthritis or amyloidosis. Since hemostasis is a 
concern in the setting of anticoagulation, the con-
ventional open approach is the preferred tech-
nique in order to avoid bleeding complications 
that may be better avoided by open surgical visu-
alization. ECTR in patients with inflammatory 
conditions should also be approached with cau-
tion. Patients with rheumatoid arthritis or other 
inflammatory conditions have a higher risk of 
synovial lesions or other pathology which can 
interfere with visualization of the carpal tunnel, 
or occasionally even the introduction of endo-
scopic device at the wrist. Endoscopic technique 
also precludes synovectomy, which may be nec-
essary in some of these patients. That said, ECTR 
can be performed reliably in inflammatory arthri-
tis patients whose disease is quiescent [8]. ECTR 
should also be carefully considered in patients 
with a history of trauma or hand/wrist fractures, 
since these events can perturb the bony anatomy 
of the carpal tunnel. Lastly, some argue that 
patients with severe median nerve compression 
necessitating extensive neurolysis or tenosyno-
vectomy should instead undergo conventional 

open CTR, as these adjunctive procedures cannot 
be performed via an endoscopic approach [9, 10].

 Surgical Techniques

 Positioning

In general, with any ECTR technique, the patient 
is placed supine with the arm abducted on an 
operating arm table. The surgeon is positioned on 
the medial side of the abducted arm (if right hand 
is the dominant hand) in order to facilitate the use 
of the dominant hand for maneuvering the endo-
scope, while the assistant is positioned on the 
opposite side. Some surgeons prefer to use their 
dominant hand for all cases (requiring them to sit 
on the head side of the hand table to release the 
nondominant hand), while others prefer to main-
tain their position on the axillary side of the hand 
table (and use their nondominant hand to release 
the nondominant hand of the patient).

 Anesthesia

ECTR can be performed using general, regional, 
and local anesthesia. More commonly, regional 
and local anesthesia is used, with general anes-
thesia reserved for those unable to tolerate local 
or regional blocks. Several studies have exam-
ined the efficacy and the postoperative outcomes 
with local versus regional anesthesia. While 
some studies have suggested less cost and equally 
effective intraoperative analgesia with local-only 
techniques, our experience is that injection of 
local anesthetic into the skin over the transverse 
carpal ligament creates fogging of the endoscope 
and poor visualization, requiring an unacceptably 
high rate of conversion to open procedure in 
these circumstances [11].

In our practice, we generally use local anesthe-
sia with IV sedation, and it is well tolerated. The 
distal wrist crease and proximal forearm fascia are 
infiltrated with a 1:1 solution of 1% lidocaine with 
epinephrine with 0.5% plain bupivacaine. A tourni-
quet is utilized, and it is inflated to 250 mmHg after 
local anesthesia infiltration to reduce bleeding.

Table 13.1 Indications/relative contraindications for 
endoscopic CTR

Indications Contraindications

Idiopathic CTS Recurrent CTS

Anticoagulation

Inflammatory conditions (i.e., 
rheumatoid arthritis, amyloidosis)

Severe CTSa

CTS secondary to fracture/trauma

CTS carpal tunnel syndrome, CTR carpal tunnel release
aBased on Sucher criteria [34]: unobtainable median sen-
sory response, low-amplitude median mixed nerve 
response, and low-amplitude median compound muscle 
action potential with prolonged distal latency
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 Endoscopic Approaches

Currently, there are three main distinct types of 
ECTR techniques performed (Table 13.2). The 
most commonly performed technique is the sin-
gle proximal portal technique, first described by 
Agee in 1992 [4]. This technique utilizes a pro-
prietary device (MicroAire, Charlottesville, VA) 

which is composed of a 2.7-mm 30-degree-angle 
arthroscope, a fiber-optic light source and cam-
era, and a handpiece with attached disposable 
blade cartridge into which the endoscope is 
inserted (Fig. 13.1A, B). The Chow dual-portal 
technique was introduced by James C. Y. Chow 
in 1989 [3]. Unlike the Agee technique, the Chow 
technique uses a two-port approach which cre-
ates a fixed space in which to operate. A cannula 
is fixed at the proximal and distal portals, and a 
4-mm 30-degree endoscope with an incorporated 
knife is inserted at the proximal portal, which is 
then used to incise the TCL (Fig. 13.2a, b). Lastly, 
in 1995, M. Ather Mirza described a single distal 
portal approach which utilizes a 1.5-cm longitu-
dinal palmar incision along the thenar crease, a 
standard 4-mm 30-degree endoscope, and a 
knife/sleeve device which is used to divide the 
TCL and decompress the carpal canal [5]. The 

Table 13.2 Three endoscopic CTR approaches

Technique
Year of 
development Description

Agee 1992 Single proximal portal 
approach

Chow 1989 Two-port approach

Mirza 1995 Single-distal port 
approach

CTR carpal tunnel release

Fig. 13.1 The original 
description of the single 
proximal portal 
technique by Agee. (A) 
Schematic of the relative 
position of the 
endoscopic device 
relative to the distal edge 
of the TCL (a), ulnar 
limit of the median 
nerve (b), and proximal 
limit of the superficial 
palmar arch (c). (B) The 
device is inserted 
parallel to the plane of 
the palm and forearm
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single distal portal approach can also be done 
using the MicroAire device (Fig. 13.3a–c) [12].

The Single Proximal Portal Technique
The senior author has extensive experience 

with the single proximal portal technique so a 
brief description of the operative technique is 
provided below:

 1. Incision, Exposure, Insertion
A 1–2-cm transverse incision is made at 

the proximal flexor wrist crease ulnar to the 
palmaris longus. Careful dissection is per-
formed down to the antebrachial fascia using 

skin hooks for exposure (Fig. 13.4). The fas-
cia is incised by creating a distal ulnarly based 
L-shaped flap. The distal antebrachial fas-
cia proximal to the incision just made is 
divided under direct vision with scissors. 
Means and colleagues demonstrated that pres-
sure on the median nerve can remain elevated 
even after release of the TCL if the antebrach-
ial fascia is intact [13]. For this reason, we 
always include division of the distal ante-
brachial fascia as part of ECTR. The maneu-
ver takes less than a minute to perform and 
does not add additional cost to the procedure.

Fig. 13.2 The Chow two-portal technique. (a) Schematic of the cannula position relative to the volar wrist structures. 
(b) The hand positioned on the wrist extension platform with the cannula inserted
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 2. Retinaculum Incision
A synovial elevator is passed distally sev-

eral times along the axis of the fourth ray to 
elevate the synovium off of the transverse car-
pal ligament (TCL) deep surface (Fig. 13.5a, 

b). The endoscopic device is then inserted into 
the carpal canal (Fig. 13.6). With the TCL dis-
tal edge in full view on the endoscope monitor 
(Fig. 13.7), the TCL is divided from the distal 
to proximal edge using the device blade. If 

Fig. 13.3 The single distal portal technique. (a) The inci-
sion is placed at the intersection of Kaplan’s cardinal line 
and the fourth ray. (b) Schematic of the location of the 

endoscope passage relative to the superficial palmar arch 
and the ulnar limit of the median nerve. (c) The endoscope 
is inserted into the carpal tunnel
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there are any issues with visibility of the TCL, 
the surgical approach is then converted to an 
open procedure.

 3. Assessment of Release
Next, to ensure adequate release of the 

TCL, the device is reinserted and the TCL is 
visualized from its most distal edge to its most 
proximal edge for any fibers that may be teth-
ered to the cut edges of the retinaculum. The 
presence of these fibers indicates that an 
incomplete division should be suspected. 
Using the device blade, the undivided TCL 
fibers are divided to ensure complete release, 
with careful attention to the location of the 
median nerve to avoid transection/injury 
(Fig. 13.8).

 4. Closure
The skin is closed with interrupted nylon 

sutures or a resorbable subcuticular suture. Prior 
evidence suggests that there is no difference in 
pain reduction or long-term cosmetic outcome 
with either skin closure technique [14].

 Postoperative Care

Traditionally, carpal tunnel release patients were 
managed postoperatively with immobilization 
for 1–3 weeks. However, several lower-level evi-
dence studies have demonstrated that splinting 
may actually slow the postoperative recovery 

process [15]. Therefore, most surgeons now 
place the hand in a large bulky hand dressing for 
only 1–3 days postoperatively to avoid bleeding 
in the carpal tunnel. ECTR patients are also 
encouraged to begin using the hand immediately 
after surgery. While some studies have found bet-
ter surgical outcomes in terms of grip and pinch 
strength, subjective symptom measures, and 
functional status with immediate hand therapy 
[16, 17], other studies have identified this same 
benefit by simply allowing the patient to begin 
moving and light use of the hand immediately 
after surgery [18].

 Complications

Overall, ECTR is a safe procedure. A limited 
number of high-level studies have explored com-
plications following ECTR. Most reported com-
plication rates range from 0 to 5% [19, 20]. 
During the early development stages of the endo-
scopic technique, the experience was plagued 
with several complications [21]. However, blade 
redesign, modifications to insertion techniques, 
and increasing surgeon experience have dramati-
cally decreased the frequency of complications.

The most feared complication is transection or 
trauma to the median nerve. Although transection 
of the median nerve is very rare [22], some 
research has found higher rates of transient (non-
permanent) median nerve injury after endoscopic 
surgery compared to open [23]. In order to mini-
mize the risk of nerve transection or neuropraxia, 
surgeons must be aware of the various anatomical 
variations arising from the ulnar aspect of the 
median nerve which place the nerve at risk for 
iatrogenic injury.

Another feared complication after ECTR is 
bleeding. As with any surgical procedure, post-
operative bleeding can occur due to inadequate 
hemostasis, resulting in swelling of the hand and 
an increased risk of infection. To minimize this 
risk, we use a bulky, soft compressive bandage 
for the first 24–48 h postoperatively which helps 
tamponade any bleeding from the wound.

To minimize any complications following 
ECTR, surgeons must have a low threshold for 

Fig. 13.4 The distal antebrachial fascia is exposed via a 
transverse incision of a volar crease immediately proxi-
mal to the volar wrist crease

S.D. Lifchez and J. Lopez



145

converting to an OCTR. Visibility is extremely 
important in ECTR, and if visibility is compro-
mised, risk for nerve injury is increased. Thus, if 
bleeding minimizes visualization of the nerve, or 

if the surgeons experience significant resistance 
during the introduction of the endoscope (likely 
secondary to anatomical variations or synovial 
adhesions) [24], conversion to an OCTR is highly 
recommended.

In summary, ECTR is a generally safe proce-
dure. Chow et al. published their 13-year experi-
ence with their technique and reported a 1.1% 
overall complication rate [25]. In another series 
with 14,722 patients, Hankins et al. reported only 
one nerve injury and a low conversion rate to 
OCTR (0.07%) [26]. Overall, when comparing 
open and endoscopic CTR, complication rates 
seem to be very low and similar for both proce-
dures [27].

Fig. 13.5 A synovial elevator is used to free the synovium within the carpal tunnel from the deep surface of the TCL

Fig. 13.6 The endoscopic device is inserted into the car-
pal tunnel parallel to the plane of the TCL

Fig. 13.7 The distal end of the TCL is identified on the 
monitor as the junction of the white transverse fibers of the 
TCL and the more yellow fat of the palm just distal to it

Fig. 13.8 The radial-sided cut edge of the TCL is visual-
ized, confirming adequate release. Gentle supination of 
the endoscope (with the blade retracted) allows visualiza-
tion of the median nerve to confirm it has not been injured
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 Outcomes

Over the last two decades, numerous studies have 
explored surgical outcomes after ECTR. Several 
of these studies have compared open versus 
endoscopic CTR on postoperative recovery. 
Multiple studies have shown that endoscopic and 
conventional open techniques have equivalent 
long-term functional outcomes [28, 29]. Trumble 
et al. performed a randomized, double-blinded 
multicenter trial comparing open versus single 
proximal portal ECTR and showed statistically 
significant improvement in pain and hand 
strength in the ECTR group when compared to 
the open group at 6 weeks and 3 months. 
However, long-term hand pain and strength at 1 
year were found to be equivalent [30]. Similarly, 
Macdermid et al. found significantly better grip 
strength and pain control at 1 and 6 weeks, but 
these differences dissipated by 12 weeks [31]. 
Conversely, several studies have found similar 
short-term and long-term postoperative outcomes 
after ECTR and OCTR. A recent Cochrane 
Review summarized the current literature on sur-
gical outcomes after ECTR and concluded that 
ECTR may “enable patients to return to work or 
daily activities sooner” but may not “offer better 
relief from symptoms in the short- and long-term 
compared to OCTR” [32]. Overall, the current 
evidence suggests that long-term relief of neuro-
pathic symptoms, improvement in functional sta-
tus, and subjective patient satisfaction are similar 
between ECTR and OCTR.

 Conclusion

ECTR is becoming increasingly prevalent in the 
surgical treatment of CTS. Although initial 
reports described higher complications rates, the 
endoscopic techniques have been refined and 
have yielded improved surgical outcomes. Unlike 
other areas in hand surgery, several high-level 
studies have been published assessing the effi-
cacy of ECTR. These studies, although still lim-
ited due to unstandardized outcome metrics, 
provide evidence that ECTR is a safe technique 
with excellent results, including that patients 

may recover faster and/or with less pain from this 
technique. Furthermore, studies have gone on to 
demonstrate that ECTR is a cost-effective proce-
dure [33]. With increasing experience, we antici-
pate that ECTR will continue to increase in 
prevalence in the surgical treatment of CTS.
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