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Endoscopic carpal tunnel release is increasingly performed to treat median nerve entrapment neuropathy
at the transverse carpal ligament. Proponents of these procedures claim that there are early postoperative
advantages to be gained by the patient in the form of decreased pain and weakness, thus facilitating an
earlier return to function. However, serious complications associated with the use of these techniques
have been reported, especially during the surgeon's purported initial steep learning curve. A prospective
analysis of the authors' first 51 cases using a two-portal endoscopic technique was conducted to
determine whether these learning curve complications occurred. The authors did experience a learning
curve; however, it was not significant. They encountered no serious complications and patient
satisfaction was very high. It is concluded that the procedure is relatively easy to learn and safe to
perform.
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Carpal tunnel syndrome (CTS) is the most common type of compression neuropathy found in the upper
extremities, affecting approximately 1% of the general population, with an estimated cumulative lifetime
incidence nearing 10%.[31] An estimated 400,000 to 500,000 carpal tunnel release (CTR) operations are
performed annually in the United States.[24] Neurosurgeons perform a significant minority of these
procedures; the majority are performed by orthopedic hand and plastic surgeons. Increasing interest in
minimally invasive surgical techniques led to the introduction of endoscopic CTR (ECTR) surgery.
These techniques have been reported to decrease the postoperative morbidity associated with a standard
open procedure, and thus allow the patient to return to work and activities of daily life in a shorter period
of time.[1,2,11,12,30] Patient satisfaction is high because of decreased postoperative pain and weakness
and the facile healing of the small cosmetic incisions.

There has been much controversy in the literature regarding ECTR operations. Serious complications
were reported to have occurred during the early experience with the procedures. The original endoscopic
techniques have since been modified, decreasing the overall complication rates. Purportedly, there is still
a steep learning curve in mastering the techniques, during which time serious complications are said to
be more likely to occur.

Based on recent reports of patients' earlier return to function and satisfactory long-term outcomes derived
from the surgeon's use of a two-portal ECTR technique,[5,7,10,12,21] we decided to offer the procedure
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at our institution. A prospective database had been initiated at the Naval Medical Center at Portsmouth to
determine surgical outcomes and analyze complication rates for a variety of neurosurgical procedures.
This database was expanded to include surgeries performed for ECTR so that we might evaluate our
early experience. We report a series of our first 43 patients in whom we performed surgery on 51 hands
by using the two-portal technique, as described by Brown, et al.[6]

CLINICAL MATERIAL AND METHODS

Patient Population

The analysis of our prospectively developed database revealed that the majority of the patients were
active duty military members, although there were also some retirees and dependents of military
personnel. Patient demographics, provided in Table 1, reflect this distribution. All patients were
diagnosed based on classic symptoms and signs of CTS. Symptoms included a combination of tingling
and numbness in the distribution of the median nerve, nocturnal paresthesias, wrist and hand pain with
radiation into the forearm and elbow, and hand weakness. Signs variably included a positive Phalen's
test, Tinel's sign, sensory deficits, and weakness. Electrodiagnostic studies were performed on 39 hands
(76%) and proved to be positive in 38. A minimum 12-week course of conservative treatment failed in all
patients, including night splints, nonsteroidal antiinflammatory agents, and reduction of repetitive
activities. A trial of steroid injections failed in 18 patients. Systemic disorders were stabilized before
surgery was considered.

Surgical Technique

Between October 1995 and March 1997, 51 hands belonging to 43 patients with CTS were surgically
treated using the two-portal technique described by Brown, et al.[6] (The Endotrac System; Instratek
Inc., Houston, TX). A 1-cm incision was marked 1 to 2 cm proximal to the distal wrist crease, in the
volar midline, ulnar to the palmaris longus tendon. A second incision site was marked 3 and 4 cm distal
to the distal wrist crease on the palm, in line with the third web space. The proximal incision was made
and the underlying fascia was bluntly spread open by means of Metzenbaum scissors. The transverse
carpal ligament (TCL) was gently undermined by means of a synovial elevator. An obturator and cannula
assembly was inserted under the TCL and could be palpated at the distal edge of the ligament. A small
incision was made over the obturator and the assembly was passed through the palmar skin, undermining
the TCL. The obturator was removed, leaving the slotted cannula in place. The endoscope was passed
into the distal portal of the cannula and, under endoscopic vision, a hook blade was used to cut the TCL
with a distal to proximal stroke. The choice of anesthesia used depended on the preference of both
surgeon and patient (Table 2). After exanguinating the arm, the procedure was performed under
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tourniquet control, independent of the choice of anesthesia. One surgeon had received prior formal
training in two-portal ECTR surgery, including didactic instruction and cadaver dissection, and had
performed approximately 20 procedures during residency training. The remaining three surgeons read a
description of the technique, watched a 13-minute instructional video, and assisted the experienced
surgeon with at least one procedure. Before performing an ECTR surgery independently, each surgeon
was proctored during one procedure by the more experienced surgeon. The technique was meticulously
followed. Two ECTR surgeries were converted to open procedures because of the lack of adequate
visualization of the TCL.

Postoperative Care and Assessment

A bulky dressing was applied to the surgically treated hand intraoperatively and removed the next day.
Each patient was given instructions on wound care. The incision was kept clean and dry until the sutures
were removed on postoperative Day 7. Patients were then instructed to increase hand usage gradually, as
tolerated. Initial follow-up care consisted of a wound check at the time of suture removal. Routine follow
up continued for between 4 and 6 weeks postoperatively and then as needed. Follow-up care was
discontinued when the patient experienced complete or near-complete relief of symptoms and had
returned to work or full activity. The follow-up period ranged from 6 to 52 weeks, with an average of 15
weeks. Persistent neurological deficits were defined as any continued numbness, weakness, or
dysesthesias beyond 6 weeks postsurgery. Pillar pain was defined as any postoperative proximal palmar
pain or tenderness lasting longer than 6 weeks postsurgery. Return to work and/or activities of daily
living was defined as the ability to return to full premorbid activity. Patient satisfaction was assessed
based on the patient's report of complete or near-complete relief of preoperative symptoms and
satisfaction with the cosmetic appearance of the incisions.

RESULTS

In this series, indicators of successful surgery were based on relief of symptoms, return of neurological
function, absence of pillar pain, return to work or normal activity, absence of iatrogenic symptoms, and
complete patient satisfaction. Complete relief and full return of neurological function were obtained in 27
(55%) of 49 hands. There were persistent neurological deficits, although marked improvement compared
with their preoperative status, in 18 (37%) of 49 hands. The persistent deficits were generally slight
numbness or weakness in a median nerve distribution. There was no improvement of symptoms in five
(10%) of 49 hands; an open procedure was performed in three (6%) of these, with subsequent resolution
of symptoms. One patient (2%) experienced relief of preoperative symptoms but suffered new mild
intermittent paresthesias in the second and third web space. In 14 (30%) of the 46 hands in which ECTR
surgery was performed, excluding those in which an open surgery was subsequently performed, pillar
pain persisted beyond the 6th postoperative week. In the majority of these cases this pain improved with
time. Thirty-seven (90%) of 41 patients returned to work or baseline activity; this included all but four
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active duty military members. Patients were satisfied with ECTR surgery in 43 (88%) of 49 hands. There
were no major neurovascular complications or infections. Two (4%) of 51 ECTR procedures were
converted to open CTR (OCTR) surgeries. The results, based on the last clinical evaluation, are
summarized in Table 3.

DISCUSSION

History of the Syndrome

Carpal tunnel syndrome was first recognized by Sir James Paget in 1853. The first reported surgical
release was performed by Learmonth in 1933.[18] Phalen[2527] further clarified the clinical syndrome
and treatment course through a series of publications starting in the 1950s. The pathophysiological
mechanism of the syndrome most likely results from compression of the median nerve within the canal,
with subsequent localized ischemia of the perineural vessels. Carpal tunnel syndrome is idiopathic in
many cases. Conditions predisposing to CTS (hypothyroidism, pyridoxine deficiency, diabetes mellitus,
pregnancy, rheumatoid arthritis, acromegaly, and renal dialysis) increase the intrinsic pressure within the
canal through edema or thickening of the soft tissues.

Anatomy of the Carpal Tunnel

The carpal tunnel is an unyielding small channel in the wrist, bordered on three sides by bone, with the
hook of the hamate bone located medially and the trapezium bone located radially. The TCL creates the
volar aspect of the tunnel. The triangular tunnel is approximately 5 cm long, with its apex directed
radially. The ulnar portion of the ligament becomes the floor of the adjacent Guyon's canal, which houses
the ulnar artery and nerve. The carpal canal contains the median nerve and all nine flexor tendons of the
fingers and thumb. The nerve occupies the most radial aspect of the canal. The palmar cutaneous branch
of the median nerve exits the nerve in the distal third of the forearm, approximately 8 cm proximal to the
wrist crease, and continues radial to the palmaris longus tendon. It pierces the TCL to innervate the skin
of the thenar eminence. The motor branch has a variable course, but most commonly exits the median
nerve at the distal edge of the TCL, over which it turns proximally to innervate the thenar muscles. It also
commonly exits the main branch while still underneath the TCL, where it then either swings over the
distal TCL or pierces it directly. The superficial palmar arch extends approximately 2 to 26 mm distally
to the distal edge of the TCL. A communicating branch between the median and ulnar nerve is
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commonly present between the superficial palmar arch and the TCL and supplies sensation to the long or
ring fingers.

Open Techniques

Since its description in 1933, the standard treatment for patients with typical symptoms of idiopathic
CTS refractory to conservative management has been an OCTR procedure. The most commonly used
incision is that described by Taleisnik.[32] A longitudinal incision is made and the entire TCL is divided
under direct vision. The procedure requires incising the overlying palmar skin, the subcutaneous fat and
palmar fascia, the aponeurosis of the thenar and hypothenar muscles, and the palmaris brevis muscle.
This has been associated with hypertrophic sensitive scarring, palmar cutaneous neuroma formation,
pillar pain, stiffness, bowing of the flexor tendons, and decreased grip strength, which can delay healing
and increase the time to functional recovery. The reported complication rate varies from 1 to
15%;[9,17,19,22] however, OCTR surgery has repeatedly produced good results in the majority of cases,
with little risk of major nerve injury.

To avoid the potential morbidity associated with a relatively large incision, techniques utilizing small
incisions have been devised. A transverse incision at the wrist crease eliminates scarring across the wrist,
but the TCL must be cut blindly. In a mini-incision technique, a 1.5- to 2-cm incision is made in the
mid-palm directly over the distal TCL; the distal ligament is cut under direct vision and the proximal
ligament is cut under limited vision (S Harlin, et al: unpublished data).[4] More recently a twin-incision
technique[3] has been described in which a mid-palm incision, in conjunction with a transverse proximal
wrist incision, is used to cut the TCL under both direct and limited vision.

Endoscopic Techniques

Since the advent of minimally invasive techniques, several ECTR procedures have been developed. In
1989 Okutsu, et al.,[23] reported a single-portal technique, and Chow[8] introduced a two-portal
technique. These were followed by the single-portal technique introduced in 1990 by Agee, et al.[1]
Additional techniques have since been devised and they fall into two categories: single-portal methods as
described by Okutsu, et al., Agee, et al., Menon,[20] and Mirza and King,[21] and a two-portal method
described by Chow, with modifications by Resnick and Miller[28] and Brown, et al.[6] In the United
States most surgeons use the single-portal technique described by Agee and colleagues or a variation of
the two-portal technique reported by Chow. The indications for ECTR are the same as for OCTR.
Contraindications include a prior CTR procedure or surgery near the site, inflammatory arthropathy,
proliferative synovitis, limited wrist extension, altered carpal anatomy, or suspicion of a space-occupying
lesion.

Proponents of ECTR claim that by cutting only the TCL the patient experiences decreased postoperative
pain and weakness and an earlier return to function; however, serious complications associated with
ECTR have been reported. There have been median and ulnar nerve lacerations, transection of flexor
tendons, injury to the superficial palmar arch, injury to digital nerves, and injury to the communicating
branch between the ulnar and median nerves. Most of these complications are associated with early
experience using the techniques of Agee, et al.,[1] and Chow[8]. Since the introduction of these
techniques, Agee and coworkers have modified the instrumentation and Chow has modified his
approach, each with decreased complication rates. There is still concern about serious complications that
can occur during the early learning experience.
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Controversy

Endoscopic carpal tunnel release has been one of the most controversial topics in hand surgery. Several
prospective studies support the claim that ECTR produces less immediate postoperative pain, improved
grip strength, and an earlier return to work when compared to open release.[1,2,11,12,30] These
advantages are seen in the early postoperative period only. The long-term results for both procedures are
similar. The time to return to work was increased in both the ECTR and OCTR groups for patients
receiving Workers' Compensation. In studies using the modified Agee or Chow technique, the
complication rate was comparable to that of open release. In a cumulative review of 17,000 ECTR cases,
the complication rate was 1.8%.[22] Based on these studies, advocates claim that the procedures are safe
and produce predictably good results when performed by a surgeon trained in the technique. They
reinforce the concept of a steep learning curve and strongly recommend cadaver training as a prerequisite
to performing the technique in patients.

Critics of ECTR note that the open procedure is well established, with a record of consistently good
outcomes and rare serious complications. The advantages to the patient of decreased postoperative pain
and less grip weakness after undergoing ECTR are short-lived. Several studies have shown no significant
difference in the time to return to work.[11,13,14,15] The most disturbing fact for those cautious about
ECTR is the record of serious complications. This is partially attributed to the decreased visualization
provided by endoscopy of the intricate and variable anatomy of the canal. Serious complications were
particularly problematic when using the initial Agee and Chow techniques. Although more recent results
based on modified endoscopic surgery have shown the complication rates to be similar to those of open
release, the nature of the complications has been more serious. Another concern is the perceived
difficulty of the techniques and steep learning curve. In a cadaver dissection training session there was a
17% complication rate and a 38% incomplete TCL release.[29] In a review of 10,624 cases treated by
ECTR, there was a complication rate of 5.6% when the surgeon had performed fewer than 25 surgeries
and 1% for surgeons who had performed more than 100 (MM Malek, et al: unpublished data).

Our Results

Our department consists of four neurosurgeons in a major military hospital with a case load that parallels
a community hospital. Each surgeon was considered to be in the steep part of the learning curve, as no
one had performed more than 25 ECTR surgeries. The distribution of cases is given in Table 4.

Two ECTR surgeries were converted to open procedures when the TCL could not be adequately
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visualized. This is in accord with the guidelines for any endoscopic technique. The ligament must be
clearly visualized before ligation is attempted. Because the endoscopic technique had to be aborted in
these patients, they were not included in the analysis of neurological outcome, pillar pain, return to work,
or patient satisfaction.

Eighty-five percent of our patients experienced complete relief of, or significant improvement in, their
symptoms. Patients had a very positive response to the procedure. Eight patients returned for ECTR
surgery on their other symptomatic hand.

Four patients (five hands) had no relief of their symptoms. Two of these patients (three hands)
subsequently underwent OCTR. Residual intact distal ligament was released during open surgery and the
patients enjoyed almost complete resolution of their symptoms. Incomplete release of the distal TCL has
been described as a potential complication of ECTR during the surgeon's learning curve. There was a
high rate of incomplete release (38%) during cadaver training of surgeons who were new to the
technique.[29]

The two remaining patients who did not experience relief of symptoms are being followed. One patient
has litigation pending for a postoperative motor vehicle accident, which resulted in recurrent hand
symptoms. The other patient is in the process of a medical discharge from the military for multiple
medical conditions; his future monetary and medical benefits are determined by his current physical
condition. We are unclear whether these complications reflect surgical failure or are an issue of
secondary gain.

One patient developed mild intermittent burning dysesthesias in the second and third web space. This is
likely secondary to a minor iatrogenic injury to a common digital nerve or a communicating branch
between the ulnar and median nerves. This branch is present in 80 to 90% of patients and lies near the
distal edge of the TCL. This patient will be followed to monitor the long-term results. There were no
major neurovascular complications.

Proponents of ECTR claim that patients receiving such surgery return to work more rapidly, although
this has been disputed. In all studies, those patients receiving Workers' Compensation returned to work
much later than their counterparts, irrespective of the surgical technique used.[16,22] We did not
measure the time to return to work; however, at an average follow-up time of 15 weeks, 37 (90%) of our
41 patients have either returned to work or to their normal activities, regardless of residual or new
symptoms. Four active duty military members have not returned to work. We considered all of our active
duty patients to be receiving Workers' Compensation; each receives full pay and benefits for an indefinite
period of time while disabled. One patient had excellent results from her surgery, but will not be
returning to work because of concommitant medical problems for which she is being medically
discharged. The other three patients were not satisfied with the results of their surgery. One patient
remains on active duty in a limited work capacity; he has litigation pending from a motor vehicle
accident. The remaining two patients have symptoms of diffuse myofascial pain and are awaiting
decisions regarding disability benefits for medical discharge.

Since initiating ECTR procedures in our department, referrals for evaluation for surgical treatment of
CTS have more than doubled. Both patient and surgeon satisfaction with ECTR is very high. We now
reserve OCTR for those patients in whom ECTR is contraindicated.

CONCLUSIONS

Unauthenticated | Downloaded 05/23/23 11:01 PM UTC



In our experience, the two-portal technique of Brown and coworkers[5] appears to be a safe and reliable
method of ECTR when the procedure is meticulously followed. There is a learning curve with this
procedure, which was reflected by incomplete release of the TCL in three cases and one mild
neuropraxic injury. However, we found the procedure easy to learn and perform. We have had high
patient satisfaction and no serious complications. We will continue to monitor our results as our
experience grows.

DISCLAIMER

The views expressed in this article are those of the authors and do not reflect the official policy of the
Department of the Navy, U.S. Department of Defense, or the U.S. Government.
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