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Nontuberculous Mycobacterial Tenosynovitis
of the Hand: A 10-Year Experience at Two Centers
in South Korea
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Background: The aim of this study was to investigate the clinical characteristics of nontuberculous mycobacterial tenosynovitis
and to report the process of diagnosis and the outcomes of surgical debridement and drug administration in South Korea.
Methods: Between 2010 and 2019, 23 patients (10 men and 13 women) with nontuberculous tenosynovitis of the hand were treat-
ed at two centers. Their average age was 64 years, and the average duration of symptoms was 8 months (range, 1-36 months).
Eight patients had a history of trauma or surgery. The average number of corticosteroid injections before diagnosis was 2.6 for 7
patients. All 23 patients were treated with a combination of extensive tenosynovectomy and antibiotics.

Results: Of the 23 patients, 20 were available for the final follow-up (1, lost to follow-up; 1, transferred to another hospital; and 1,
died from a comorbidity). The most common species was Mycobacterium intracellulare (70%), followed by Mycobacterium absces-
sus (10%). The frequency of involvement of the extensor/flexor tendon was similar to that of the wrist/finger. The mean number of
surgical debridement operations was 2.2. The average duration of antibiotic administration was 9.8 months. At the last follow-up,
3 patients were symptom-free with full range of motion at the involved site, 1 patient complained of localized swelling or pain with
full range of motion, 1 patient was found to have a recurrence of infection in a finger, and 15 complained of restricted joint motion.
Conclusions: The most common species noted in patients with nontuberculous mycobacterial tenosynovitis was M. intracellulare.
Patients with only 1 finger involved showed good range of mation at the final follow-up. Most patients experienced delayed wound
healing and adverse effects from drug therapy during treatment and limited joint motion at the final follow-up.
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Tenosynovitis of the hand caused by nontuberculous my-
cobacteria (NTM) is a relatively rare chronic disease with
slow progression."” Its clinical manifestations are variable,
ranging from painful swelling to carpal tunnel syndrome.
Therefore, tenosynovitis caused by NTM can be difficult
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to distinguish from rheumatoid arthritis or other more
common diseases, resulting in delayed diagnosis.”” Diag-
nosis of NTM tenosynovitis is achieved through a tissue
culture of the affected site.*” Treatments include medica-
tion alone or combined with surgery. Unfortunately, the
clinical prognosis of the disease is poor. For these reasons,
it is important to recognize and treat NTM tenosynovitis
as early as possible.”” The culture process for NTM is
complicated, and the time required to confirm the specific
bacterium depends on the hospital and its processes.”
Even after surgery, patients often have ongoing pain, prob-
lems with wound healing, swelling, and activity limitations
that can interfere with their continued compliance with

Copyright © 2023 by The Korean Orthopaedic Association
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinics in Orthopedic Surgery ® pISSN 2005-291X  eISSN 2005-4408


mailto:jsparkler1@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.4055/cios22248&domain=pdf&date_stamp=2023-06-01

478

Kim et al. Nontuberculous Mycobacterial Tenosynovitis of the Hand

Clinics in Orthopedic Surgery * Vol. 15, No. 3, 2023 « www.ecios.org

treatment.”

NTM tenosynovitis of the hand takes time to satis-
factorily respond to treatment, and much depends on the
clinician’s experience. Because bacterial strains vary by re-
gion, drug selection also differs by location. In this study,
we retrospectively reviewed patients diagnosed with NTM
tenosynovitis of the hand at two centers in South Korea to
discuss their characteristics, treatment process, and out-
comes of atypical mycobacterial infections that manifested
as tenosynovitis of the hand.

METHODS

Data for 23 patients who were treated at two centers
(Gyeongsang National University Hospital and Samsung
Changwon Hospital) for tenosynovitis of the hand caused
by culture-proven NTM infection between March 2010
and March 2019 were analyzed retrospectively. This study
was approved by the Institutional Review Board Com-
mittees of the Medical Research Institute of Gyeongsang
National University Hospital (No. GNUH 2020-07-007)
and Samsung Changwon Hospital, Sungkyunkwan Uni-
versity School of Medicine (No. SCMC 2020-12-001). The
requirement for informed consent was waived owing to
the retrospective nature of the study. The study population
contained 10 men and 13 women, who had a mean age of
64 years (range, 30-84 years) at the time of their initial vis-
its. The mean duration of the disease at the time of the first
visit was 8.5 months. The patients were interviewed for
their history of trauma, corticosteroid injections, or any
occupation or hobbies associated with water exposure (in-
cluding the sea, aquariums, or soil), according to the de-
fined risk factors of NTM infection.*”” Radiographs were
obtained for all patients. Some patients also underwent
preoperative ultrasound or magnetic resonance imaging
(MRI). We evaluated the following laboratory findings
obtained during their initial visits to our hospitals: white
blood cell count, serum erythrocyte sedimentation rate,
C-reactive protein, and rheumatoid factor concentrations.
The detailed demographic characteristics of the patients
are summarized in Table 1.

The treatment protocol comprised extensive de-
bridement, including removal of the synovial membrane,
and the administration of antimycobacterial drugs. Pro-
liferative tendon synovitis was excised, and tenolysis was
performed. Carpal tunnel decompression was performed
simultaneously when there was extensive infection of the
flexor tendon from the hand to the wrist. Tissue samples
showing signs of inflammation or infection during sur-
gery were examined microbiologically and histologically.

Hematoxylin and eosin staining and fungal staining were
performed to identify the microbial strain. Auramine-rho-
damine fluorochrome (AFB) staining was performed for
fluorescence microscopy to detect Mycobacterium tuber-
culosis. For the histopathological examinations, formalin-
fixed tissue was embedded in paraffin and stained with
hematoxylin and eosin for the initial diagnosis.

For the microbiological assessment, aerobic, an-
aerobic, bacterial, and fungal cultures were prepared using
surgically excised tissue. Mycobacteria were cultured in
Mycobacteria Growth Indicator Tube medium (Becton
Dickinson) and 3% Ogawa medium (Asan Pharmaceu-
tical) at 36 °C. In hospital A, 19 types of mycobacteria,
including M. tuberculosis, were detected using the Reverse
Blot Hybridization Assay with MolecuTech REBA Myco-
ID (Youngdong Pharmaceutical) in media. In hospital B,
data were obtained from the Korean Institute of Tubercu-
losis (Osong) because no internal mycobacteria identifica-
tion test was available until 2018. Both centers hired an
external institution to conduct drug susceptibility tests.
Once the pathogen was confirmed to be NTM, we initiat-
ed antimycobacterial drug administration in consultation
with the department of infectious diseases. However, for 13
patients clinically suspected of NTM by a physician based
on their medical history, physical examination, biopsy, AFB
staining, or a polymerase chain reaction (PCR) test, empiri-
cal anti-tuberculosis drug combination therapy was initiated
(in consultation with the department of infectious diseases)
before the results of the NTM culture were obtained. For
those patients, empirical administration was initiated by
selecting anti-tuberculosis drugs, such as HREZ (isoniazid,
ethambutol, rifampin, pyrazinamide), clarithromycin, and
amikacin before confirming the species of NTM.

Antituberculosis drug therapy for NTM was main-
tained until 3 months after clinical symptoms disappeared.
For patients whose clinical symptoms did not disappear
over 3 months or complained of severe adverse effects, we
considered a change of drug regimen. In some cases, we
took an MRI in the middle of treatment and compared the
size of the lesion with that in previous MRI. If the drug
regimen was changed, the drug treatment was prolonged
beyond 3 months. After combination therapy, patients
were followed for at least 6 months to check for recurrenc-
es. The clinical results, such as range of motion, recurrence
of infection, and complications, were recorded at the final
follow-up. If patients had no restrictions in the movement
of the affected joints, range of motion was classified as
excellent; if the total range of motion was more than 50%,
it was classified as good, and if it was less than 50%, it was
classified as poor.
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RESULTS

The most common symptoms were swelling and pain in the
affected hand. The affected area was the flexor tendon in 14
patients and the extensor tendon in 9. A finger was affected
in 13 cases, 9 of which showed tenosynovitis of the flexor
tendon. The wrist was affected in 10 cases, 7 of which showed
tenosynovitis of the extensor tendon (Table 2). Two patients
experienced rupture of the extensor tendon before surgery.
Three patients had a history of trauma to the affected area, 4
underwent surgery within 6 months before their initial hos-
pital visit, and 1 underwent acupuncture treatment. Seven
of the 21 patients received a mean of 2.6 local corticosteroid
injections before visiting a study hospital.

Diagnosis of infection was confirmed by clinical ex-
amination and bacterial culture of tissue from the tendon
sheath. In 2 cases, we had to perform a second histological
examination because no bacterial growth was detected
despite a high likelihood of NTM infection. Positive NTM
results were obtained with AFB staining in 8 patients and
with PCR in 6 patients. All patients underwent extensive
tenosynovectomy and biopsy, though the results of 2 biop-

Table 2. Clinical and Laboratory Characteristics of 23 Patients

Factor Value

Male: female (case) 10:13
Mean age (yr) 64
Infected site (right : left) (case) 13:10
Involved site

Extensor : flexor 10:13

Finger : wrist 13:10
Average duration of symptom (mo) 8
Trauma history (case) 3
Operation history (case) 4
Steroid injection history (case) 7(2.6 times)
Wound closure duration (wk) 7.02
Average number of surgical procedures 2.2
Laboratory finding (average)

WBC count (x 10%/uL) 7.4

CRP level (mg/L) 12.5

ESR (mm/hr) 304

sies were misplaced. Histological examination confirmed
chronic granulomatous inflammation with necrosis in 5
patients and chronic granulomatous inflammation with
caseous necrosis in 12. The remaining patients showed
nonspecific chronic granulomatous inflammation. The
results of the cultures revealed that Mycobacterium intra-
cellulare infection was the most common (15 patients),
followed by Mycobacterium abscessus infection (2 patients)
(Table 3). Mixed infections caused by several microbes
were observed in 5 patients (19.5%). The organisms
involved in these mixed infections included Candida,
methicillin-resistant coagulase-negative staphylococci,
methicillin-resistant Staphylococcus aureus, and methicil-
lin-sensitive S. aureus (Table 3). After the NTM-positive
culture and susceptibility results became available, triple
combination therapy (rifampin, clarithromycin, and eth-
ambutol or streptomycin) or another corresponding ther-
apy (azithromycin or amikacin) was administered after
consultation with the department of infectious diseases.
The mean number of surgeries performed per pa-
tient, including the initial surgery performed at the 2 cen-
ters, was 2.2 (range, 1-8). The mean duration of treatment
was 9.8 months (range, 2-24 months). The most common
side effect of the medication involved the gastrointestinal
system in 6 patients, followed by ethambutol-induced

Table 3. Microbiological Characteristics of 21 Patients

Characteristic Number
Mycobacterium species
M. intracellulare 15
M. abscessus 2
M. marinum, M. ulcerans 1
M. massiliense 1
M. szulgai 1
M. gordonae 1
M. kansasii 1
Unclassified 1
Coinfection
Candida 1
MRCNS 1
Staphylococcus aureus 1
MRSA 2

WBC: white blood cell, CRP: C-reactive protein, ESR: erythrocyte sedi-
mentation rate.

MRCNS: methicillin-resistant coagulase negative staphylococcus, MRSA:
methicillin-resistant Staphylococcus aureus.
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optic neuritis in 3, and retinopathy in 1. In 4 other pa-
tients, hematopoietic disorders, such as leukopenia, were
observed. One patient complained of hearing loss induced
by amikacin (Fig. 1). Two patients with extensor tendon
rupture showed extension lag at the final follow-up and
refused additional surgery. The condition of 1 patient
(patient no. 19) progressed to septic arthritis of the sec-
ond metacarpophalangeal joint, for which arthrodesis
of the second metacarpophalangeal joint was performed
(Fig. 2). One patient (patient no. 23) also progressed to
septic arthritis and osteomyelitis of distal phalangeal
joint, for which arthrodesis was performed. Patient no. 21
complained of pain and extension lag after 5 years and 5
months, which suggested a recurrence of NTM infection.
He refused further evaluation and closed follow-up.

Of the 23 patients, 1 died of a comorbidity during
treatment, 1 was lost to follow-up, and 1 was transferred
to another hospital. The mean follow-up duration was
29.41 months (range, 10-81 months) for the remaining
20 patients. The mean follow-up period after the end of
medication was 24.1 months. At the last follow-up, 3 pa-
tients were symptom-free with full range of motion at the
involved site, 1 patient complained of localized swelling or
pain with full range of motion, 1 patient was found to have
a recurrence of infection in a finger, and 15 complained of
restricted joint motion (Table 4). Excellent and good ranges
of motion were maintained in more than 60% of the pa-
tients whose infections affected only a finger. In some pa-
tients infected at the wrist, the range of motion of the wrist

joint could not be confirmed due to insufficient charting.
However, the range of motion of the fingers and wrists of
patients with wrist infections varied as described in Table 5.

Fig. 2. A 55-year-old male patient with a history of repeat surgery (for
tuberculosis infection) complained of swelling of the dorsal side of the
wrist and deformity of the second metacarpophalangeal (MP) joint. We
performed synovectomy of an infected extensor tendon and debridement
of the MP joint. He was diagnosed with non-classified nontuberculous
mycobacteria infection. (A) Initial radiologic image showing significant
joint space narrowing and subluxation of the second MP joint during
treatment. (B) We performed arthrodesis on the MP joint. (C) Radiologic
image showing union of the second MP joint.

Fig. 1. (A) A 71-year-old female patient
with a history of repeated steroid injections
complained of finger edema that began 1
month ago. (B) Ultrasonography showed
synovial hypertrophy around the flexor tenon.
(C) A synovectomy was performed initially.
(D) During treatment, the drug was changed
due to cytopenia and hearing loss, and a
second synovectomy was performed due
to relapse in the third finger and wrist. (E,
F) At 18 months of relapse, tendon excision
was performed, followed by 6 months of
additional medication, total 24 months of
medication. At final follow-up, there was no
evidence of recurrence with limited range of
motion.
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Table 4. Duration of Anti-tuberculosis Medication and Final

Outcomes
Variable Value
Mean duration of antibiotic treatment (mo) (n = 18) 9.75
<6 mo (case) 6
7-12 mo (case) "
> 12 mo (case) 3
Outcome (case)
Follow-up loss 3
Symptom-free with full ROM 3
Localized swelling with good ROM 1
Limited ROM 15
Amputation 0
Recurrence of infection 1
ROM: range of motion.
DISCUSSION

In this study, M. intracellulare-induced infection was ob-
served in about 70% of patients. NTM are environmental
microorganisms that can be found globally,""" with more
than 200 species identified. The distribution of NTM
species and incidence of NTM infection show regional
differences.”” Among the cases of tenosynovitis reported,
Mpycobacterium marinum infections are the most com-
mon, followed by Mycobacterium kansasii and Mycobacte-
rium avium infections.**">'” Unlike previous reports, the
culture results in this study show that infection with M.
intracellulare was most common, observed in 15 patients,
followed by M. abscessus in 2 patients. M. intracellulare
infection was also more common in two other studies
of NTM tenosynovitis in South Korea.”” The centers in
which this study was conducted are both located in cities
within 1 hour of ports, farmlands, and factory sites and
do not show a bias regarding the causative environmental
factors associated with NTM infection. In a recently pub-
lished paper, M. intracellulare accounted for about 50%
of NTM infections in Korea.'” Therefore, we cautiously
suspect that M. intracellulare is the most common species
of NTM causing tenosynovitis in our country, based on
previously reported literature and our findings.

Several important risk factors for NTM tenosyno-
vitis are trauma, surgery, corticosteroid injections, and
marine-related activities such as handling fish.*”"” In our

Table 5. Outcomes of Range of Motion at Final Follow-up

Total range of motion

Involved
site Excellent Good Poor Insufficient No
(>75%) (50%—-75%) (<50%) chart record
Finger 2 5 4 -
Wrist 3 - - 1 5

study, 3 patients had a history of trauma, and 4 had a his-
tory of surgical treatment before their diagnosis of NTM
infection. Those surgeries were performed to treat symp-
toms such as triggering or swelling in the infected area.
Repeated corticosteroid injections in patients with no his-
tory of trauma are also suspected as a cause of infection.*"*
In the current study, 7 patients received corticosteroid
injections for hand symptoms before their first visits to
the study hospitals. Therefore, physicians should suspect
NTM infection in patients who have a history of trauma
or repeated steroid injections if their symptoms do not im-
prove with conventional treatment.

The treatment of NTM tenosynovitis includes drugs,
surgery, or a combination of the two."*” Chow et al."”
insisted on using only anti-tuberculosis drugs for NTM
tenosynovitis because extensive tenosynovectomy forms
a wide scar, after which wound recovery is very slow and
often causes movement limitations. Most cases or papers
published since then have reported using a combination
of anti-microbial drugs and surgery because NTM tenosy-
novitis is a deep invasive infection."**"*'*'”***¥ Synovec-
tomy significantly reduces the volume of infected tissue,
decreasing the residual infection that must be removed
by the drug."*” Some authors have argued that extensive
synovectomy will shorten the duration of drug treatment
and help prevent adverse drug effects."'” Although the
appropriate duration of drug therapy in NTM is unclear,
a minimum of 3-6 months is recommended, depending
on the clinical findings. Gunther and Levy” argued that
drug therapy should be maintained for 3-4 months after
complete resolution of clinical symptoms."” According to
a review of the literature, combined antibiotic treatment
should be continued for at least 6 months; however, more
than 12 months is unnecessary because a longer treatment
period does not appear to reduce the possibility of nega-
tive outcomes.”

The diagnosis and treatment of NTM infection
depend on the following three factors: strong clinical sus-
picion of infection, medical drug treatment, and suitability
of the patient for surgical treatment. The biggest problems
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we encountered while treating NTM infections were dif-
ficulty in detecting bacteria and delay in drug treatment
after surgery due to the nature of the bacteria and the
low positivity rates in AFB and PCR testing. In our study,
hospital A identified the strains within 1 week by perform-
ing an internal identification test. However, hospital B
took an additional 4 weeks (beyond the minimal culture
period) due to use of an external vendor for bacterial
identification. For this reason, anti-microbial drugs were
administered first in cases in which NTM infections were
suspected clinically or chronic granulomatous necrosis
was observed histologically in the presence of a positive
NTM, PCR or AFB staining result. We support aggressive
treatment because tuberculosis infection is endemic in our
country, and cases of NTM infection are on the rise.”” It is
preferable to initiate anti-tuberculosis treatment empiri-
cally, such as rifampin, ethambutol, or clarithromycin,
if 2-3 months are required to obtain a microbiology test
report. However, if the hospital can obtain such reports
quickly and internally, it seems reasonable to wait for cul-
ture results to select a drug.

In addition, an in-depth consultation is required to
increase patient compliance because patients might lose
trust in their physician if swelling or symptoms persist
postoperatively. In our study, it took an average of 7 weeks
for the surgical wound to heal. For 3 patients, wound
dehiscence occurred within 3 months or swelling per-
sisted postoperatively. In many cases, patient compliance
declined due to persistent swelling or incomplete healing

of the surgical site during the first 2 to 3 months. Further-
more, most patients (15/18) complained of adverse effects
from the accompanying drugs, which are thought to be the
significant reasons for reduced drug therapy compliance.
To improve compliance, periodic monitoring during treat-
ment is essential. It is important to help patients under-
stand through regular face-to-face consultations that slow
healing does not indicate treatment failure. Patients should
be educated about the gradual and prolonged process of
recovering from NTM infection.

Most previous papers reported cures, but they did
not report results showing patients’ range of motion or
pain and swelling in the affected area.”*'**” In our study,
patients with only finger involvement showed complete
healing with a good range of motion (Fig. 3). NTM infec-
tion of the wrist joint, which involved more extensive te-
nosynovitis, tended to cause decreased range of motion in
the fingers. However, the range of motion in the wrist itself
was relatively preserved because the infection had not in-
vaded the wrist joint itself.

A major limitation of our study is the small num-
ber of patients, which precludes statistical identification
of factors influencing outcomes. Statistical significance
could not be verified for the treatment period or prognosis
depending on the frequency of surgery, disease duration,
or location of infection. Second, treatment was performed
by two surgeons and multiple infectious disease physicians
across two different healthcare systems. Developing and
following universally agreed treatment protocols for deal-

Fig. 3. (A) A 75-year-old male patient
visited the hospital with resin edema in
the left hand that began 5 months ago. (B)
Ultrasonography showed synovial thickening
and fluid collection of flexor tendon. (C) The
first surgery was performed for biopsy and
Mycobacterium intracellulare was identified.

(D) Due to severe itching and skin rash,
which are side effects of drug treatment, the
patient himself stopped drug treatment for
6 weeks, and then the symptoms recurred
and a second operation was performed. (E)
Clinical resolution after anti-tuberculosis
treatment for a total of 9 months was
achieved and there was no recurrence at
the last follow-up of 39 months, but range of
motion of the finger was limited.
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ing with these infections could be helpful, but we have not
been able to do so. The rarity and nature of this disease
limit improvements in diagnostic methods and treatments.

In this paper, we identified a predominant species of
NTM infection in the hand in Korea, which will be helpful
in selecting empirical antibiotics. We have discussed the
challenges we faced during patient care, such as wounds
and edema during the treatment process, drug adverse
effects, the positive rate of actual tests, and specific treat-
ment courses, such as sequelae after a cure. This work is
important because the rarity and nature of NTM tenosy-
novitis pose many challenges for surgeons.
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