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Summary

Introduction. Clinical and instrumental predictors of the efficiency of conservative and surgical
treatment of median nerve neuropathy in the carpal tunnel still remain a topical issue.

Aim. To identify clinical and instrumental predictors of clinical outcomes and patients’ satisfaction
after conservative and surgical treatment of carpal tunnel syndrome.

Materials and methods. Analysis of clinical outcomes and patients” satisfaction in 93 cases with
carpal tunnel syndrome: the first group included 49 patients (68 wrists) after conservative and the
second group included 44 patients (50 wrists) after surgical treatment. To identify predictors of the
efficiency of treatment, analyzed the following clinical-instrumental values: patients” age, duration
of the disease, discriminative sensation, pain intensity according to VAS, values of DASH, BCTQ,
CTS scales, clinical stage by Hi-Ob scale, electromyography severity grade according to Bland J. D.,
nerve conduction study and sonography results.

Results. The nerve conduction study and clinical examinations data (discriminative sensation,
clinical stage, duration of the disease, BCTQ and DASH values) show reliable effects on clinical
outcomes and patients’ satisfaction after conservative treatment. The sensory nerve action potential
amplitude and electromyography severity grade have the highest prognostic accuracy (91.4 % and
84.5 % respectively) for poor (unsatisfactory) result. For surgical treatment, identified results of
nerve conduction study, sonography, and patients” age show reliable effects on clinical outcomes
and patients’ satisfaction. The values of the highest prognostic accuracy for poor (unsatisfactory)
result were nerve deformity index established by sonography (77.8 %) and thenar compound
muscle action potential amplitude —by nerve conduction study (78.7 %).

Conclusions. We identified clinical-instrumental predictors of clinical outcomes and patients’ satisfaction
after conservative and surgical treatment of carpal tunnel syndrome. Specific results of instrumental
examination demonstrated excellent diagnostic quality and the highest prognostic accuracy.

Keywords: carpal tunnel syndrome, clinical outcomes, patients’ satisfaction, predictors of
treatment, nerve conduction study, EMG, ultrasound

INTRODUCTION

The frequency of tunnel neuropathies reaches 40 %
among all peripheral nervous system diseases, and carpal
tunnel syndrome (CTS) is the most widespread [7, 6].

Typical clinical patterns and well-studied methods
of diagnostics, however, some difficulties still exist, both
at the stage of the diagnosis identification and with the
choice of treatment tactic. In a significant share of cases,
this leads to poor clinical outcome [4, 3]. Distinguishing
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clinical, electromyographic and sonographic criteria to
forecast functional outcomes still remains a topical issue.
Many scientific researches are dedicated thereto, but
most of them consider clinical and instrumental values
separately [8, 5, 10,9, 11].

AIM

To identify clinical and instrumental predictors
of clinical outcomes and patients’ satisfaction after
conservative and surgical treatment of CTS.
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MATERIALS AND METHODS

Analysis of outcomes of 93 patients (118 wrists) with
neuropathy of a median nerve (MN) in the carpal canal,
who underwent examination and treatment at the SI «ITO
NAMS of Ukraine». We have analyzed the following clinical-
instrumental values: patients’ age, duration of the disease,
discriminative sensation, pain intensity according to VAS,
functional capacity according to DASH, expression of
clinical symptoms and functional disorders according to
BCTQ (BCTQss — BCTQ severity of symptoms, BCTQfi —
BCTQ functional impairments), clinical stage according
to the Hi-Ob scale, values of the diagnostical CTS-6
scale, nerve conduction study (NCS) values — the thenar
compound muscle action potential amplitude (CMAP),
sensory nerve action potential amplitude (SNAP) recorded at
the digit 11, distal motor latency (DLm), peak sensory latency
(PLs), sensory nerve conduction velocity (SNCV), severity
of damage to the MN according to the electromyography
(EMG) — EMG grade according to Bland J. D. (EMGg) [1],
sonographic values: cross-section area of the median nerve
(MN CSA) and nerve deformity index (NDI) [2].

The assessment of the clinical and instrumental
parameters took place before the treatment (input) and
clinical data — at the control examination (control) at
12 months and more than.

All patients were subdivided into two groups
according to the treatment method. The first group
comprised of 49 patients (68 wrists) after the conservative
treatment (CT) with an obligatory paraneural blockade
using glucocorticosteroids; the mean age of the patients
was 57.5+11.24 years old. The second group of 44 patients
(50 wrists) after surgical treatment (ST) — the open release
of the carpal canal; mean age 58.91£12.29 years old.

To assess the results of the CT, we subdivided the
patients according to a verbal rating scale (VRS) of
satisfaction — regression of pain, sensory and motor

impairments (from 1 to 10 scores) and the period of
positive dynamics. The patients split into two subgroups:
the first subgroup (Act), 30 cases with good (satisfactory)
results from 5 to 10 scores according to the VRS during
over 12 months; the second group (Bct) 38 cases with
poor (unsatisfactory) results — no dynamics or from 1 to
4 scores according to the VRS and the duration of the
positive effect for the period under 12 months.

To assess the results of the ST, we used the VRS and
the dynamics of the values according to VAS, DASH,
BCTQss and BCTQfi (above or below 50 %). After
the surgical treatment, the patients also split into two
subgroups: the first subgroup (Ast), 34 cases with good
(satisfactory) results from 5 to 10 scores according to the
VRS and positive dynamics of the quantitative values
according to VAS, DASH, BCTQss, and BCTQfi >50 %;
the second (Bst), 16 cases with poor (unsatisfactory)
results — from 1 to 4 scores according to the VRS, with
positive dynamics according to VAS, DASH, BCTQss,
and BCTQfi <40 % or with no effect of the treatment.

To identify the prognostically significant threshold
values to set apart good and poor results, we applied
the methods of logistic regression and ROC analysis
(sensitivity, specificity, index of the area under the ROC
curve (AUC), the positive predictive value (PPV), the
negative predictive value (NPV) and accuracy (A).

RESULTS

The comparison of the examined values by the
subgroups of patients before CT appears in table 1. We noted
that the following NCS values: DLm, CMAP amplitude,
PLs, SNAP amplitude, SNCV, EMGg; and the clinical
ones: CTS-6, Hi-Ob, discriminative sensation, duration
of the disease, VAS, DASH, BCTQss, and BCTQfi values
(before the treatment) differed significantly in Act and Bct
subgroups, evidencing these factors’ impact on the results
of treatment (probable differences are in bold).

Table 1
The examined values in the Act and Bct subgroups before CT
Examined values Act subgroup M+SD Bct subgroup M+SD [ t-criterion P
Age 54.84£11.49 59.47+8.79 -1.87 0.06
Duration of the disease, months 8.21+12.09 28.96+47.10 -2.34 0.02
Hi-Ob (stage) 2.00£1.01 2.9440.95 -3.94 0.00
CTS-6, CI 12.614+3.49 17.63£6.02 -4.05 0.00
Discrimination sensation, mm 4.43£0.57 6.30+2.05 -4.83 0.00
EMGg (grade) 1.96£0.88 3.81£1.10 -6.89 0.00
DLm, ms 4.404+1.00 6.45+£2.51 -3.84 0.00
CMAP, mV 6.2843.14 4.05+2.37 3.03 0.00
PLs, us 4.16%0.68 5.04£1.01 -3.21 0.00
SNAP, uv 19.4449.67 3.52+5.21* 8.04 0.00
SNCV, m/s 42.04£9.74 34.45+5.12 2.69 0.01
CSA, mm? 12.8443.52 14.2743.69 -1.43 0.15
NDI, CI 0.85%0.09 0.80%0.09 1.78 0.07
VAS (before the treatment) 7.16£2.42 7.97£2.46 -1.35 0.18
DASH (before the treatment) 51.25£25.07 61.82+17.81 -2.03 0.04
BCTQss (before the treatment) 3.22+1.04 3.81£0.86 -2.57 0.01
BCTQfi (before the treatment) 2.87£1.03 3.58%£1.24 -2.53 0.01
Kainivyna ta npodiraxrtuana MmeauriiHa, Ne 4(34) /2024 51
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The results of ROC analysis and threshold levels
of prognostic values and their diagnostic efficiency with
respect to poor results of CT appear in table 2. The model
of excellent quality (AUC=0.9-1) reflected the study of
NCS values SNAP amplitude and EMGg, the same of very
good quality (AUC=0.8-0.9) — the values of DLm, of good

quality (AUC = 0.7-0.8) — PLs, discriminative sensation,
SNCYV, Hi-Ob clinical stage and CTS-6. The model of
average quality (AUC = 0.6-0.7) reflected the duration
of the disease, CMAP amplitude, BCTQss, BCTQfi, and
DASH. Logistic regression with sonography values resulted
in the average quality models, however not probable.

Optimal threshold levels of prognostic values and their diagnostic efficiency with respect to poorTable ’
results of CT

s [entmlrte gt [ [ o o] s
&‘éjﬁ’; of the disease 4 s 6o o | ¢ 40.669';)7.3) 70 64.3 0.690 677 | <0.001
Hi-Ob (stage) 2| s 679387 3 | 43.693_'830.1) 718 65.5 0.742 69.1 | <o0.001
CTS-6, Cl >16.5 (35_582_'669_0) (73.95‘2'907.9) 87 60 0.729 69.1 | <0001
gjﬁgiminaﬁon ESEI || o (38.5]5_ s 7 (82.986_'979.9) 95.2 64.4 0.76 743 | <0.001
EMGg (grade) 2| 5970998 bl 4_796_'900. 6| 3 86.4 0.91 845 | <0.001
DLm, ms >5.4 (50_60%'873_9) - 4%%';’9_0) 91.7 69.7 0.84 789 | <0.001
CMAP, mV o | e ol 42.6;';)2.0) 70 59.3 0.683 649 | <0.001
PLs, s 3.9 (76.20_?00) (21%1‘3'601.3) 48.3 100 0.76 615 | <0001
SNAP, pV <10.1 (75%9'998_1) g 4%%';)9_0) 93.8 88.5 0.95 914 | <0001
SNCV, m/s <38 (57'%5_'978.2) (38'67‘}708.9) 54.5 88.2 0.75 692 | <0.001
CSA, mm? >14.3 (31.53(3'608.7) (53.735_'900.2) 71.4 545 0.639 61.1 0.067
NDI, CI <0.91 (77_993_'939.2) (12.269_'521. y| 622 77.8 0.627 64.8 0.102
VAS 9 | 240566 | 65500 | 75 s2.0 | 0619 | 588 | 0076
BCTQss >3.4 (59.786_'5’8.6) ( 43.693_';0'1) 725 679 | 0678 | 706 | <0001
BCTQfi 4| 6559 | 790902 | 889 56 0668 | 642 | <0001
DASH 247 || oy | ot | @2 684 | 0639 | 662 | <0001

The comparison of the examined values by the
subgroups of patients before ST appears in table 3. We
analyzed all mentioned values in both subgroups of
patients. We noted that the following parameters: age,
CMAP amplitude, SNAP amplitude, and NDI differ
significantly in the subgroups Ast and Bst, evidencing the
effect of these factors on the outcome (p>0.05). The rest
of the values didn’t differ between the groups.
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The results of ROC analysis and threshold levels
of prognostic values and their diagnostic efficiency with
respect to poor results of ST are represented in table 4. The
sonographically identified NDI value was the most accurate
prognostic factor in our research, with a very good quality of
models (AUC= 0.8-0.9); the models relating to the CMAP
amplitude (AUC= 0.7-0.8) and the age (AUC — 0.6-0.7)
were the ones with good prognostic accuracy.
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Table 3
The examined values in Ast and Bst groups before ST
Examined values Subgroup A M+SD | Subgroup B M+SD t-criterion P
Age 55.8+10.6 65.0+13.4 -2.49 0.02
EMGg 3.2+1.4 4.1+1.4 -1.97 0.05
DLm, ps 5.7743.05 6.561+1.46 -0.91 0.36
CMAP, mV 4.43+2.32 2.53+3.23 2.29 0.03
SNAP, pv 9.95+10.6 2.68+4.70 2.45 0.01
SNCV m/s 38.7619.0 32.96+5.37 1.48 0.14
CTS-6, CI 16.671£5.74 17.59+5.75 -0.52 0.60
Hi-Ob (stage) 2.91+1.02 3.0+0.96 -0.28 0.77
Discrimination sensation, mm 6.35+£2.39 7.33£2.89 -1.23 0.22
NDI, CI 0.85+0.07 0.75£0.06 3.70 0.00
CSA, mm? 18.4+8.18 15.2+6.45 1.08 0.28
Duration of the disease, months 29.47+40.21 35.81£54.90 -0.46 0.64
VAS (before the treatment) 8.50£2.19 8.561+2.15 -0.09 0.92
DASH (before the treatment) 67.961+22.57 70.81£22.79 0.41 0.67
BCTQss (before the treatment) 4.05+0.73 4.05+1.00 -0.02 0.98
BCTQfi (before the treatment) 3.69+1.25 4.16+1.01 -1.32 0.19
Table 4

Optimal threshold levels of prognostic values and their diagnostic efficiency with respect to poor

results of ST

. Optimal Sensitivity | Specificity PPV NPV Accuracy
Predictors | ochold | (95%CI) | (95 %CI) (%) (%) AUC (%) P

91.7 66.7

NDI, CI <0.83 (61.5-99.8) | (38.4-88.2) 68.7 90.9 0.847 77.8 <0.001
64.3 84.8

CMAP, mV <1.9 (35.1-87.2) | (68.1-94.8) 64.3 84.8 0.736 78.7 <0.001
78.6 61.8

SNAP, uv <3.9 (49.2-95.3) | (43.6-77.8) 45.8 87.5 0.683 66.7 <0.001
66.7 69.0

Age >59 38.4-88.2 49.2-84.7 52.6 80 0.678 68.3 <0.001

DISCUSSION study (CMAP, SNAP, DLm, PLs, SNCV) and sonographic

Thus, to identify prognostic factors of the efficiency
of conservative and surgical treatment, we analyzed the
following clinical and instrumental values: patients’ age,
duration of the disease, discriminative sensation, pain
intensity according to VAS scale, functional capacity
according to DASH, severity of clinical symptoms
and functional impairment according to BCTQss and
BCTQfi, clinical stage by the Hi-ob scale, values of the
CTS-6 diagnostic scale, severity of damage to the MN
according to the EMG stage, median nerve conduction

Kainivyna ta npodiraxrtuana MmeauriiHa, Ne 4(34) /2024

values (MN CSA, NDI). To distribute the patients in the
conservative therapy group (good and poor resuts), we used
verbally reported satisfaction (regression of pain, sensitivity,
and motional impairments (from 1 to 10) and period of
positive dynamics (0-12 months and over 12 months).

To assess the results of surgical treatment, we also
used a verbally reported satisfaction (regress of pain,
sensitivity and motional impairments) and dynamics of
values according to VAS, DASH, BCTQss, and BCTQfi
(above or below 50 %).
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The ROC analysis has shown significant prognostic
NCS values: CMAP amplitude, SNAP amplitude, DLm,
PLs, SNCV, and EMGg and clinical ones: discrimination
sensation, Hi-Ob clinical stage, values of CTS-6, BCTQ
and DASH scales, duration of the disease about poor
CT results. NCS values of the highest prognostication
accuracy were the SNAP amplitude (91.4 %) and EMG
severity grade (84.5 %). The absence of the sensory
potential or the SNAP amplitude below 10 uV and the
3r-6" EMG grade with a high extent of probability
predicted poor (unsatisfactory) results of the CT. The rest
of the values had probable but much lower prognostication
efficiency.

For the surgical treatment, prognostically significant
were sonographically identified NDI and NCS-identified
CMAP and SNAP amplitude, as well as the age of the
patients. NDI (77.8 %) and thenar CMAP amplitude
(78.7 %) were the most prognostically accurate. The NDI
<0.83 CI and/or the CMAP amplitude <1.9 mV predicted
poor (unsatisfactory) results of ST with high probability.

These results can be used by physicians to
substantiate treatment tactics and forecast the recovery
of the median nerve function for the treatment of CTS
patients.

CONCLUSIONS

Identified are clinical-instrumental predictors
for clinical outcomes and patients’ satisfaction after
conservative and surgical treatment of carpal tunnel
syndrome. The nerve conduction study and clinical
examinations data (discriminative sensation, clinical
stage, duration of the disease, BCTQ, and DASH values)
show reliable effects on clinical outcomes and patients’
satisfaction after CT. Values of instrumental examination
methods demonstrated the excellent diagnostic quality
of models and the highest prognostic accuracy. NCS
values have shown excellent diagnostic quality and the

highest prognostic accuracy for conservative treatment.
The absence of sensory potential or the SNAP amplitude
below 10 pV and the 3-6" EMG grade with high accuracy
(91.4 % and 84.5 % respectively) predicts (unsatisfactory)
results of conservative treatment.

For surgical treatment, identified results of nerve
conduction study, sonography, and clinical examination
(patients’ age) show reliable effects on clinical outcomes
and patients’ satisfaction. Sonographic values, namely the
NDI below 0.83 CI and the thenar CMAP amplitude less
than 1.9 mV demonstrated a very good quality of model
and prognostic efficiency. With a high accuracy (77.8 %
and 78.7 % respectively), they allow predicting poor
(unsatisfactory) results of surgical treatment.

Prospects for further research. The small number
of patients and the heterogeneity of the groups in terms
of the severity of the disease prompts further research in
this direction. Moreover, it seems desirable to conduct
a prospective long-term study of clinical and instrumental
predictors of the results after conservative and surgical
treatment of patients with carpal tunnel syndrome.
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Pestome

KJIHIKO-IHCTPYMEHTAJIbHI NPEAUKTOPU EPEKTUBHOCTI KOHCEPBATUBHOIO TA ONMEPATUBHOIO
JIIKYBAHHSI HEBPONATIi CEPEAUHHOIO HEPBA B KAPMAJIbHOMY KAHAJI
Oxcana I. laiiko, Jliogmuna I. Knumuyk

[epxasHa YcTaHosa “IHCTUTYT Tpasmaronorii Ta opronesii HaujoHanbHoT akanemii MeanyHux Hayk Ykpainn”, M. Kuis, Ykpaina

Berym: [Tpobaema kAiHIKO-iIHCTpYyMeHTaABHIUX IIPEAUKTOPIB e(beKTMBHOCTI KOHCepBaTUBHOTO Ta OIlepaTUBHO-
'O AiIKyBaHHsI HeBpOIlaTil cepeAMHHOTO HepBa B KapIIaAbHOMY KaHaAi AO IIbOTO Yacy 3aAMIIIAETHCS aKTyaAbHOIO.
MeTa. BusHaunTVI KOMIIAEKCHI KAIHIKO-IHCTpYMEHTaABHI IPEAUKTOPY €eKTUBHOCTI KOHCEPBATUBHOTIO Ta Xi-
PYPTiYHOrO AiKyBaHH: y HAIli€HTIB 3 KAPIIAABHVM TYHEABHUM CMHAPOMOM.

Marepiaau Ta MeToAN. [IpoBeAeHO aHAaAI3 93 MaITi€HTIB 3 KAPIIAABHNM TYHEABHIM CUHAPOMOM, SIKi IIPOXOAN-
AM oberexxeHHs Ta AikyBaHHA B AY «ITO HAMH Yxpaiam». XBopi 6yAn posrioaireHi Ha ABi IpyIIi B 3aA€XKHOCTI
Bia Ty AikyBaHHsL. [lepima —49 narieHTiB (68 Ki1cTelt) MicAsI KOHCEPBATUBHOTIO (3 060B’I3KOBUM IIPOBEACHHSIM
IapaHeBPaAbHOI OAOKAAM 3 TAIOKOKOPTUKOCTEpOiAaMu), ApyTa — 44 mamienTn (50 Kucredt) micas Xipypriaao-
TO AIKYBaHHS (BIAKPUTHI peAi3 KapIlaAbHOTO KaHaAy). AAsl BU3HAYEHHs IIPOTHOCTUYHUX haKTOPiB edexTuB-
HOCTI KOHCEPBATMUBHOI'O Ta XipypridHOro AiKyBaHHS OyAU IIpOoaHaAi30BaHi HACTYIIHI KAIHIKO-IHCTpyMeHTaAbH1
ITOKA3HMUKI: BiK ITaIlieHTiB, TPMBAAICTh 3aXBOPIOBAHHS, AMCKPUMIHAIIIHA YyTAUBICTD, BUPA’KEHICTb OOAIO 3a
mkaaoo BAII, ¢yHKIioHaAbHa CIIPOMOXKHICTh 3a IIKaAol DASH, BMpa’keHICTh KAIHIYHMX CHMIITOMIB Ta
¢dynKuionarbHIX HopymIeHb 3a BCTQ, kainiuHa craais 3a Hi-ob mxaaoro, aani CTS-6 mikaAm, CTyImiHb TSK-
KOCTi ypa>keHHsI cepeAHHOro Hepsa 3a EMI craaielo, eaexrpomiorpadivsi Ta coHOrpadivHi IOKa3HUKIA.
PesyapTaTu. BiporiAHMMI IPeAMKTOPaMI HE3aA0BiABHOTO Pe3yAbTaTy KOHCEPBAaTUBHOIO AiKyBaHHS BCTaHOB-
AeHi ITOKa3HUKI eAeKTPOMiorpadidHOro Ta KAIHIYHOTO AOCAIAKEHHS (AMCKpUMIHAIIIIHA Iy TAUBICTD, KAIHIY-
Ha cTapis 3a Hi-OB, TpuBanicTs 3axBopiosanHs, 3HadeHH I1kaA BCTQ Ta DASH). Hait6iabIy IpOrHOCTUYHY
TOYHICTb OTPMMAaAM IIOKA3HIKI eAeKTpoMiorpadii: aMIiaiTyaa ceHcopHOro noTeHmiaAy (91,4 %) ra EMI craais
(84,5 %) 3a Bland ]. D. AAs omrepaTMBHOIO AiKyBaHHS BipOriAHMMI IIPEAUKTOPaMI He3aAOBiABHOTO pe3yAbTa-
Ty BCTAHOBA€HI ITOKA3HMKY €AeKTPOMiorpadivyHOro, COHOrpadiyHOro Ta KAIHiYHOrO AOCAiAXKeHH: (Bik marfi-
eHTiB). Haii6iABIIIy IIPOrHOCTMYHY TOYHICTh OTPYIMaA COHOTpadiIHMIT IIOKA3HUK — iHAeKC AedopMaliil HepBa
(77,8 %), exexTpomiorpadiuHmii MOKA3HNK — aMIIAITyAa MOTOPHOI BiATIOBiAl M's13iB TeHapa (78,7 %).
BucHoBKI. BcTaHOBAEHI KAIHIKO-IHCTpYMeHTaABHI ITPEAUKTOPY He3aA0BIABHOTO pe3yAbTaTy KOHCEepBaTUBHOIO
Ta XipypriYHOro AiKyBaHH: XBOPYX 3 KapIIaAbHVM TYHEABHMM CMHAPOMOM. BiAMiHHY AlarHOCTMYHY SKiCTh MO-
A€Aeli Ta HaliBUIILY IIPOTHOCTMYHY TOYHICTh OTPUMAAN ITOKAa3HMKM iHCTPYMEHTAaABHIX METOAIB AOCAIAKEHHSI.

Knwouosi cnoea: xkapnarbHUI TyHeAbHUII CMHAPOM, KAiHiUHi pe3yAbTaTH, 3aA0OBOAEHICTh Nalli€HTiB,
NpPeAUKTOPHU AiKyBaHHSI, AOCAiAXKeHH T HepBoBoi nposiaHocTi, EMI, Y3A
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