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Patients Prefer Ultrasound to Nerve Conduction
Studies for the Diagnosis of Carpal Tunnel Syndrome
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Background: The net promoter score (NPS) allows analysis of patient satisfaction
and preference between treatment and/or diagnostic testing. Electrodiagnostic
testing (EDX) and ultrasound (US) are commonly used diagnostic tests for carpal
tunnel syndrome. Although EDX is reliable for diagnosing carpal tunnel syndrome
(CTS), it can be uncomfortable and inconvenient for patients. We aimed to deter-
mine whether patients preferred US or EDX studies for the diagnosis of CTS, using
the NPS.

Methods: Seventy-five patients presenting to the clinic for evaluation of CTS com-
plaints who had EDX were prospectively studied. US evaluation of the median
nerve was then completed at time of evaluation. Patient satisfaction was deter-
mined by asking, “how likely are you to recommend this procedure to a friend or
relative?” for both EDX and US. Patient demographics, comorbidities, CTS-6 ques-
tionnaire (CTS-6), and functionality assessed through patient-reported qDASH
were also recorded.

Results: Sixty-five patients were included in the study. Most patients did not have
any comorbidities and were nonsmokers. The gender composition was similar, and
the average age of the enrolled patients was 58. The NPS for US was significantly
higher than EDX (P < 0.0001). Patients with diabetes mellitus rated their EDX
experience significantly lower than those without diabetes mellitus.

Conclusions: Patients are more likely to recommend US instead of EDX in the evalu-
ation of CTS complaints. This allows for shared decision-making between the patient
and provider if ordering diagnostic testing for CTS. (Plast Reconstr Surg Glob Open 2023;
11:¢5279; doi: 10.1097/GOX.0000000000005279; Published online 19 September 2023.)

Carpal tunnel syndrome (CTS) is the most common
peripheral nerve entrapment and is diagnosed through
history and physical examination. Sears et al. noted that
55% of surveyed hand surgeons “always” or “usually” obtain
electrodiagnostic studies (EDX) as part of the workup for
a patients with suspected CTS." Numerous studies*" have
demonstrated similar or superior diagnostic accuracy of
musculoskeletal ultrasound (US) when compared to EDX.
US offers the ability to look at dynamic motion; there-
fore, there are clinically applicable methods in which to
observe the motion of the flexor tendons and the median
nerve in a patient with CTS because such motion differs in
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patients who do not have CTS.” US also offers the advan-
tage of being able to detect anatomic and structural causes
contributing to US that can only be detected by imaging
methods and would be missed if only using EDX studies.
In the setting of similar diagnostic accuracy, other factors
such as cost, efficiency, and patient preference should
be taken into consideration. Shared decision-making is
ever important in the current climate of medicine. Thus,
having a better understanding of what patients prefer is
extremely useful and can increase patient satisfaction.'
The net promoter score (NPS) was first introduced
in 2003 in the Harvard Business Review to evaluate a cus-
tomer’s loyalty to a company and was used to predict a
company’s financial performance."” On a scale of 1-10,
customers answered one simple question, “how likely is
it that you would recommend [company X] to a friend
or colleague?.”"" Scores from 0 to 6 would be labeled as a
“detractor,” scores 7 to 8 as “passively satisfied,” and scores
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9 to 10 as “promoter.” The NPS was calculated as the per-
centage of promoter minus detractors. Therefore, scores
range from —-100 to 100 with higher positive score being
more favorable. Although this score continues to be used
in the business world today, it has also become an attrac-
tive tool in the healthcare industry.

A variant of the NPS, the friends and family test (FFT),
has also been used in healthcare. It asks how likely a patient
is to recommend a medical service to a family or friend with
the same condition. The NPS or FFT has been used in sev-
eral orthopedic studies to measure patient satisfaction after
a procedure and has been found to be a useful addition to
traditional measures of patient satisfaction.””" According
to Stirling et al, the FFT correlated well with postoperative
hand surgery functional improvement and patient satisfac-
tion."” The benefits of using the NPS in healthcare includes
ease of use, high completion rates,"” and being well under-
stood by most patients.”” Therefore, the goal of this study
is to ask patients how satisfied they were with both US and
EDX for the diagnosis of CTS, using the NPS given the use-
fulness of US as a diagnostic modality for CTS. Our hypoth-
esis is that patients will prefer US over EDX, given the
discomfort and inconvenience associated with EDX studies.

Following institutional review board approval, 75
patients who presented to a tertiary-care hand clinic were
enrolled into the study between March 2021 and November
2021. The patients were clinically diagnosed with CTS and
evaluated in the outpatient setting. The patients were
at least 18 years of age. Inclusion criteria included prior
upper extremity EDX within the last 3 years, which was con-
firmed through the electronic health record. After obtain-
ing written consent, the median nerve cross-sectional area
was measured by a trained hand fellow or attending hand
surgeon using a standard protocol.”! After performing the
US, patients were asked their willingness to recommend
their procedure to a friend or family member on a scale
of 0 to 100, with 100 representing full support for the pro-
cedure and 0 representing no support. The same question
was then asked for EDX based on the patient’s prior expe-
rience. Each rating was used to calculate the NPS.

Demographic data including age, gender, race, and
ethnicity were collected from the patients. History of
comorbidities including diabetes mellitus (DM), thyroid
disorders, heart disease, rheumatoid arthritis, osteoarthri-
tis, and smoking status was also collected. Patientreported
severity measures, Quick-DASH (qDASH) and CTS-6, were
also calculated. Patients without prior nerve conduction
studies (EDX) or whose EDX occurred more than 3 years
before their visit were excluded from the study. Patients with
incomplete qDASH questionnaires were also excluded.

The NPS for US and EDX was calculated by determin-
ing the number of promoters (90-100), passives (70-80),
and detractors (<60). The NPS was then determined to
be the percentage difference between promoters and
detractors. A Wilcoxon matched-paired signed rank test
was used to determine significance between the EDX
and US NPS for each patient. Mann-Whitney tests were
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Question: Do patients prefer ultrasound or nerve conduc-
tion studies for carpal tunnel syndrome diagnosis?

Findings: Patients prefer ultrasound to diagnose carpal
tunnel syndrome.

Meaning: Knowing patient preference allows for shared
decision-making between patient and provider when
ordering diagnostic testing for carpal tunnel syndrome.

used to compare values for data that was unpaired (eg.
DM diagnosis). Kruskal-Wallis tests was used to compare
multiple values (eg. current smoker, nonsmoker, former
smoker). Linear regression was used to assess trends (eg.
qDASH and CTS-6 scores). P values less than 0.05 were
determined to be statistically significant.

A total of 75 patients with CTS were enrolled in this
study, but only 65 met the inclusion and exclusion crite-
ria. Most patients did not have any comorbidities and were
nonsmokers. The gender composition was similar (53.8%
male) and the average age of the enrolled patients was
58.1 (Table 1).

The percentage of promotors, passives, and detractors
for US was 95%, 3%, and 1.5%, respectively. For EDX,
it was 17%, 8%, and 75%, respectively. Overall, the US
NPS was 93.8 and EDX NPS was -58.5 (Fig. 1, P< 0.0001).
To determine what factors may have prompted patients
to rate EDX lower than US when recommending the
procedure to another, each severity measure and comor-
bidity was compared against the EDX rating. CTS-6 and
qDASH were not statistically different. (See appendix,
Supplemental Digital Content 1, which shows that CTS-6
and qDASH scores were not statistically significant with
respect to EDX NPS, http://links.lww.com/PRSGO/
C775.) Moreover, EDX ratings among positive CTS-6
scores (212.5) and negative scores (<12.5) were not dif-
ferent. (See appendix, Supplemental Digital Content
2, which shows that all EDX scores with respect to the
comorbidities were not significant, http://links.lww.
com/PRSGO/C776.) All EDX scores with respect to the
comorbidities were not significant (Supplemental Digital
Content 2, http://links.lww.com/PRSGO/C776), except
for whether the patients had diabetes and if they were
former smokers. Patients with DM rated their EDX signifi-
cantly lower than those without DM (patients with DM,
13 and without DM, 52; P=0.04) (Fig. 2). Patients who
were former smokers rated their EDX significantly lower
than nonsmokers (former smokers, 19 and nonsmokers,
39; P=0.003). Despite the significance, this analysis was
not included in the main findings of the paper given the
small sample size.

The NPS for US and EDX was 93.8 and -58.5, respec-
tively. Given that NPS ranges from —100 to 100, it suggests
that nearly all patients would recommend getting US for


http://links.lww.com/PRSGO/C775
http://links.lww.com/PRSGO/C775
http://links.lww.com/PRSGO/C776
http://links.lww.com/PRSGO/C776
http://links.lww.com/PRSGO/C776

Carrozzi et al

Table 1. Demographic Data for All Patients (n = 65)

Demographics
Age, y (mean + SD) 58.1+£13.2
Sex (%)

Male 53.8

Female 46.2
Race (%)

American Indian/Native 1.54

Asian 1.54

Black/African American 10.8

White 86.1
Ethnicity (%)

Hispanic 6.15

Non-Hispanic 92.31

Other 1.54
DM (%)

Yes 20.0

No 80.0
Thyroid disorder (%)

Yes 13.8

No 86.2
Heart disease (%)

Yes 10.8

No 89.2
Rheumatoid arthritis (%)

Yes 7.69

No 92.3
Osteoarthritis (%)

Yes 43.1

No 56.9
Smoking status (%)

Current smoker 10.8

Former smoker 29.2

Never smoked 60.0

Most patients did not have any comorbidities and were nonsmokers. The gen-
der composition was similar (53.8% male), and the average age of the enrolled
patients was 58.1.

detection of CTS to family or friends. In contrast, most
patients would not recommend an EDX for the diagno-
sis of CTS. Moreover, neither CTS-6 nor qDASH scores
correlated with EDX NPS ratings, which implies EDX is
disliked as a diagnostic tool regardless of the patient’s
CTS severity. Similar findings were found in other stud-
ies that used NPS to determine patient preference after

A us

NPS = 93.8 (n =65)

mm 95.4% Promoters
3.08% Passives
B 1.54% Detractors

Preference of US to EDX for Diagnosis of CTS

different orthopedic procedures, which found no signifi-
cance among NPS with respect to qDASH.'*" Patients
with thyroid disorders, heart disease, rheumatoid arthri-
tis, osteoarthritis, and who were current smokers did not
significantly rate their experience with EDX significantly
different from those without the comorbidity. Again, this
suggests that EDX is overall less favored compared to US
for CTS diagnosis; patients would recommend US over
EDX to family and friends if given the option. These find-
ings are likely because EDX is an uncomfortable, pain-
ful, and lengthy procedure that may require a separate
appointment. In contrast, US offers a painless, quick, and
portable bedside diagnostic tool that can be completed
when patients present to the clinic for the first time with
CTS symptoms.

Patients with DM rated EDX significantly lower than
patients without DM. This may suggest having DM pre-
disposes patients toward having more pain during EDX,
or perhaps, more testing is needed given their underly-
ing diagnosis. Although prior studies suggest that patients
with DM may be more averse to EDX because they often
require higher stimulus intensity.”> Our study did not con-
trol for the stimulus intensity or needles used during EDX,
which could have skewed these results. However, EDX
needle size was not shown to significantly influence pain
experienced during EDX.*

There were several limitations with this study. The
first is that the study assumed that US and EDX provide
the same diagnostic capabilities, and patients were told
to base their ratings on this assumption. However, it is
unknown whether the use of US is indeed comparable to
EDX. Several studies have already been conducted on this
topic and suggest they are comparable.”® Nevertheless,
more research is needed on the wider scale. Additionally,
all comorbidities were patient reported and thus had sub-
jective interpretation by the patient. Patients were asked
directly after receiving US about their willingness to rec-
ommend the procedure to family or friends; however, they
had to recall their experiences from the EDX to answer
the same question. We tried to minimize the recall bias
by only including patients who had their EDX within the
last 3 years. The sample size was also small for patients
with diabetes, which increases the variability we observed
in this groups. However, given that the NPS magnitude for

B EDX

B 16.9% Promoters
7.69% Passives
BN 75.4% Detractors

NPS = —58.5 (n = 65)

Fig. 1. The number of promoters, passives, and detractors for US (A) vs EDX (B). The NPS for US and EDX

was 93.8 and —58.5, respectively.
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Fig. 2. Patients with DM rated their EDX significantly lower than
those without DM (P = 0.0383, where *P < 0.05). Patients with DM
and without DM had n =13 and 52, respectively. Median with
interquartile range.

US and EDX were vastly different, this result can be deter-
mined to be statistically significant even in the presence of
this variability.

Future work includes calculating the NPS in patients
who received ultrasound that was not diagnostic first
and were then referred for EDX. The NPS between
EDX and US may not be as starkly different in this sce-
nario, as EDX was necessary for diagnosis after failed
US. Future studies should also aim to include a larger
sample size of patients with objective measurements
of comorbidities. In summary, this study clearly dem-
onstrates that patients prefer US over EDX for the
diagnosis of CTS. This knowledge allows for shared
decision-making between patient and provider when
ordering diagnostic testing.
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of 1975, as revised in 2008.
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