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Clinical and Electrophysiological Assessment
of Peripheral Nerve Function After Transradial
Angiography: A Prospective Study

ABSTRACT

Background: Transradial angiography (TRA) is widely used in contemporary coronary
procedures. Although clinically apparent peripheral nerve injury after TRA is uncom-
mon, subclinical nerve involvement may go unrecognized. This study aimed to objectively
assess peripheral nerve function after TRA using neurological examination, standardized
neuropathic pain questionnaires, and nerve conduction studies (NCS).

Methods: This prospective, single-center observational study included consecutive
patients undergoing transradial coronary angiography. A total of 107 patients were ana-
lyzed. Neurological examination was performed within 24-48 hours after the procedure.
Neuropathic symptoms were evaluated using the Douleur Neuropathique en 4 (DN4) and
Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) questionnaires. Bilateral
nerve conduction studies of the median, ulnar, and radial nerves were performed 1Tmonth
after TRA, and side-to-side comparisons were conducted.

Results: Side-to-side differences were observed in selected nerve conduction parame-
ters. These electrophysiological changes predominantly involved the radial nerve on the
procedure side, characterized by lower sensory amplitude, reduced conduction velocity,
and decreased motor amplitude (P < .05). Median and ulnar nerve conduction findings
were largely comparable between sides. Douleur Neuropathique en 4 and LANSS scores
were in normal ranges and not associated with nerve conduction parameters. No clini-
cally evident local or neurological complications were detected during follow-up.

Conclusion: Transradial angiography may be associated with mild, procedure-side pre-
dominant radial nerve conduction changes detectable by NCS, without clinically evi-
dent neuropathy. Objective electrophysiological assessment may therefore help identify
underrecognized subclinical nerve involvement following TRA.

Keywords; Nerve conduction studies, peripheral nerve injuries, radial nerve, transradial
angiography

INTRODUCTION

In recent years, the transradial approach (TRA) has become the preferred access
route for coronary angiography. Its use is associated with fewer access site bleed-
ing events and vascular complications than the transfemoral approach, resulting
in better clinical outcomes, particularly in patients with acute coronary syndrome.
As aresult, international guidelines now recommend TRA as the default strategy
forinvasive coronary procedures.’®

Transradial access may be associated with complications including radial artery
spasm, catheter kinking, arterial dissection or perforation, radial artery occlu-
sion, hematoma, pseudoaneurysm, arteriovenous fistula, and, less commonly,
peripheral nerve injury. Although most TRA-related complications are mild and
self-limited, some may lead to patient discomfort, limb dysfunction, prolonged
hospitalization, and in rare cases, significant morbidity.* '

Peripheral nerve injury after transradial access is rare and its true incidence
is likely underestimated, as mild neurological symptoms are frequently over-
looked. Proposed mechanisms include local hematoma, contrast extravasation,
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compression-related ischemia, compartment syndrome,
and complex regional pain syndrome, all of which may affect
adjacent neural structures. In this setting, electrophysio-
logical abnormalities may still be identified even in patients
without clinically apparent neuropathic symptoms.™™

Nerve conduction studies (NCS) provide an objective method
for assessing peripheral nerve function and are capable of
identifying subclinical or transient nerve involvement that
may not correlate with patient-reported symptoms or neu-
rological examination.™ However, data regarding system-
atic electrophysiological evaluation of peripheral nerves
following TRA remain limited, and existing studies have
reported inconsistent findings.

This prospective study objectively evaluated the presence
and characteristics of peripheral nerve involvement follow-
ing TRA through comprehensive neurological examination,
standardized neuropathic pain assessment, and nerve con-
duction studies.

METHODS

Study Design and Population

This prospective, single-center, observational cohort study
was conducted at a tertiary referral hospital. Eligibility
screening was performed consecutively in patients undergo-
ing transradial coronary angiography. A total of 132 patients
were initially assessed to reflect routine clinical practice and
to allow a comprehensive evaluation of potential electro-
physiological changesrelated to intervention.

At baseline, all patients underwent a detailed medical his-
tory review and comprehensive neurological examination.
One month after the TRA procedure, peripheral NCS were
performed on both the procedure side and the contralateral
upper extremity.

Inclusion and Exclusion Criteria

Patients undergoing transradial coronary angiography
were evaluated for eligibility. Individuals with peripheral
polyneuropathy (PNP), a history of nerve injury or upper-
extremity surgery/injury involving the peripheral nerves, and
those with other neurological conditions known to affect
nerve functions were not included. Patients unable to ade-
quately cooperate with electrophysiological testing were
also excluded. Carpal Tunnel syndrome (CTS) cases were
retained in the primary analysis to reflect routine practice
and to avoid unnecessary loss of sample size for non-median
nerve comparisons. A prespecified secondary analysis was

HIGHLIGHTS

e Peripheral nerve involvement after transradial angiog-
raphy may remain clinically unrecognized.

e Nerve conduction studies revealed mild, procedure-
side—predominant radial nerve changes.

e Electrophysiological findings were not associated with
neuropathic pain scores.

e Objective assessment may help identify subclinical
nerve involvement after transradial access.
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subsequently performed excluding patients with CTS to
reduce potential confounding.

Transradial Angiography Procedure

All angiographic procedures were performed by an expe-
rienced interventional cardiologist using a standardized
transradial approach. Only patients who had undergone
diagnostic coronary angiography for standard clinical indi-
cations, without additional interventional procedures, were
included in the study. A standardized 6-French radial sheath
was used in all cases. The average procedural duration was
approximately 30 minutes, depending on anatomical com-
plexity. The radial sheath was removed immediately after
completion of angiography, and hemostasis was achieved
using a dedicated radial compression device according to
institutional protocol.

Clinical and Neurological Assessment

The neurological examination included assessment of mus-
cle strength, superficial sensation, deep tendon reflexes,
and neuropathic pain—related signs such as allodyniq,
hyperalgesia, and hyperpathia. This examination was car-
ried out within 24-48 hours after the transradial procedure.
Nerve conduction studies were performed separately at the
1-month follow-up visit.

Neuropathic complaints were evaluated using the Douleur
Neuropathique en 4 (DN4) and Leeds Assessment of
Neuropathic Symptoms and Signs (LANSS) questionnaires
as screening tools for neuropathic pain. A DN4 score of 4 or
higher and a LANSS score of 12 or higher were considered
indicative of neuropathic pain.’"”

Procedure-related local complications were systematically
assessed during follow-up, and medication histories were
reviewed for agents that could affect neuropathic pain
assessment.

Electrophysiological Evaluation

Nerve conduction studies were performed 1 month after
transradial angiography, as electrophysiological manifesta-
tions of peripheral nerve injury often require several weeks to
become detectable and may be underestimated if assessed
earlier. All recordings were performed in a dedicated elec-
tromyography laboratory using a commercially available
system. Motor nerve studies used supramaximal stimula-
tion with compound muscle action potentials recorded from
standard target muscles. Sensory nerve studies were per-
formed using routine antidromic techniques. Standard filter
settings were used throughout the study (motor studies: 2
Hz-10 kHz; sensory studies: 20 Hz-2 kHz). Skin tempera-
ture was maintained at >32°C and monitored before each
examination to minimize temperature-related variability.
All recordings were performed in accordance with estab-
lished electrodiagnostic guidelines. All electrophysiological
studies were performed and interpreted by an experienced
physiatrist.

Nerve conduction studies parameters were obtained from
both the procedure side and the contralateral side, and
side-to-side comparisons within the same patient were
used to reduce inter-individual variability. All studies were
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performed and interpreted by the same physician to ensure
methodological consistency.

Laboratory Evaluation

Laboratory parameters known to influence peripheral
nerve function were recorded, including vitamin B12, ferri-
tin, thyroid function tests (TSH and free T4), glycemic status
(HbAlc), and hematological indices (hemoglobin and mean
corpuscular volume). These parameters were evaluated to
identify potential metabolic or systemic confounders.

Statistical Analysis

Statistical analyses were performed using standard statis-
tical software. The normality of continuous variables was
assessed prior to analysis. Variables with a normal distribu-
tion are presented as mean + standard deviation, whereas
non-normally distributed variables are reported as median
(interquartile range). Categorical variables are expressed as
number and percentage. Side-to-side comparisons within
the same patient were performed using paired t-tests for
normally distributed data and Wilcoxon signed-rank tests for
non-normally distributed data. Associations between neu-
ropathic pain scores (DN4 and LANSS) and nerve conduction
parameters were evaluated using Spearman’s rank correla-
tion coefficient. A P value <.05 was considered statistically
significant. Given the exploratory nature of the analyses, no
formal correction for multiple comparisons was applied.

Ethics

The study was approved by the Local Ethics Committee
(1510.2025-2025-KAEK-47) and was conducted in accor-
dance with the principles of the Declaration of Helsinki.

RESULTS

A total of 132 patients who underwent TRA were initially
referred for post-procedural neurological and NCS. Among
these, 25 patients were excluded based on predefined crite-
ria, including poorly controlled diabetes (HbAlc > 7%; n=7),
vitamin B12 deficiency (< 250 pg/mL; n=5), and use of medi-
cations that could influence neuropathic pain assessment
(n=5). In addition, electrophysiological findings consistent
with PNP were identified during NCS in 8 patients. After
these exclusions, 107 patients constituted the final study
population for the primary analysis. This analysis was per-
formed to observe all potential electrophysiological changes
associated with the procedure before excluding conditions
that could independently affect peripheral nerve function.
Subsequently, patients with CTS (n=16) were excluded,
and a predefined secondary analysis was conducted in the
remaining 91 patients.

Table 1summarizes the demographic, laboratory and clinical
characteristics of the final study population following exclu-
sion of patients with CTS (n=91). Douleur Neuropathique
en 4 and LANSS neuropathic pain scale scores were within
normal ranges in the 91 patients included in the secondary
analysis.

Side-to-side nerve conduction findings observed in the pri-
mary analysis of the entire cohort (n=107) are summarized
in Tables 2 and 3. In this analysis, significant side-to-side
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Table 1. Demographic and Clinical Characteristics of the Study
Population After Exclusion of CTS Cases (n=91)

Characteristics Values
Age, years 56 +11
Sex (female/male) (%) 41(45)/50 (55)
Vitamin B12 (pg/mL) 412 (318-546)
Ferritin (ng/mL) 74 (38-146)

TSH (plU/mL)
Free T4 (ng/dL)

192 (1.21-2.68)
112 (0.98-1.26)

HbATc (%) 5.8+0.8
Hemoglobin (g/dL) 13.7+1.4
MCV (fL) 89.6+4.8
DN4 score 2(0-3)
LANSS score 5(2-8)

Values are presented as mean + standard deviation, median
(interquartile range), or number (percentage), as appropriate.

DN4, Douleur Neuropathique en 4 Questions; HbAlc, glycated
hemoglobin; LANSS, Leeds Assessment of Neuropathic Symptoms and
Signs; MCV, mean corpuscular volume; TSH, thyroid-stimulating
hormone.

differences were identified in selected nerve conduction
parameters, including median motor nerve latency, ampli-
tude, and conduction velocity, as well as median sensory
nerve conduction velocity. Significant differences were also
observed in radial nerve motor amplitude and in radial sen-
sory nerve amplitude and conduction velocity. In contrast,
ulnar motor and sensory nerve conduction measures were
comparable between sides.

After exclusion of patients with CTS (n=91), side-related
differences were limited to the radial nerve (Tables 4 and

Table 2. Primary Analysis (Overall Cohort, n=107): Side-to-
Side Motor Nerve Conduction Comparisons

Right Left P
Median motor 3.33(2.45-7.24) 3.31(2.31-7.4) .035*
nerve latency
Median motor 8.4 (3.3-149) 7.45(1.4-16.5) <.0071**
nerve amplitude
Median motor 50 (33-74) 51(46-71) .036*
nerve velocity
Ulnar motor nerve 2.59+0.36 2.41+0.42 A
latency
Ulnar motor nerve  7.65(5.4-12.7) 7.8 (4.7-14) .57
amplitude
Ulnar motor nerve 571+7.6 579+73 .23

velocity

Radial motor nerve 2.29(1.25-3.28) 2.38(1.25-3.75) 19
latency

Radial motor nerve 31(0.6-7.4) 5.3(3.2-79) .001**
amplitude
Radial motor nerve 63 (37-76) 64 (41-76) 95

velocity

Values are presented as mean + standard deviation or median
(interquartile range), as appropriate. Right and left sides correspond to
the procedure side and contralateral side, respectively. P values were
obtained using paired statistical tests. Statistically significant P values
are indicated with an asterisk (*P < .05, **P <.001).




Dandinoglu et al. Clinical and Electrophysiological Assessment of Peripheral Nerve Function

Anatol J Cardiol 2026; XX(X): 1-7

Table 3. Primary Analysis (Overall Cohort, n=107): Side-to-
Side Sensory Nerve Conduction Comparisons

Right Left P
2.71(215-5.05) 2.74(2.08-4.) 12

Median sensory
nerve latency

Median sensory 17.7 (2.86-48.60) 211(1.96-52) .42
nerve amplitude
Median sensory 4978 +7.43 51.30+ 698 .009**

nerve velocity

Ulnar sensory
nerve latency

214(1.77-3.75) 2.23(118-4.27) .44

Ulnar sensory
nerve amplitude

20 (16.40-5690)  21(15.5-59) 47

Ulnar sensory 54 (42-64) 56.5(46-68) 062
nerve velocity
Radial sensory 1.51(0.73-3.96) 1.46(094-3.78) .26

nerve latency

Radial sensory
nerve amplitude

2015 (14.5-66) 23.5(14.45-64) .004**

Radial sensory 5518 +7.21 64.82+724 .027*

nerve velocity

Values are presented as mean + standard deviation or median
(interquartile range), as appropriate. Right and left sides correspond to
the procedure side and contralateral side, respectively. P values were
obtained using paired statistical tests. Statistically significant P values
areindicated with an asterisk (*P < .05, **P <.001).

5). Lower sensory amplitude and conduction velocity were
observed on the procedure side, along with reduced radial
motor amplitude (P=.03, P=.042, and P=.04). Radial laten-
cies and median and ulnar NCS findings were similar on both
sides.

Despite these procedure-side differences in radial nerve
conduction parameters, correlation analyses demonstrated
no significant association between DN4 or LANSS scores and
radial sensory or motor nerve conduction findings (Table 6).

Table 4. Predefined Secondary Analysis Excluding CTS (n=91):
Side-to-Side Motor Nerve Conduction Comparisons

Right Left P
Median motor 310 (2.45-4.24) 3.05(2.31-4) .055
nerve latency
Median motor 9.7 (5.3-14.9) 8.80 (5.4-16.5) .061
nerve amplitude
Median motor 58 (49-74) 58 (52-71) .054
nerve velocity
Ulnar motor 2.45+0.38 2.35+0.43 .81
nerve latency
Ulnar motor 8.6 (5.6-12.7) 8.2(5.8-14) .66
nerve amplitude
Ulnar motor 55.3+5.6 56.7+6.3 .35
nerve velocity
Radial motor 2.20(1.25-2.98) 2.30(1.25-3.60) .24
nerve latency
Radial motor 3.2(1.5-7.4) 5.4 (3.69-79) .04*
nerve amplitude
Radial motor 66 (44-76) 62 (41-70) .65

nerve velocity

e 4

Table 5. Predefined Secondary Analysis Excluding CTS (n=91):
Side-to-Side Sensory Nerve Conduction Comparisons

Right Left P

Median sensory 2.6 (215-4.15) 2.51(2.08-31) .26
nerve latency

Median sensory 27 (20-48.60) 29 (22-52) .56
nerve amplitude

Median sensory 54.58 +5.23 53.5+5.54 .068
nerve velocity

Ulnar sensory 2.2(2.23-3.75) 2.05(118-3.70) .56
nerve latency

Ulnar sensory 23(2015-54) 23.45(20-59) .68
nerve amplitude

Ulnar sensory 54 (42-63) 55 (46-63) .07

nerve velocity

Radial sensory
nerve latency

1.65(1.63-396)  1.60(1.74-3.78) .32

Radial sensory 22 (19.5-66) 24.1(16.5-62) .03*
nerve amplitude
Radial sensory 5428 +7 62.56 +6.84 .042*

nerve velocity

Values are presented as mean + standard deviation or
median (interquartile range), as appropriate. Right and left
sides correspond to the procedure side and contralateral
side, respectively. P values were obtained using paired sta-
tistical tests. Statistically significant P values are indicated

with an asterisk.

No clinically evident procedure-related local complications,
including hematoma, extravasation, compartment syn-
drome, or complex regional pain syndrome, were observed
during postprocedural follow-up.

DISCUSSION

This prospective clinical study provides objective evidence of
peripheral nerve conduction changes following transradial
angiography. By combining detailed neurological examina-
tion, standardized neuropathic pain assessment scales, and
comprehensive NCS, procedure-side—predominant radial
nerve electrophysiological alterations were demonstrated,
despite the absence of motor or sensory deficits on clini-
cal examination. This study represents one of the few pro-
spective investigations systematically evaluating potential
peripheral nerve involvement after transradial angiography
using objective electrophysiological measures.

Table 6. Correlation Between Neuropathic Pain Scores and
Radial Nerve Conduction Parameters (n=91)

DN4 (r, P)
r=-014,P=18

LANSS (r, P)
r=-011,P=.27

Radial sensory
amplitude

Radial sensory velocity r=-0.09, P=.36 r=-013,P=.21

r=-017,P=.10 r=-015,P=14
Correlation analyses were performed using Spearman’s rank
correlation.

DN4, Douleur Neuropathique en 4 Questions; LANSS, Leeds
Assessment of Neuropathic Symptoms and Signs.

Radial motor amplitude
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In this study, patients with CTS (n=16) were not excluded
from the primary analysis in order to preserve the statistical
power of the ulnar and radial nerve conduction assessments.
As these conditions predominantly affect the median nerve
or reflect generalized neuropathy, their inclusion in the pri-
mary analysis enabled a more comprehensive evaluation of
non-median nerve conduction findings. To minimize poten-
tial confounding effects, a predefined secondary analysis
excluding these patients was subsequently performed. After
the second analysis, side-to-side differences in non-radial
nerveswerenolongerobserved, whereasradial nerve abnor-
malities persisted, supporting a radial nerve—specific effect
rather than a generalized or systemic neuropathic process.

The lack of correlation between DN4/LANSS scores and
nerve conduction parameters is consistent with clinical
experience. In carpaltunnel syndrome and other entrapment
neuropathies, symptoms may be prominent despite normal
or only mildly abnormal nerve conduction findings, whereas
electrophysiological abnormalities can also be detected
in patients with minimal or no symptoms.”™ Another pos-
sible explanation for the lack of correlation between neuro-
pathic symptoms and electrophysiological findings relates
to patient reporting behavior. Mild dysesthetic symptoms
such as numbness or tingling may be underrecognized or
underreported unless accompanied by more prominent com-
plaints like weakness or functional impairment. This ten-
dency may contribute to a dissociation between subjective
symptom reporting and objective neurophysiological find-
ings. Consistent with this observation, a systematic review
reported a pooled incidence of clinically documented nerve
damage after transradial access of 0.16%, while the pooled
incidence of sensory symptoms such as numbness or tingling
was 1.61%, with only 1study identifying radial nerve damage
(1/488; 0.25%)."9%°

In a paresthesia-focused cohort, most patients had no
pathological NCS findings. However, including patients
with diabetic polyneuropathy in the primary analysis may
have reduced sensitivity for subtle side-to-side differ-
ences because polyneuropathy tends to be bilateral and
symmetric.?’

A systematic review evaluating hand dysfunction after tran-
sradial artery catheterization reported a very low incidence
of clinically documented nerve damage and sensory symp-
toms such as numbness or tingling. Analyzed studies mostly
relied on symptom-based assessments or functional ques-
tionnaires, with limited use of objective neurophysiological
testing. Findings of this review suggest that while clinically
evident hand dysfunction after transradial access is uncom-
mon, mild or subclinical nerve conduction changes may
remain underrecognized without systematic electrophysi-
ological evaluation, as demonstrated in the present study.”

The pattern of electrophysiological changes observed in this
study—predominantly involving radial sensory nerve ampli-
tude and conduction velocity, as well as radial motor nerve
amplitude, withpreservedlatencies—may provideimportant
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clues regarding the underlying mechanism. Latency pro-
longation is typically associated with focal demyelination
or conduction block, whereas reductions in amplitude and
conduction velocity are more consistent with axonal dys-
function, impaired axonal recruitment, or transient ischemic
effects. In the context of transradial access, prolonged or
excessive local compression, edema, or microvascular com-
promise may preferentially affect axonal function without
causing apparent demyelination. Such mechanisms could
explain why amplitude- and velocity-based parameters
were more sensitive to procedure-related changes than
latency measures. This pattern is also in keeping with a mild
and potentially reversible form of nerve involvement rather
than a fixed structural nerve injury.™422

The procedure-side—predominant radial nerve conduction
changes observed in this study may be related to local fac-
tors inherent to transradial access rather than direct nerve
injury. Hemostasis after transradial angiography is com-
monly achieved using prolonged manual compression, elas-
tic bandaging, or dedicated radial compression devices.?®
While these methods are effective in preventing bleeding
and radial artery occlusion, excessive pressure, prolonged
compression duration, or suboptimal positioning may lead
to transient local nerve compression, microvascular compro-
mise, or perineuralischemia.In addition, access-site—related
complications such aslocal edema, minor hematoma forma-
tion, or contrast extravasation may contribute to subclini-
cal radial nerve involvement. Given the superficial course of
the radial nerve and its close anatomical relationship to the
radial artery at the wrist and forearm, the radial nerve may
be particularly vulnerable to these localmechanicalandisch-
emic factors. Radial artery occlusion (RAO) is another recog-
nized vascular complication after transradial access and has
been reported most frequently in the early post-procedural
period, although delayed cases have also been described.
While RAO is often clinically silent due to collateral circu-
lation, it may occasionally present with hand numbness or
vague pain, which may overlap clinically with symptoms
attributed to peripheral nerve involvement.?® Sensory com-
plaints of vascular origin generally show a broader and more
diffuse distribution, often involving the entire hand and
sometimes extending into the forearm. In such cases, numb-
ness or vague pain is typically poorly localized and may be
accompanied by additional findings such as color changes
or temperature asymmetry of the affected limb. In contrast,
sensory symptoms related to peripheral nerve involvement
tend to follow the anatomical distribution of the affected
nerve and are usually more clearly demarcated distally. Color
change or temperature difference isnot commonly observed
inisolated nerve dysfunction. The predominantly amplitude-
and velocity-based changes observed in the study, without
corresponding latency prolongation or clinical deficits, are
consistent with mild, potentially reversible conduction alter-
ations rather than apparent structural nerve injury.™142324.25

During follow-up, some patients continued to apply tight
wrapping or excessive protection to the procedure side
beyond the immediate post-procedural period. Insufficient
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discharge guidance regarding limb use, together with overly
protective patient behavior, may contribute to prolonged
local compression and transient radial nerve stress.

Study Limitations

There were several limitations to this study. This was a sin-
gle-center study, which may limit the generalizability of
the findings. Although electrophysiological changes were
observed on the procedure side, there was no clinically
apparent motor or sensory neuropathy, which makes it diffi-
cult todraw conclusions about their direct clinical relevance.
Because pre-procedural baseline nerve conduction studies
were not performed, direct intra-individual temporal com-
parison of the procedure side remains limited. In addition,
the findings observed may represent an early and potentially
reversible axonal response related to transient mechanical
stress, edema, or inflammatory changes following transra-
dial access. However, since long-term follow-up electro-
physiological assessments were not performed, it remains
unclear whether these changes persist or resolve over time.

Clinical Implications

Although no clinically evident neuropathy was detected,
procedure-side—predominant electrophysiological changes
suggest that transradial angiography may be associated
with mild radial nerve stress. These findings emphasize the
importance of careful post-procedural limb care, particu-
larly appropriate hemostasis and avoidance of unnecessar-
ily prolonged or tight compression, and may help clinicians
interpret post-procedural upper-extremity symptoms in the
absence of objective neurological deficits.
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