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Abstract

Background: Quality of life (QoL) after transradial access in diagnostic cerebral angiog-
raphy may be shaped by procedural demands as well as by the ambulatory setting itself.
This study, for the first time, prospectively explored this dimension through follow-up
assessments of QoL after the procedure. Methods: In this prospective study, QoL was
assessed using the 36-Item Short Form Survey (SF-36), including the Physical and Mental
Component Summary (PCS and MCS) as well as eight domain-specific subscales. After
right transradial cerebral angiography, the SF-36 questionnaire was administered at base-
line (pre-procedure), as well as at 1-month and 3-month follow-up visits. Mean PCS and
MCS values were analyzed over time using linear mixed-effects regression models. In
post hoc analyses, univariate and multivariable models were used to assess the influence
of potential confounders. For subgroup analysis, patients were classified as transient
deteriorators if PCS and/or MCS worsened by more than 0.5 SD at 1 month compared
with baseline but not at 3 months. Permanent deteriorators were defined as worsening
by more than 0.5 SD at both 1 month and 3 months compared with baseline. Results: A
total of 35 patients (62.9% female) were recruited over the 12-month study period, with a
mean age of 59.1 ± 10.1 years. No significant overall time effect was observed for mean
PCS and MCS (p = 0.970 and p = 0.076). MCS showed a significant increase at 1 month
compared with baseline (p = 0.046), with a trend toward significance at 3 months (p = 0.053).
In post hoc analyses, sex, neurosurgical status, and dose area product were associated
with MCS in univariate analyses (p < 0.05), but these associations did not persist after
multivariable adjustment. For PCS, only age showed a significant association in univariate
analysis (p < 0.05). In subgroup analyses, transient deterioration was more frequent in
PCS than in MCS (11.4% [95% CI 3.2–26.7%] vs. 5.7% [95% CI 0.7–19.2%]), and permanent
deterioration was also more common in PCS at 1- and 3-month follow-up (14.3% [95% CI
4.8–30.3%] vs. 8.6% [95% CI 1.8–23.1%]). Impairment predominantly involved the bodily
pain subscale (88.9% [95% CI 51.8–99.7%]) within PCS and the vitality (80.0% [95% CI
28.4–99.5%]) and mental health sub-scales (80.0% [95% CI 28.4–99.5%]) within MCS. Con-
clusions: This short-term follow-up assessment demonstrated preserved QoL following
transradial diagnostic cerebral angiography. Transient or permanent deterioration occurred
in no more than five patients per subgroup (14%). These findings support the notion that a
radial-first approach can be safely considered for diagnostic cerebral angiography without
compromising patient-reported outcomes.
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1. Introduction
Diagnostic cerebral catheter angiography continues to occupy a central position in

the evaluation of a broad range of neurovascular disorders [1–3]. Despite major advances
in non-invasive imaging technologies such as computed tomography angiography and
magnetic resonance angiography, conventional digital subtraction angiography remains
indispensable in many clinical scenarios. It provides unmatched spatial and temporal
resolution and serves as the reference standard for the assessment of complex vascular
lesions, including intracranial aneurysms, stenoses, arteriovenous malformations, and dural
arteriovenous fistulas. In numerous indications, it retains a crucial role in pre-interventional
planning, peri-procedural monitoring, and post-treatment surveillance [4,5].

In Neuroradiology, direct cervical carotid puncture was historically of primary impor-
tance but has recently seen a revival as a recognized alternative in patients with unfavorable
arotic arch anatomy undergoing mechanical thrombectomy for acute ischemic stroke [6].
The transfemoral approach has long been the predominant access route in neuroradio-
logical angiography [1]. It appears to be safe with a reported complication rate of 3.3%,
even when performed in an ambulatory setting [2]. Nevertheless, the higher risk of po-
tential puncture-site bleeding and ischemic complications remains the primary reason for
prolonged postprocedural immobilization and in some cases overnight observation [7].

In Cardiology, the transradial access has for more than a decade been recommended
as the first-choice arterial access in interventional procedures [8,9]. This recommendation is
supported by several large randomized multicenter trials demonstrating consistent benefits
in terms of safety and patient comfort compared with the transfemoral approach [9,10].
In recent years, the radial access has also been increasingly adopted for cerebral catheter
angiography [11–13]. The radial access is associated with lower rates of puncture site com-
plications and with consistent evidence for improved safety and patient comfort compared
with the transfemoral approach [14–18]. In addition, it enables immediate postprocedural
mobilization, which facilitates the transition from inpatient to outpatient care pathways
and may, in turn, contribute to greater organizational efficiency and improved cost effective-
ness [2,17,19]. Although its clinical advantages are well recognized and its use is steadily
increasing, the transradial access has not yet become established as standard practice in
cerebral angiography. Instead, its implementation remains heterogeneous and is still lim-
ited in many centers [20]. Although recent reports have identified potential risk factors
for puncture-related complications after cerebrovascular angiography via the transradial
approach like low body mass index [21] and even a single case report has described a
mediastinal hematoma following transradial cerebral angiography [22], these observations
alone do not fully account for the ongoing reluctance in clinical adoption. One possible
reason might be the influence of the transradial access on health-related quality of life [20].

Health-related quality of Life (QoL) was recently found to be potentially affected
after the transradial access in our own retrospective study [20]. In this former study, forty
patients underwent diagnostic cerebral angiography, and QoL was assessed retrospectively
using the SF-12 questionnaire. Applying the then-test approach, 12.5% of patients reported
feeling worse after the procedure and this subgroup exhibited significantly lower physical
and mental health scores. The transradial approach may exert a distinct influence on QoL
in cerebral angiography due to procedural demands, patient awareness, and the predomi-
nantly ambulatory setting. Unlike procedures performed under general anesthesia, patients
remain fully conscious during diagnostic cerebral angiography via radial access, which
may heighten psychological stress in technically challenging situations [17,23]. Even minor
postprocedural symptoms may affect perceived well-being, particularly when early discharge
and rapid return to self-care are expected. Although the transradial approach is generally
safe, transient vascular discomfort or temporary hand dysfunction may occur [24–27]. Taken
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together, these factors may subtly influence both the physical and mental dimensions
of QoL.

QoL is commonly evaluated using standardized patient-reported outcome instruments
that quantify different aspects of physical, psychological, and social functioning. Among
these, the 36-Item Short Form Health Survey (SF-36) is one of the most established and
comprehensive tools [28–30]. It covers eight health domains including physical functioning,
role limitations due to physical health, bodily pain, general health perceptions, vitality,
social functioning, role limitations due to emotional problems, and mental health which
together allow a differentiated characterization of both physical and mental health status.
In addition to the two composite indices, the Physical Component Summary (PCS) and the
Mental Component Summary (MCS), the availability of separate domain scores enables the
detection of subtle, domain-specific variations in functional capacity, perceived well-being,
and psychosocial resilience.

In contrast, the shorter 12-Item Short Form (SF-12) represents a condensed derivative of
the SF-36 in which several domains are aggregated into summary constructs [31,32]. While
the SF-12 is efficient and well suited for large-scale surveys or routine clinical screening, its
reduced item set offers less granularity, particularly with respect to role functioning, vitality,
and social participation. As a consequence, more nuanced or domain-specific fluctuations,
especially those occurring at the interface between physical strain, emotional stress, and
everyday functioning, may remain undetected when relying solely on SF-12 composite
scores [33].

The EQ-5D, by comparison, serves a different primary purpose. It is widely used
in health-economic and policy-oriented contexts because it allows the derivation of util-
ity values and quality-adjusted life years [34,35]. However, its structure, limited to five
dimensions and a single self-rated health index, provides a more global rather than multi-
dimensional representation of health status. While this makes the EQ-5D highly suitable
for cost-effectiveness analyses, it offers considerably less sensitivity to small but clinically
relevant changes in functional or psychosocial domains and is therefore less suited for
detailed clinical research questions in which patient experience and functional adaptation
are of central interest [36].

In longitudinal study designs with repeated measurements, instrument choice be-
comes particularly important, as potential intraindividual changes may occur gradually
and vary across domains rather than presenting as marked global decline [37,38]. From a
psychometric perspective, such settings require instruments with sufficient responsiveness,
that is, the ability to detect small but clinically meaningful changes over time and to dis-
tinguish them from measurement variability [33,37]. Compared with the SF-12, the SF-36
offers greater measurement depth within each domain and therefore higher responsive-
ness, particularly in areas such as vitality, social functioning, and role limitations due to
physical or emotional strain [37,39]. Its broader item coverage reduces the risk that subtle
yet clinically relevant changes are absorbed into aggregated summary scores; a limitation
that may arise more readily when using shorter instruments [39].

Moreover, repeated assessment across multiple SF-36 subscales permits the temporal
evolution of different health dimensions to be distinguished, allowing researchers to de-
termine, for example, whether changes primarily affect physical functioning, fatigue and
vitality, or psychosocial adjustment [40]. Such domain-specific trajectory patterns are less
accessible when relying solely on the SF-12, where several dimensions are condensed into
two summary indices and nuanced longitudinal trends may therefore remain obscured [37].
In this context, the SF-36 provides a more informative and fine-grained profile for longitu-
dinal analyses, enabling not only the detection of change, but also its localization within
specific components of health-related QoL.
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Therefore, the present study prospectively investigated health-related QoL after tran-
sradial diagnostic cerebral angiography using the SF-36. QoL was assessed at baseline
prior to the intervention and again at one- and three-month follow-up in order to obtain a
time-resolved perspective on patient-reported outcomes.

2. Materials and Methods
2.1. Study Design and Patient Selection

Since August 2020, the transradial access has been the primary access route for diag-
nostic cerebral catheter angiography at our institution. Our retrospective study evaluating
the QoL outcomes of patients who underwent transradial angiography was conducted
between January 2020 and March 2021 [20]. One year later, we initiated this prospective
survey, which was carried out between March 2022 and February 2023. Inclusion criteria
were age ≥ 18 years, non-pregnant status, cognitive ability to participate in the telephone
follow-up, and willingness to take part in the follow-up assessments. Exclusion criteria
were lack of written informed consent or absence of follow-up response; however, the latter
did not occur in our cohort. Prior to the scheduled procedure, eligible patients received
a postal invitation containing written study information and the SF-36 questionnaire. Pa-
tients who agreed to participate were asked to complete the SF-36 at home and bring the
completed questionnaire with them on the day of their diagnostic cerebral angiography
at our institution. These data were used as baseline QoL measurements. A standardized
questionnaire was completed by the performing neuroradiologist immediately after each
procedure. Follow-up interviews were conducted by telephone at 4 and 12 weeks after the
procedure. The study cohort has been previously published [41]. However, analyses of the
SF-36–based QoL data have not yet been reported. The study was conducted in accordance
with the Declaration of Helsinki and approved by the Institutional Review Board of the
University of Ulm (protocol code #420/21, approval date: 24 January 2022).

2.2. Transradial Approach

Proper positioning of the arm selected for transradial access is of critical importance
during diagnostic cerebral angiography. In our experience, provisional arm support con-
structed from towels or cushions is not suitable for centers that routinely perform, or intend
to routinely implement, transradial access. Instead, a stable and reproducible positioning
system is essential to ensure operator comfort, procedural safety, and optimal catheter
control. The following description refers rather exclusively to right-sided radial access,
which represents our institutional standard approach. A brief note on left-sided radial
access is provided at the end of the section; however, this approach was not required in any
of the patients included in the present study.

All procedures were performed with the patient in the supine position. The right
forearm was positioned in full supination and securely fixed on a dedicated carbon an-
giography arm board to ensure stable working conditions throughout the intervention
(Figure 1).

Radial artery access was obtained under sterile conditions. Approximately 10 mL
of local anesthetic (Prilocaine hydrochloride 10 mg/mL; Xylonest® 1%, Aspen Germany
GmbH, Munich, Germany) was injected subcutaneously at the puncture site to minimize
procedural pain and reduce the risk of radial artery vasospasm.

Neither routine ultrasound guidance for vascular access nor preprocedural assess-
ment of collateral circulation (e.g., Allen’s or Barbeau test) was performed as part of the
institutional standard protocol.
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Figure 1. Right forearm in full supination, secured on a carbon angiography arm board for stable
procedural positioning. The already placed 5-French Glidesheath Slender® (Terumo Germany GmbH,
Eschborn, Germany) is visible on the volar aspect of the wrist.

Radial puncture was performed by palpation using a 20-gauge needle, followed
by insertion of a 5-French Glidesheath Slender® (Terumo Germany GmbH, Eschborn,
Germany) using the Seldinger technique. Following confirmation of correct sheath position
using a DSA control run with contrast administration through the sheath, verapamil
(2.5 mg) and heparin (5000 IU) were administered intra-arterially over 2–3 min to prevent
vasospasm and thromboembolic events while minimizing systemic hypotensive effects.

Selective catheterization of the target vessels was performed using a 0.035′′ guidewire
and a diagnostic catheter, most commonly a 5-French Simmons-2 configuration. Continuous
flushing of the diagnostic catheter with heparinized saline was maintained throughout the
procedure to prevent thrombus formation.

Upon completion of angiography, hemostasis was achieved using a TR BAND® radial
compression device (Terumo Germany GmbH, Eschborn, Germany) (Figure 2). Gradual air
titration was applied to ensure patent hemostasis, and the device was slowly deflated over
approximately two hours before removal. Patients remained fully ambulatory during the
compression period.

For left radial artery access via a volar approach, the angiography arm board is
first positioned on the patient’s left side. The puncture is most safely performed using a
mirrored technique relative to right radial access. In the supine position, the left arm is
slightly abducted and placed on the arm board, and the operator positions her- or himself
on the patient’s left side.

Radial artery puncture is performed by palpation, followed by insertion of the radial
sheath using the Seldinger technique. After sheath placement, the forearm is repositioned
and brought across the patient’s abdomen. Dedicated support elements stabilize the elbow
dorsally to prevent inward rotation or return to the initial arm position.

For purely diagnostic angiographic procedures, distal radial access in the anatomical
snuffbox is particularly advantageous on the left side, as, compared with the volar wrist
puncture, it results in a less tortuous catheter course when the forearm is positioned across
the abdomen.

Although the left radial artery may be considered in selected anatomical or procedural
scenarios, a detailed description of left-sided radial positioning and access is beyond
the scope of this report, as left radial access was not required in any patient included in
this study.
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Figure 2. Hemostasis after the procedure was achieved using a TR BAND® radial compression device
(Terumo Germany GmbH, Eschborn, Germany).

2.3. Follow-Up Assessment by Structured Telephone Interview

The purpose of the interview was to evaluate health-related quality of life after angiog-
raphy using the patient-reported SF-36 questionnaire. Follow-up telephone assessments
were scheduled with all patients on the day of the intervention. The predefined follow-up
time points were 1 month and 3 months after the procedure. A tolerance window of up
to ±2 days around each time point (e.g., to account for weekends or public holidays) was
defined a priori and considered acceptable for follow-up completion.

The SF-36 is a validated, generic instrument for measuring health-related QoL across
a broad range of clinical and research contexts [28,42,43]. Compared with its abbreviated
derivative (SF-12), the SF-36 provides a more detailed representation of patient-reported
health status and functional impairment. This higher degree of granularity is particularly
advantageous in longitudinal study designs, in which subtle temporal changes in physical
and psychosocial functioning are of interest.

The instrument comprises eight domains: physical functioning, role-physical, bodily
pain, general health, vitality, social functioning, role-emotional, and mental health. These
domains may be analyzed individually and are additionally aggregated into two composite
indices, the Physical Component Summary (PCS) and Mental Component Summary (MCS).
All scores are norm-based and standardized to a population mean ± SD of 50 ± 10,
expressed on a 0–100 scale. Lower scores indicate greater health limitations, whereas higher
scores reflect better perceived health status [44,45].

In the present study, the SF-36 was administered as a patient-reported outcome mea-
sure within a structured telephone interview. The questionnaire was completed by trained
research staff, who read each item verbatim from a standardized script and documented
patient responses in real time.

SF-36 domain and summary scores were calculated in accordance with the standard-
ized scoring algorithms provided by the instrument developers, including item recoding,
z-transformation, and norm-based scoring procedures [28].
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2.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS Statistics (Version 30; IBM
Corp., Armonk, NY, USA) and SAS, version 9.4 (The SAS Institute, Cary, NC, USA).

Demographic characteristics (age, sex, BMI) and procedural variables (angiography
before/after endovascular treatment, radial access site, dose area product, total duration,
and fluoroscopy time) were summarized using descriptive statistics. Continuous variables
were reported as mean values with corresponding standard deviations (SD). Categorical
variables were presented as absolute frequencies and percentages.

Boxplots were used to visualize the distribution of MCS and PCS scores at baseline
and at 1 and 3 months follow-up. Individual trajectories were plotted to show the time
course of MCS and PCS.

All analyses were conducted as a complete-case analysis, as no missing data occurred
in the study cohort.

MCS and PCS scores were presented as means with corresponding SDs at baseline
and at 1- and 3-month follow-up. Longitudinal trajectories of PCS and MCS were modeled
using linear mixed-effects regression models including a subject-specific random effects to
account for within-subject correlation of repeated measures.

In a two-step post hoc analysis, the potential confounders age, sex, neurosurgical
status, BMI, DAP, total duration, and fluoroscopy time were included in the regression anal-
ysis. In the first step, univariate linear mixed-effects regression models were investigated
for PCS and MCS. Multiple (multivariable) linear mixed-effects regression models were
used in the second step for a simultaneously investigation of all significant confounder
from the first step. A two-sided p-value < 0.05 was considered statistically significant. Due
to the exploratory nature of this study, all results from statistical tests have to be interpreted
as hypothesis-generating. An adjustment for multiple testing was not performed.

For subgroup analyses, clinically relevant deterioration in health-related QoL was
defined a priori as a reduction of more than 0.5 SD from baseline in PCS or MCS scores.
This threshold was chosen in accordance with the findings of Norman et al. [46], who
demonstrated that, the minimal important difference in QoL measures approximates half
a SD. Based on this criterion, patients were classified as transient deteriorators if they
exhibited a more than 0.5 SD decline at 1 month but no longer met this threshold at
3 months. Permanent deteriorators were defined as those with a sustained more than
0.5 SD decline at both 1- and 3-month follow-up compared with baseline. Due to the
small number of deteriorators, results were presented as graphical individual trajectories.
The limited sample size within the respective subgroups precluded meaningful advanced
association analyses.

The eight PCS and MCS subscales were analyzed in the pooled group of deteriorators.
Within each component, a subscale was considered predominant if it showed a decline of
more than 0.5 SDs at 1-month follow-up compared with baseline in the largest proportion
of patients. For the PCS, the subscales Physical Functioning, Role Physical, bodily Pain,
and General Health Perception were evaluated. For MCS, the subscales Role Emotional,
vitality, mental health, and Social Functioning were assessed. If a comparable proportion
of patients demonstrated deterioration in more than one subscale within a component, all
respective subscales were reported as predominant.

3. Results
3.1. Study Sample

In total, 35 patients were prospectively enrolled during the 12-month study period
(mean age 59.1 ± 10.1 years; 63% female). All procedures were performed via right radial
artery access, with 86% representing follow-up examinations after prior endovascular or
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neurosurgical treatment. After sheath placement, digital subtraction angiography of the
access site was routinely performed; no dissection or perforation was detected. Access-
site complications were systematically documented by the treating neurointerventionalist
immediately after the procedure; no relevant hematoma or vasospasm was observed. No
patient required repeat digital subtraction angiography during the follow-up period. Only
one patient was left-handed, while all others were right-handed. Most procedures (30/35,
85.7%) were conducted in a follow-up setting after prior endovascular or neurosurgical
treatment, with all interventions performed via transfemoral access. Clinical and procedure-
specific characteristics are summarized in Table 1.

Table 1. Patients’ characteristics and procedural variables.

Variable Total (n = 35)

Age (years) 1 59.1 ± 10.1

Sex (f/m) 2 22/13 (62.9%/37.1%)

Angiography before/after endovascular treatment 3 4/31

Radial access site (right/left) 35/0

BMI (kg/m2) 4 27.9 ± 5.3

DAP (µGym2) 5 3515.2 ± 2812.0

Total duration (minutes) 6 22.2 ± 11.7

Fluoroscopy time (minutes) 7 8.5 ± 4.6
1 Mean ± standard deviation. 2 female/male. 3 Number of patients before/after endovascular treatment. 4 Body
mass index. 5 Dose area product. 6 Total duration of the procedure in the angiosuite. 7 Fluoroscopy time of the
procedure in the angiosuite.

3.2. Follow-Up Assessment of SF-36 Using Linear Mixed-Effects Models

No significant overall time effect was observed for mean PCS and MCS (p = 0.970 and
p = 0.076, respectively). However, MCS increased significantly at 1 month compared with
baseline (45.5 ± 10.6 vs. 50.2 ± 9.0; p = 0.046), with a trend toward significance at 3 months
compared to baseline (50.1 ± 9.7; p = 0.053). In contrast, mean PCS remained stable over
time, with no significant changes from baseline to 1-month (45.7 ± 9.0 vs. 45.9 ± 7.9;
p = 0.908) or 3-month follow-up (46.2 ± 8.8; p = 0.806). The longitudinal courses of PCS and
MCS are illustrated in Figure 3.

Figure 3. Longitudinal SF-36 assessment from baseline to 1- and 3-month follow-up. (A) Boxplots of
the Physical Component Summary (PCS). (B) Boxplots of the Mental Component Summary (MCS).
Mean MCS scores increased at 1 month compared with baseline (p = 0.046), with a trend toward
significance at 3 months (p = 0.053). No significant changes over time were observed for PCS.
Abbreviations: PCS, Physical Component Summary; MCS, Mental Component Summary.
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Post hoc analyses of MCS showed that sex, angiography before/after endovascular
treatment, and DAP were significantly associated with MCS in univariate models, while
fluoroscopy time showed a borderline association (Table 2). However, in the multivariable
analysis adjusting for potential confounders, none of these variables remained statistically
significant. Exclusion of fluoroscopy time from the multivariable model did not materially
change these findings.

Table 2. Post hoc univariate and multivariable analysis of MCS adjusted for confounders.

Variable Univariate
Model β (SE) p-Value Multivariable

Model β (SE) p-Value

Multivariable Model β
(SE)

(Without
Fluoroscopy Time)

p-Value

Age 0.006 (0.096) 0.948 – – – –

Sex 4.608 (1.935) 0.019 2.394 (2.153) 0.269 2.412 (2.108) 0.255

Angiography
before/after

endovascular
treatment

8.962 (2.886) 0.003 5.043 (3.902) 0.199 5.055 (3.873) 0.195

BMI 0.185 (0.182) 0.310 – – – –

DAP −0.001 (0.000) 0.002 −0.001 (0.001) 0.406 −0.000 (0.000) 0.307

Total duration −0.108 (0.082) 0.191 – – – –

Fluoroscopy time −0.410 (0.209) 0.053 0.014 (0.288) 0.962 – –

Post hoc univariate and multivariable analyses were performed to assess factors associated with the mental
component summary (MCS). Variables with p < 0.05 in univariate analysis were included in the multivariable
model. An additional multivariable model excluding fluoroscopy time was calculated due to its borderline
significance in univariate analysis. β denotes the regression coefficient and SE the standard error. Bold values
indicate statistical significance (p < 0.05). Abbreviations: MCS, mental component summary; SE, standard error;
DAP, dose area product; BMI, body mass index.

For the physical component score (PCS), only age was significantly associated with
PCS in univariate analysis, whereas all other variables showed no significant associations.
Therefore, no multivariable model was performed for PCS (Table 3).

Table 3. Post hoc univariate analysis of PCS adjusted for confounders.

Variable Univariate Model β (SE) p-Value

Age −0.227 (0.081) 0.006

Sex −2.908 (1.721) 0.094

Angiography before/after
endovascular treatment 3.880 (2.622) 0.142

BMI −0.236 (0.158) 0.140

DAP −0.000 (0.000) 0.247

Total duration −0.031 (0.073) 0.674

Fluoroscopy time −0.271 (0.185) 0.147
Post hoc univariate analyses were performed to assess factors associated with the physical component summary
(PCS). Only age showed a statistically significant association with PCS, while all other variables were not
significant. Therefore, no multivariable model was performed. β denotes the regression coefficient and SE the
standard error. Bold values indicate statistical significance (p < 0.05). Abbreviations: PCS, physical component
summary; SE, standard error; DAP, dose area product; BMI, body mass index.

Subgroup Analyses of Transient and Permanent Deteriorators

Transient deterioration was slightly more frequent in PCS than in MCS (11.4% [95% CI
3.2–26.7%] vs. 5.7% [95% CI 0.7–19.2%]). At the 1-month follow-up, PCS scores decreased

https://doi.org/10.3390/diagnostics16091292

https://doi.org/10.3390/diagnostics16091292


Diagnostics 2026, 16, 1292 10 of 16

by 4.8, 6.3, 6.4, and 6.8 points, while MCS scores decreased by 13.4 and 15.4 points compared
with baseline.

Permanent deterioration was also more common in PCS than in MCS at both 1- and
3-month follow-up (14.3% [95% CI 4.8–30.3%] vs. 8.6% [95% CI 1.8–23.1%]). PCS scores
decreased in the five individual patients from baseline to 1 month (baseline to 3 months)
by 12.1 (26.7), 6.7 (6.8), 28.0 (9.9), 7.2 (9.4), and 19.7 (17.9) points, respectively. In the
three individual patients, MCS scores showed decreases of 8.6 (31.1), 9.2 (9.2), and 15.1
(12.5) points from baseline to 1 month (baseline to 3 months), respectively. Individual
trajectories are illustrated in Figure 4. Mean (SD) scores for the remaining patients at
baseline, 1 month, and 3 months were 44.1 (10.6), 51.7 (8.5), and 51.0 (8.5) for MCS and 43.9
(8.8), 47.9 (6.1), and 47.2 (8.4) for PCS.

Figure 4. Individual trajectories divided into PCS (physical component summary), (A) and MCS
(mental component summary), (B) showing transient deteriorators (orange line), permanent dete-
riorators (blue dashed line) and mean scores for the remaining patients (one black line). Transient
deterioration was defined as a more than 0.5 SD decline at 1 month but not at 3 months compared
with baseline; permanent deterioration as a more than 0.5 SD decline at both time points.
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Impairment predominantly involved the bodily pain subscale (89% [95% CI 51.8–
99.7%]) within PCS and the vitality (80.0% [95% CI 28.4–99.5%]) and mental health subscales
(80.0% [95% CI 28.4–99.5%]) within MCS (Table 4).

Table 4. Subscale-specific distribution of impairment within PCS and MCS (SF-36).

PCS 1 Relative
Frequency 95% CI MCS 2 Relative

Frequency 95% CI

Physical
Functioning 33.3% 7.5–70.1% Emotional Role

Limitation 40.0% 5.3–85.3%

Physical Role
Limitation 55.6% 21.2–86.3% Vitality 80.0% 28.4–99.5%

Bodily Pain 88.9% 51.8–99.7% Mental Health 80.0% 28.4–99.5%

General Health
Perception 55.6% 21.2–86.3% Social

Functioning 20.0% 0.5–71.6%

Relative frequencies of impairment in individual SF-36 subscales within 1 PCS (Physical Component Summary)
(n = 9) and 2 MCS (Mental Component Summary) (n = 5), presented with 95% Clopper-Pearson exact confidence
intervals (CI).

4. Discussion
Quality of life was prospectively assessed using the SF-36 questionnaire before transra-

dial access for cerebral diagnostic catheter angiography and at 1- and 3-month follow-up.
No significant overall time effect was observed for mean PCS or MCS. However, MCS
increased significantly at 1 month compared with baseline, with a trend toward significance
at 3 months. In a small subgroup of up to five patients (14%) transient or permanent
worsening of QoL occurred, predominantly affecting bodily pain, vitality and mental
health subscales.

In the present study, the prospective design enabled, for the first time in the neuroradi-
ology literature, a longitudinal evaluation of health-related QoL scores with baseline data
obtained prior to transradial access. At baseline, SF-36–derived MCS and PCS scores were
comparable to previously reported values in patients with neurovascular diseases. Pala
et al. [47] reported PCS and MCS scores of 43.7 and 45.1, respectively, after treatment of
unruptured intracranial aneurysms in 79 patients. Similarly, Dammann et al. [48] reported
PCS and MCS scores of 48.6 and 50.3 after treatment of unruptured aneurysms, while
Dandurand et al. [49] found corresponding scores of 46.2 and 47.1. In our cohort, baseline
PCS and MCS scores were similar, at 45.7 and 45.1, respectively.

While PCS scores did not show a statistically significant change over the observation
period in the linear mixed-effects regression model analysis, MCS scores increased signifi-
cantly between baseline and the 1-month follow-up, with a similar trend observed at the
3-month follow-up. To further explore potential factors influencing these findings, post hoc
analyses were performed. In these analyses, several variables were associated with MCS in
univariate models. However, these associations did not persist after multivariable adjust-
ment, suggesting that the observed changes in MCS are not attributable to specific factors.
For PCS, only age showed a significant association in univariate analysis, suggesting the
absence of independent associations.

These findings are consistent with results reported in the cardiology literature. Cooper
et al. [50] also observed improved QoL one week after a transradial procedure in 101 pa-
tients using the SF-36. Similarly, studies assessing QoL after transradial access have
demonstrated improved QoL at follow-up visits, e.g., in patients with ST-segment elevation
myocardial infarction [51–53]. One potential explanation for the observed postprocedural
improvement may be the presence of response bias [54]. Patients may underreport per-
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sisting symptoms at follow-up evaluations, particularly when the overall outcome, such
as successful treatment of an intracranial aneurysm, is perceived positively. Consistent
with previous studies, we did not systematically assess patients’ subjective appraisal of
the diagnostic procedure itself, even though the majority of patients in our cohort (86%)
underwent angiography as part of routine follow-up after prior endovascular or neurosur-
gical treatment.

In the current study, subgroup analyses identified a relatively small number of pa-
tients with transient or permanent deterioration in QoL, affecting both PCS and MCS
scores. These findings were limited to very few individual cases, ranging from two to
five patients per subgroup. Similarly, in our previous retrospective study using the SF-12
questionnaire, we observed a small number of patients (12.5%) who rated their health
status as worse following the procedure [20]. Roczniak et al. [55] reported that brachial
access was associated with more frequent self-care difficulties compared with radial and
femoral access after invasive cardiology procedures. In the present study, subscale analysis
of the SF-36 revealed that impairment was most frequently observed in the bodily pain
domain (89%), as well as in the vitality and mental health domains (80% each). The latter
two domains may indicate an underlying psychological or mental strain, while the former
could also be related to wrist deterioration, a potential complication previously described
in association with transradial access [26,27,41,56].

An increasing number of technical and procedural investigations are contributing
to the expanding body of evidence on transradial access in neuroradiology. Although
our experience did not confirm this, ultrasound-guided puncture has been shown to de-
crease access failure rates [57] and is standard practice in many institutions. Alternative
approaches include distal versus proximal radial access, ulnar access, and right- versus
left-sided access routes [58–62]. In contrast, the benefit of heparin administration during
transradial neuroangiography remains a matter of debate [63,64], despite its routine use in
our institution. Pharmacological vasospasm prophylaxis, such as intra-arterial papaver-
ine, a direct smooth muscle relaxant, is under investigation [65]. We consider routine
vasospasm prophylaxis advisable, which may have contributed to the absence of vascular
complications (0%) in our study population.

This study was not without limitations. First, the relatively small sample size limited
the generalizability of the findings. However, given the exploratory nature of this study
and its aim to investigate potential effects of transradial access on QoL, the sample size
appears acceptable. To our knowledge, this is the first study in the field of neurointer-
vention to address this question prospectively, and the present findings build upon and
extend our previous retrospective investigations [20]. Second, the assessment of quality of
life relied on patient-reported measures and may therefore be subject to response bias, an
inherent limitation of questionnaire-based outcome evaluation. Moreover, the absence of
staff blinding may have further influenced patient-reported outcomes through subtle inter-
actions or expectations, thereby introducing an additional source of bias in the evaluation
of quality of life. Third, although objective assessments such as duplex ultrasound might
have allowed further correlation analyses, this modality is not routinely performed in our
clinical practice. Importantly, digital subtraction angiography of the access site showed
no vascular injury, and no crossover to transfemoral access occurred. Thus, the additional
diagnostic value of routine ultrasound in this context is likely limited. Larger prospective
studies incorporating objective assessments and comparisons with alternative approaches,
such as transfemoral access, are warranted to further strengthen the evidence base. Such
investigations would help to confirm and refine the present findings within a more robust
methodological framework.

https://doi.org/10.3390/diagnostics16091292

https://doi.org/10.3390/diagnostics16091292


Diagnostics 2026, 16, 1292 13 of 16

5. Conclusions
Over the 3-month follow-up period, health-related QoL remained stable after transra-

dial diagnostic cerebral angiography, with no significant overall decline in PCS or MCS
SF-36 scores. Transient or permanent worsening was observed in a small number of cases,
involving no more than five patients per subgroup, and predominantly affecting the bodily
pain, vitality, and mental health domains. Consequently, the present results lend further
support to a radial-first strategy for diagnostic cerebral angiography.
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