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Simple Summary: Cancer patients frequently require specific types of catheters, such
as peripherally inserted central catheters (PICCs) and midline catheters, to facilitate the
administration of chemotherapy and other treatments. However, these devices can lead
to complications like infections, accidental dislodgement, or the need for replacement.
During the COVID-19 pandemic, hospitals faced challenges such as fewer outpatient
services and reduced specialized staff, which may have increased these complications.
This study examined how often these problems occurred in cancer patients during and
after the pandemic. The results showed that catheter-related complications were more
frequent during the pandemic, especially infections. Afterward, complications significantly
decreased, highlighting the importance of proper catheter management and continuous care.
These findings underline the necessity of robust healthcare systems, infection prevention
strategies, and remote monitoring to ensure safer treatment for cancer patients, including
during future health crises.

Abstract: Background: Peripherally Inserted Central Catheters (PICCs) and midline catheters
are crucial for chemotherapy and supportive care in cancer patients. Their use requires
ongoing monitoring to prevent late complications such as infections, dislodgements, and
replacements. The COVID-19 pandemic challenged healthcare systems, potentially increas-
ing these complications due to reduced outpatient services and limited specialized per-
sonnel. Objectives: This study compared the incidence of late complications associated
with PICCs and midline catheters in cancer patients during and after the COVID-19 pan-
demic. Methods: A retrospective observational study was conducted at a Cancer Cen-
ter in Italy from March 2020 to April 2024. Catheter-related complications were divided
into two cohorts: during the pandemic (March 2020–March 2022) and post-pandemic
(April 2022–April 2024). The primary outcome was the incidence of late complica-
tions requiring device removal, categorized as infections, dislodgements, and replace-
ments. Statistical analyses included the Chi-squared test for categorical variables and the
Kruskal–Wallis test for continuous variables. Results: Of 4104 PICC and midline catheter
placements, 2291 removals were recorded, with 550 (24%) due to late complications—404
during the pandemic and 146 post-pandemic (p < 0.001). Suspected infections were the
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most frequent complication, significantly higher during the pandemic (p < 0.001). Dis-
lodgements and replacements also decreased markedly post-pandemic. Limited outpatient
services and disrupted healthcare workflows likely contributed to higher complication rates
during the pandemic. Conclusions: The COVID-19 pandemic negatively impacted catheter
management in cancer patients, increasing late complications. The post-pandemic decline
highlights the importance of consistent care, infection prevention, remote monitoring, and
stronger healthcare resilience to reduce risks in future crises.

Keywords: catheter-related complications; COVID-19; PICC; midline; neoplasms; nursing

1. Introduction
The use of Peripherally Inserted Central Catheters (PICCs) and midline catheters has

become a cornerstone in the delivery of chemotherapy and supportive care for cancer
patients [1,2]. These devices provide a reliable method of venous access, essential for
administering prolonged treatments both within hospital and home settings [3,4]. Despite
the clinical advantages of these devices, their management requires continuous monitor-
ing to prevent late device-related complications, such as infections, dislodgements, and
replacements [5–7]. These complications can result in treatment interruptions, increased
morbidity, higher healthcare costs, and significant risks to patient safety [8,9].

Reported overall incidence rates for these complications are 15.9% for infections,
34% for thrombosis, and 40.7% for mechanical complications [10–12]. The rate of
PICC-related bloodstream infections (BSIs) has been estimated at 2.1 per 1000 catheter
days in hospitalized patients and 1.0 per 1000 catheter days in outpatient settings [13,14].
Recent investigations indicate that PICCs may be associated with a lower incidence of BSIs
when compared to other types of central venous catheters (CVCs) [15–17]. However, the
findings by Chopra et al. (2013) [18] suggest that when infection rates are standardized per
catheter day, the incidence of BSIs associated with PICCs is comparable to that of CVCs.

Such variability in reported outcomes may be attributable to differences in patient
populations (e.g., oncology) and types of infused therapies, including parenteral nutrition
or long-term antibiotic administration. Additionally, the healthcare setting itself appears to
be a significant determinant of PICC-related complication rates [16,18,19]

The onset of the COVID-19 pandemic in early 2020 posed unprecedented challenges to
healthcare systems globally [20,21]. Cancer patients faced heightened risks during this pe-
riod due to their condition of immunosuppression that makes them particularly vulnerable
to infections [22]. The imperative for stringent infection control measures, coupled with the
redirection of healthcare resources towards managing COVID-19 cases, severely disrupted
routine medical services [23,24]. Limited access to outpatient care and reduced availabil-
ity of specialized personnel for device management likely exacerbated catheter-related
complications [25,26]. While previous research has explored various aspects of healthcare
disruptions caused by the pandemic, studies specifically addressing complications related
to venous access devices in cancer care are lacking [27,28]. This is critical as empirical
data on the impact of the COVID-19 pandemic on cancer patients are essential to inform
the development of robust strategies aimed at improving patient outcomes and ensuring
continuity of care during future health emergencies.

However, despite the attention paid to the impact that COVID-19 has had on a global
level, there are gaps in the correlation between this period and complications related to
these devices.
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This study seeks (1) to describe the incidence of late complications associated with
PICCs and midline catheters in cancer patients; (2) to provide a comparative analysis of
such complications during and after the COVID-19 pandemic period; and (3) to describe
the patient characteristics associated with such complications.

2. Materials and Methods
2.1. Ethics Statement

The study was approved by the Research Ethics Committee of Palermo (Protocol
number PICC 00Vr1.30.05.2023 n◦06/2023).

2.2. Study Design

This retrospective observational study was conducted at a Cancer Center in Italy to
compare the incidence of late complications associated with Peripherally Inserted Central
Catheters (PICCs) and midline catheters in cancer patients during the COVID-19 pandemic
and the post-pandemic period. Data were collected retrospectively from medical records,
capturing patients’ demographic details including age and gender, cancer types, presence of
metastases, comorbidities, and information on catheter placements and removals. The out-
comes were the incidence of late complications necessitating device removal, categorized as
infections, dislodgements, or replacements, the comparison between late complications oc-
curring during and after the COVID-19 pandemic, and the patient and device characteristics
associated with complications.

2.3. Current Strategies for These Complications’ Prevention

All devices were inserted under ultrasound guidance, with placement confirmed
via intracavitary ECG, and the procedures were conducted in a protected clinical envi-
ronment. The catheters used in the study were made of medical-grade polyurethane, a
material chosen for its excellent biocompatibility, mechanical strength, and flexibility. This
composition allowed for optimal hemodynamic performance, supporting high flow rates
while ensuring patient comfort and minimizing the risk of vascular injury. Medical-grade
polyurethane catheters were used for their biocompatibility, strength, and flexibility, en-
suring high flow rates, patient comfort, and reduced vascular injury. Their configuration
supported various therapies, including vesicant agents, parenteral nutrition, and repeated
blood sampling [29].

Infection prevention was ensured through strict adherence to aseptic technique during
catheter insertion, including the use of maximal sterile barriers (sterile gloves, gown,
mask, cap, and large sterile drape) and meticulous skin antisepsis with a chlorhexidine-
alcohol solution [30]. Hand hygiene remains a fundamental component of both insertion
and maintenance procedures [31]. Moreover, ultrasound-guided insertion has become
standard practice in many clinical settings, significantly reducing the risk of mechanical
complications and enabling accurate catheter tip positioning—an essential factor in the
prevention of thrombosis [32].

To mitigate the risk of thrombotic events, current guidelines emphasize optimal tip po-
sitioning at the cavo-atrial junction, avoidance of catheter malposition, and the selection of
the smallest appropriate catheter gauge. In addition, maintenance protocols—such as regular
flushing using a standardized start-stop technique, utilization of needle-free connectors and
disinfection caps, and timely management of catheter occlusions—are critical for reducing both
thrombotic and infectious complications. Evidence from the literature supports that the interval
between dressing changes should not exceed 10 days [24,29].
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2.4. Catheter-Related Late Complications

These devices are widely used for intermediate to long-term intravenous therapy
but are often linked to complications that may affect treatment efficacy and patient safety.
Ref. [33] Occlusion is among the most frequent issues, typically caused by intraluminal
thrombus, fibrin sheath formation, or drug precipitates. This can partially or fully block the
catheter, impairing flow and requiring in persistent cases, catheter replacement. Dislocation
occurs when the device is unintentionally moved from its original position due to patient
activity, poor securement, or dressing failure. Even slight displacements can affect function,
raise infection risk, or cause inaccurate drug delivery [34,35]. Tip migration refers to
the movement of the catheter tip due to intrathoracic pressure shifts, arm motion, or
inadequate fixation. Migration into smaller veins or the atrium may trigger arrhythmias,
poor drug distribution, or thrombosis [36]. Infection is a major concern, with colonization,
occurring via intra- or extraluminal routes. Biofilm formation reduces antibiotic efficacy,
often requiring catheter removal. Immunocompromised patients are especially at risk
of bloodstream infections [14,30]. Replacement may be needed in cases of persistent
occlusion, infection, or mechanical failure. Venous thrombosis is a serious and often silent
complication. Risk factors include vein-to-catheter size mismatch, endothelial damage,
and hypercoagulable states. Symptoms may include arm swelling, pain, or dysfunction.
Thrombosis can cause long-term vein damage and limit future access, making prevention
and early detection critical [29,37].

2.5. Patient Selection

The study population comprised adult cancer patients admitted to hospital wards
who received PICC or midline insertions between March 2020 and April 2024. During
this period, this cancer center was identified as a COVID-19-free hospital. In line with
the national contingency decrees, all patients were screened with an oropharyngeal swab
before entering the hospital and were admitted if negative and wearing an FFP2 mask.

Inclusion criteria required patients to be aged 18 or older, with a confirmed cancer
diagnosis, and to have undergone at least one PICC or midline insertion during the study
period. Patients whose devices were removed for reasons other than late complications,
such as the completion of therapy, were excluded.

Patients were divided into two groups based on the end of the pandemic emergency
in Italy. Group 1 included patients who received devices between March 2020 and March
2022 (pandemic phase), while Group 2 comprised those treated between April 2022 and
April 2024 (post-pandemic phase). This allowed a clear comparison of complication rates
before and after the easing of pandemic-related restrictions and the resumption of regular
healthcare services.

2.6. Statistical Analysis

Statistical analyses were conducted using descriptive and inferential methods to evaluate
the temporal distribution, participant characteristics, catheter characteristics, and adverse events
within the study cohort. Continuous variables were assessed for normality using the Shapiro-
Wilk test and visual inspection of the residuals. For non-normally distributed data, median, and
interquartile range (IQR) were used to summarize central tendency and dispersion. Categorical
data were expressed as counts (n) and percentages (%). For categorical data, the Chi-squared
(χ2) test was used to assess associations. When expected frequencies were too low for the Chi-
squared test, Fisher’s exact test was applied. In cases where Fisher’s test was computationally
infeasible, p-values were estimated using the Monte Carlo simulation method. For continuous
variables, the Kruskal–Wallis ANOVA was utilized to detect differences between groups, as these
variables were not normally distributed. When the Kruskal–Wallis test identified significant
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differences, pairwise post-hoc comparisons were performed using Dunn’s test with Bonferroni
correction to adjust for multiple comparisons. A significance threshold of p < 0.05 was applied
across all analyses. Statistical analyses were conducted using R 4.3.3 [38].

3. Results
3.1. Sociodemographic and Clinical Patients’ Characteristics

The patients included in the study who had their catheter removed due to late compli-
cations (n = 550) were predominantly female (n = 314, 57.1%), mostly admitted to oncology
wards (n = 227, 41.3%), and primarily diagnosed with leukemia or lymphoma (n = 260,
47.6%). Metastatic disease was observed in 223 patients (40.5%) (Table 1).

Table 1. Characteristics of patients (n = 550) and devices (PICCs and Midlines).

Variables Value

Gender
Female 314 (57.1%)
Male 236 (42.9%)

Age M [IQR] 63 years [17.75]
Education

Middle school 261 (47.5%)
High school 157 (28.5%)

Bachelor 40 (7.3%)
Hospital ward

Oncology 227 (41.3%)
Hematology 174 (31.7%)

Transplantation and Bone-Marrow Oncology 71 (12.9%)
Other 77 (14.1%)

Cancer diagnosis
Leukemia/Lymphoma 260 (47.6%)

Digestive system cancers 121 (22.2%)
Breast cancer 81 (14.8%)

Head and neck cancers 26 (4.7%)
Metastatic disease

Present 223 (40.5%)
Absent 327 (59,5%)

Home care §
No 336 (62.1%)
Yes 205 (37.8%)

Indication for device insertion
Chemotherapy 518 (94.1%)

DIVA 31 (5.58%)
Parenteral Nutrition 1 (0.2%)
In-Hospital insertion

No 49 (8.9%)
Yes 501 (91.1%)

Device caliber
4 French 516 (93.8%)
5 French 34 (6.2%)

Number of lumens
Mono-lumen 524 (95.3%)

Bi-lumen 26 (4.7%)
Vein

Basilic 353 (64.2%)
Brachial 189 (34.4%)
Cephalic 8 (1.4%)

Arm
Left 193 (35.1%)

Right 357 (64.9%)
Legend: § = care provided at home by nurses of the Cancer Center; DIVA = Difficult Intravenous Access;
IQR= Interquartile range.
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3.2. Vascular Access Devices

During the study period, a total of 4104 new catheter placements and 2291 removals
were documented. Among these removals, 550 (24%) were due to late complications.
Temporal distribution of patients with catheters removed due to late complications across
the study period shows the highest frequency in 2021, with 153 cases (27.8%). This was
followed by 2020, which recorded 130 cases (23.6%). There was a slight decline in subse-
quent years: 121 cases in 2022 (22%) and 124 cases in 2023 (22.5%). The year 2024 exhibited
a marked decrease, with only 21 cases reported (3.8% of the cohort).

Most patients (n = 491, 89.3%) received peripherally inserted central catheters (PICC)
while Midline catheters were used in 10.7% (n = 59). The median duration of vascular access
placement was 126.5 days (IQR: 196), and the median duration of medication administration
was 7 days (IQR: 0). Vascular access characteristics are detailed in Table 2.

Table 2. Multi-Year Comparisons and Post-hoc Comparisons of Medication Duration.

Variable 2020 2021 2022 2023 2024 p-Value

Sex
Male 59 (45.4%) 74 (48.4%) 56 (46.3%) 39 (31.5%) 7 (33.3%)

0.035 *Female 71 (54.6%) 79 (51.6%) 65 (53.7%) 85 (68.6%) 14 (66.7%)
Educational Level

First School 26 (20.2%) 20 (13.1%) 20 (16.5%) 22 (17.7%) 3 (14.3%)

0.663
Middle school 55 (42.6%) 73 (47.7%) 60 (49.6%) 63 (50.8%) 9 (42.9%)
High school 38 (29.5%) 49 (32.0%) 29 (23.9%) 32 (25.8%) 9 (42.8%)

Bachelor’s Degree 10 (7.7%) 11 (7.2%) 12 (9.9%) 7 (5.6%) 0 (0.0%)
Home care n (%)

No 70 (53.8%) 58 (38.4%) 79 (65.3%) 108 (92.3%) 20 (95.2%)
<0.0001 ***Yes 60 (46.1%) 93 (61.6%) 42 (34.7%) 9 (7.7%) 1 (4.8%)

Vascular Access
n (%)

Midline 15 (11.5%) 20 (13.0%) 15 (12.4%) 6 (4.8%) 3 (14.3%)
0.125PICC 115 (88.5%) 133 (86.9%) 106 (87.6%) 118 (95.2%) 18 (85.7%)

Indication for
insertion (%)

Chemotherapy 128 (98.5%) 149 (97.4%) 115 (95.0%) 107 (86.3%) 18 (85.7%)
0.003 **DIVA 2 (1.5%) 4 (2.6%) 6 (4.9%) 16 (12.9%) 3 (14.3%)

Parenteral Nutrition 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (0.81%) 0 (0.0%)
In-Hospital insertion

n (%)
No 18 (13.8%) 10 (6.5%) 9 (7.4%) 12 (9.7%) 0 (0.0%)

0.154Yes 112 (86.1%) 143 (93.5%) 112 (92.6%) 112 (90.3%) 21 (100.0%)
Caliber n (%)

4 French 127 (97.7%) 148 (96.7%) 109 (90.1%) 113 (91.1%) 18 (85.2%)
0.008 **5 French 3 (2.3%) 5 (3.3%) 12 (9.9%) 11 (8.9%) 3 (14.2%)

Lumen n (%)
Mono-lumen 128 (98.5%) 147 (96.0%) 108 (89.2%) 121 (97.6%) 19 (90.5%)

0.003 **Bi-lumen 2 (1.5%) 6 (4.0%) 13 (10.7%) 3 (2.4%) 2 (9.2%)
Vein n (%)

Basilic 85 (65.4%) 107 (70.0%) 68 (56.2%) 77 (62.1%) 15 (71.4%)
0.125Brachial 42 (32.3%) 44 (28.7%) 51 (42.1%) 47 (37.9%) 5 (23.8%)

Cephalic 3 (2.3%) 2 (1.3%) 2 (1.6%) 0 (0.0%) 1 (4.7%)
Arm n (%)

Left 36 (27.7%) 51 (33.3%) 49 (40.5%) 44 (35.5%) 13 (61.9%)
0.013 *Right 94 (72.3%) 102 (66.6%) 72 (59.5%) 80 (64.5%) 8 (38.1%)

Complications
n (%)

Dislocation 29 (22.3%) 33 (21.6%) 18 (14.8%) 40 (32.3%) 5 (23.8%)

<0.0001 ***

Mechanical injury 7 (5.4%) 3 (2.0%) 3 (2.4%) 1 (0.8%) 0 (0.0%)
Tip migration 3 (2.3%) 2 (1.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Occlusion 25 (19.2%) 40 (26.1%) 19 (15.7%) 21 (16.9%) 7 (33.3%)
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Table 2. Cont.

Variable 2020 2021 2022 2023 2024 p-Value

Suspected infection 55 (42.3%) 58 (37.9%) 41 (33.8%) 26 (20.9%) 5 (23.8%)
Replacement with

another device 9 (6.9%) 13 (8.5%) 34 (28.1%) 32 (25.8%) 4 (19.0%)

Venous thrombosis 2 (1.5%) 4 (2.6%) 6 (4.9%) 4 (3.2%) 0 (0.0%)
Blood culture

n (%)
Positive 36 (31.0%) 39 (25.5%) 24 (20.5%) 28 (22.7%) 6 (30.0%)

<0.0001 ***Negative 20 (17.2%) 22 (14.4%) 13 (11.1%) 9 (7.3%) 2 (10.0%)
Not performed 60 (51.7%) 92 (60.1%) 80 (68.4%) 86 (69.9%) 12 (60.0%)
Infectious agent

n (%)
Aerobic 17 (50.0%) 15 (39.5%) 7 (36.8%) 5 (35.7%) 0 (NA)

0.013 *Anaerobic 1 (2.9%) 3 (7.9%) 4 (21.0%) 0 (0.0%) 0 (NA)
Aerobic and
Anaerobic 16 (47.0%) 20 (52.6%) 8 (42.1%) 9 (64.3%) 0 (NA)

Tip culture n (%)
Negative 16 (13.9%) 11 (7.3%) 0 (0.0%) 2 (1.7%) 3 (15.0%)

<0.0001 ***Positive 32 (27.8%) 35 (23.2%) 38 (31.9%) 23 (19.2%) 4 (20.0%)
Not performed 67 (58.3%) 105 (69.5%) 81 (68.0%) 95 (79.2%) 13 (65.0%)
Occlusion test

n (%)
Negative 18 (16.4%) 26 (17.2%) 15 (12.5%) 6 (4.9%) 5 (25.0%)

<0.0001 ***Positive 87 (79.1%) 124 (82.1%) 101 (84.2%) 38 (30.9%) 1 (5.0%)
Not performed 5 (4.5%) 1 (0.6%) 4 (3.3%) 79 (64.2%) 14 (70.0%)

Post-hoc
Comparisons of

Medication Duration

Adjusted
p-value

2020–2021 3.4165 0.003 ***
2020–2022 3.1173 3.1173 0.009 ***
2021–2022 −113 1.000
2020–2023 5.723 5.723 0.000 ***
2021–2023 2.5726 2.5726 0.051
2022–2023 2.5402 0.055
2020–2024 3.3172 3.3172 0.004 ***
2021–2024 1.6012 1.6012 0.546
2022–2024 1.6344 1.6344 0.511
2023–2024 0.2617 1.000

Based on a Monte Carlo simulation of n = 2000 replications; Significant at: * = 0.05; ** = 0.01; *** = 0.001;
DIVA = Difficult Intravenous Access.

3.3. Duration of Medication

The Kruskal–Wallis test evaluating whether significant differences exist in the dis-
tribution of the duration of medication across several years considered found chi-square
χ2(4) = 36.3863 (p < 0.0001). To further explore these differences, a post-hoc Dunn test with
Bonferroni adjustment for multiple comparisons was performed, demonstrating significant
differences between several group pairs (Table 2). Specifically, the comparison between
2020 and 2021, as well as 2020 and 2022, revealed significant differences, with adjusted
p = 0.0032 and p = 0.0091, respectively. Similarly, the comparison between 2020 and 2023
showed highly significant differences (p < 0.0001). In contrast, no significant differences
were observed between 2021 and 2022 (p = 1.000) and between 2021 and 2024 (p = 0.504).
No significant differences were found in the number of days with the venous device across
the four years, indicating that the durations were consistent over time (χ2(4) = 1.699,
p = 0.790).
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3.4. Adverse Events

The study identified a significantly higher frequency of late complications during the
pandemic period compared to the post-pandemic period. Of the 550 late complications
recorded (see Table 3), 404 occurred during the pandemic phase, while 146 occurred in the
post-pandemic phase (χ2 = 240.18, p < 0.001).

Table 3. Adverse Events.

Complications n (%)

Occlusion 122 (20.4%)
Dislocation 125 (22.7%)

Mechanical injury 14 (2.5%)
Tip migration 5 (0.9%)

Suspected infection 185 (33.6%)
Replacement with another device 93 (16.9%)

Venous thrombosis 16 (2.9%)

Blood culture n (%)

Positive 133 (25.1%)
Negative 66 (12.4%)

Not performed 331 (62.4%)

Infectious agent n (%)

Aerobic 44 (41.9%)
Anaerobic 8 (7.6%)

Aerobic and Anaerobic 53 (50.5%)

Positive tip culture n (%)

No 32 (6.1%)
Yes 132 (25.2%)

Not performed 359 (68.6%)

Occlusion test n (%)

Negative 70 (13.3%)
Positive 351 (66.8%)

Not performed 104 (19.8%)

The types of complications varied, with infections being the most common. Suspected
infections accounted for a significant proportion of complications, with a higher incidence
during the pandemic (χ2 = 318.20, p < 0.001). Multiple comparisons between the five years
are shown in Table 2.

3.5. Stratification by Type of Malignancy

Given the clinical relevance of different malignancy types—for instance, the contrast
between immunocompromised patients with hematological cancers and those with solid
tumors such as gastrointestinal malignancies—we conducted a stratified analysis to as-
sess whether the distribution of cancer types varied over the study years. This analysis
revealed a statistically significant shift in the distribution of malignancy types across time
(p = 0.0055). Hematological malignancies (leukemias and lymphomas) constituted the
predominant group in 2020 and 2021, representing 50.8% and 49.7% of cases, respectively.
Their proportion steadily declined in subsequent years: 39.4% in 2022, 31.0% in 2023, and
only 18.2% in 2024. In contrast, breast cancer cases showed an upward trend, increasing
from 13.1% in 2020 to a peak of 20.1% in both 2022 and 2023, before slightly decreasing to
11.4% in 2024. Digestive system tumors remained relatively stable throughout the study
period, with proportions ranging from 19.2% to 21.7%. Respiratory tract malignancies,
though infrequent in the early years (2.3% in 2020), became more prevalent in 2022 and
2023 (5.6% and 6.5%, respectively).
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To explore whether these changes in tumor type distribution had a potential impact
on key clinical outcomes, we performed further stratified analyses. Although the over-
all Fisher’s exact tests indicated statistically significant differences in the distribution of
complications, positive blood cultures, and catheter occlusion tests across tumor types (all
p < 0.001), post-hoc pairwise comparisons adjusted using the Bonferroni method did not
identify any statistically significant differences between individual tumor types. These
results suggest that, despite overall heterogeneity, no specific malignancy was dispropor-
tionately associated with worse outcomes. Therefore, the observed temporal variation in
cancer type distribution is unlikely to have introduced meaningful bias into the study’s
main clinical findings.

In addition, Dunn’s post-hoc test (with Bonferroni correction) was employed to as-
sess differences in catheter dwell time between malignancy types, following a significant
Kruskal–Wallis test result (p = 0.026). While no pairwise comparison reached statistical
significance after correction, two comparisons approached the threshold: hematological
versus gastrointestinal tumors (adjusted p = 0.075) and respiratory versus breast cancers (ad-
justed p = 0.027). These trends, although not definitive, may point to clinically meaningful
patterns deserving further exploration in larger or more targeted cohorts.

4. Discussion
The COVID-19 pandemic significantly disrupted healthcare systems worldwide, pro-

foundly affecting the management of vascular access devices in cancer patients. Delays in
cancer diagnosis, interruptions in chemotherapy schedules, and deferral of routine onco-
logical evaluations became widespread during this period, with significant implications
for patient outcomes [39,40]. These disruptions were largely due to the reallocation of
resources, temporary closures of outpatient services, and prioritization of COVID-19 care
over elective or chronic conditions.

Our retrospective study revealed a marked increase in late complications such as sus-
pected infections, dislodgements, and device replacements, during the pandemic compared
to the post-pandemic period. This finding underscores the heightened vulnerability of
cancer patients amidst healthcare disruptions [41]. Similar studies have reported increased
catheter-related complications during the pandemic, attributing them to strained healthcare
resources and altered care protocols [42].

The disruption of outpatient services and the reallocation of healthcare resources
towards managing COVID-19 cases likely contributed to increased complication rates
observed during the pandemic. Additionally, limited availability of trained nursing per-
sonnel and reduced opportunities for regular device surveillance and maintenance were
probable contributing factors [20,21]. Lack of continuous monitoring increases the risk of
complications such as infections and mechanical failures, both of which were prominent in
the study cohort. Notably, infections accounted for over a third of late complications, with
suspected infections significantly higher during the pandemic [43]. Hospitals experienced
systemic overloads, leading to reduced access to skilled vascular access teams and delays
in routine PICC maintenance. These findings echo studies that reported elevated infection
rates in hospitalized patients during the COVID-19 period, attributable to compromised
care environments and altered infection control protocols [6,42,44].

Our study’s demographic data align with existing literature, with a mean patient age
of 60.5 years and a predominance of female patients. The high prevalence of hematological
malignancies, including lymphoma and leukemia, among our cohort highlights the in-
creased susceptibility of these patients to vascular device complications due to underlying
immunosuppression and intensive chemotherapy regimens. This observation is consistent
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with previous research indicating that patients with hematological malignancies are at
higher risk for catheter-related complications [45–47].

The type of catheter used also influenced complication rates. PICCs constituted the
majority of devices inserted, consistent with their widespread use in cancer care due to
their ease of insertion and versatility in long-term treatment [3,48]. However, the extended
dwell times of these devices, coupled with restricted follow-up during the pandemic,
likely exacerbated risks. Previous studies have demonstrated a direct relationship between
the duration of catheter use and the incidence of complications, particularly infections
and thrombosis [24]. In contrast, some studies have suggested that midline catheters
may be associated with a significantly higher rate of total complications compared to
PICCs (relative risk= 1.95, 95% confidence interval= 1.23–3.08, p= 0.005, I2 = 0%) [49,50].
This discrepancy may be due to differences in study populations, catheter management
protocols, or healthcare settings.

Another important but rarely discussed element is the role of healthcare worker
burnout. During the pandemic, frontline staff experienced intense psychological and
physical fatigue, with increased workload, long shifts, and resource shortages [51]. These
conditions may have impaired procedural accuracy during catheter insertions and reduced
adherence to maintenance protocols, potentially contributing to the observed increase in
PICC-related complications [52].

Our findings provide compelling evidence for the need to strengthen vascular device
management protocols during health emergencies. Establishing robust systems for remote
monitoring and telehealth consultations could mitigate the impact of restricted in-person
care. The integration of wearable technologies to monitor device function and detect early
signs of complications may further enhance patient safety [53]. Moreover, expanding the
role of community-based care and training non-specialized personnel to provide basic
device maintenance during crises could bridge care gaps. These strategies align with
recommendations from global health authorities advocating for resilience in healthcare
delivery systems [54].

Finally, PICC-related complications, particularly infections and dislodgements, may
lead to treatment delays, increased hospitalizations, and even treatment abandonment in
oncologic patients. These outcomes can directly compromise cancer prognosis [55,56]. A
more thorough understanding of long-term consequences is essential when evaluating the
true burden of vascular access complications during crisis situations.

Another critical finding is the significant reduction in complication rates in the post-
pandemic period. This improvement reflects the resumption of regular healthcare services,
including specialized vascular device care. Enhanced infection control measures imple-
mented post-pandemic, informed by the lessons learned during the crisis, likely contributed
to this positive trend. These findings emphasize the importance of continuous quality
improvement in healthcare practices to prevent future disruptions and ensure optimal
patient outcomes [57–59].

Limitations and Strengths

This study has several limitations. As a single-center retrospective review, its findings
may not be generalizable to other settings. Variations in healthcare infrastructure, pandemic
responses, and patient demographics could affect outcomes. Additionally, reliance on
retrospective data may lead to incomplete or inaccurate documentation. Future research
should employ multicenter designs and prospective methodologies for a broader and more
reliable understanding of vascular device management in cancer care.

A potential limitation of this study is the use of calendar-year groupings to de-
fine the pandemic and post-pandemic periods, which may not fully reflect the nuanced
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and evolving nature of the COVID-19 crisis. This approximation was necessary due
to the retrospective nature of the data and the absence of monthly granularity in the
source records.

Despite these limitations, the study has notable strengths. It provides a detailed
analysis of patient records during the pandemic and post-pandemic periods, offering
valuable insights into the impact of healthcare disruptions on vulnerable populations.

5. Conclusions
The increase in late complications from PICCs and Midlines among cancer patients

during the COVID-19 pandemic highlights the unintended effects of healthcare service
disruptions on patient outcomes, particularly infections. Maintaining continuity in cancer
care and vascular device management is vital.

The study underscores the need for robust contingency plans to sustain essential
services like catheter maintenance during crises. Alternative care models and home-based
support can mitigate risks from reduced in-person interactions. Educating on vascular
device self-management and strengthening infection prevention training for healthcare
professionals are crucial. Looking ahead, healthcare systems must implement innovative
strategies to maintain high-quality care during crises. Training non-specialized personnel
in basic device maintenance and developing robust contingency plans for emergency
healthcare delivery can strengthen resilience. Future multicenter studies are recommended
to confirm these findings across diverse healthcare settings, patient populations, and
institutional practices.

Author Contributions: Conceptualization, A.L.C. and M.P.; Data curation, M.B., D.N., M.D. and
L.L.; Formal analysis, A.L.C., M.B., R.L. and M.P.; Investigation, A.L.C., D.N., M.D., L.L. and S.M.;
Methodology, M.B., R.L., M.S. and M.P.; Software, M.P.; Supervision, M.P.; Validation, A.L.C. and
S.M.; Visualization, A.L.C., D.N. and M.S.; Writing–original draft, D.N., R.L., S.M., M.S. and M.P.;
Writing—review and editing, A.L.C., D.N., S.M., M.S. and M.P. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Research Ethics Committee of Palermo (Protocol number PICC
00Vr1.30.05.2023 n◦06/2023.

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Data are available on request.

Acknowledgments: The authors are grateful to the study participants who completed the questionnaire.

Conflicts of Interest: The authors have declared no conflicts of interest.

References
1. Gravdahl, E.; Haugen, D.F.; Fredheim, O.M. Use of Peripherally Inserted Central Venous Catheters and Midline Catheters for

Palliative Care in Patients with Cancer: A Systematic Review. Support. Care Cancer 2024, 32, 464. [CrossRef] [PubMed]
2. Simonetti, G.; Bersani, A.; Tramacere, I.; Lusignani, M.; Gaviani, P.; Silvani, A. The Role of Body Mass Index in the Development

of Thromboembolic Events among Cancer Patients with PICCs: A Systematic Review. J. Vasc. Nurs. 2022, 40, 11–16. [CrossRef]
3. Bertoglio, S.; Faccini, B.; Lalli, L.; Cafiero, F.; Bruzzi, P. Peripherally Inserted Central Catheters (PICCs) in Cancer Patients under

Chemotherapy: A Prospective Study on the Incidence of Complications and Overall Failures. J. Surg. Oncol. 2016, 113, 708–714.
[CrossRef] [PubMed]

4. Mercadante, S.; Bellavia, G.; Cascio, A.L.; Dabbene, M.; di Silvestre, G.; Casuccio, A. The Use of Complementary Alternative
Medicines in Advanced Cancer Patients Followed at Home. Support. Care Cancer 2022, 30, 2003–2008. [CrossRef]

https://doi.org/10.1007/s00520-024-08664-3
https://www.ncbi.nlm.nih.gov/pubmed/38926160
https://doi.org/10.1016/j.jvn.2021.10.001
https://doi.org/10.1002/jso.24220
https://www.ncbi.nlm.nih.gov/pubmed/27020965
https://doi.org/10.1007/s00520-021-06580-4


Cancers 2025, 17, 1182 12 of 14

5. Kang, K.-A.; Chun, J.; Kim, H.Y.; Kim, H.-Y. Hospice Palliative Care Nurses’ Perceptions of Spiritual Care and Their Spiritual
Care Competence: A Mixed-Methods Study. J. Clin. Nurs. 2021, 30, 961–974. [CrossRef]

6. Curtis, K.; Gough, K.; Krishnasamy, M.; Tarasenko, E.; Hill, G.; Keogh, S. Central Venous Access Device Terminologies,
Complications, and Reason for Removal in Oncology: A Scoping Review. BMC Cancer 2024, 24, 498. [CrossRef]

7. Piredda, M.; Sguanci, M.; De Maria, M.; Petrucci, G.; Usai, M.; Fiorini, J.; De Marinis, M.G. Nurses’ Evidence-Based Knowledge
and Self-Efficacy in Venous Access Device Insertion and Management: Development and Validation of a Questionnaire. Nurs.
Open 2024, 11, e2177. [CrossRef]

8. Mao, X.; Wu, S.; Huang, D.; Li, C. Complications and Comorbidities Associated with Antineoplastic Chemotherapy: Rethinking
Drug Design and Delivery for Anticancer Therapy. Acta Pharm. Sin. B 2024, 14, 2901–2926. [CrossRef]

9. Ritti-Dias, R.M.; Correia, M.A.; Carvalho, J.F.; Braghieri, H.A.; Wolosker, N.; Cucato, G.G.; Kanegusuku, H. Impact of the
COVID-19 Pandemic on Health Lifestyle in Patients with Peripheral Artery Disease: A Cross-Sectional Study. J. Vasc. Nurs. 2022,
40, 54–58. [CrossRef]

10. Yap, Y.-S.; Karapetis, C.; Lerose, S.; Iyer, S.; Koczwara, B. Reducing the Risk of Peripherally Inserted Central Catheter Line
Complications in the Oncology Setting. Eur. J. Cancer Care 2006, 15, 342–347. [CrossRef]

11. Leroyer, C.; Lashéras, A.; Marie, V.; Le Bras, Y.; Carteret, T.; Dupon, M.; Rogues, A.-M. Prospective Follow-up of Complications
Related to Peripherally Inserted Central Catheters. Med. Mal. Infect. 2013, 43, 350–355. [CrossRef] [PubMed]

12. Cheong, K.; Perry, D.; Karapetis, C.; Koczwara, B. High Rate of Complications Associated with Peripherally Inserted Central
Venous Catheters in Patients with Solid Tumours. Intern. Med. J. 2004, 34, 234–238. [CrossRef]

13. Maki, D.G.; Kluger, D.M.; Crnich, C.J. The Risk of Bloodstream Infection in Adults with Different Intravascular Devices:
A Systematic Review of 200 Published Prospective Studies. Mayo Clin. Proc. 2006, 81, 1159–1171. [CrossRef]

14. Grau, D.; Clarivet, B.; Lotthé, A.; Bommart, S.; Parer, S. Complications with Peripherally Inserted Central Catheters (PICCs) Used
in Hospitalized Patients and Outpatients: A Prospective Cohort Study. Antimicrob. Resist. Infect. Control 2017, 6, 18. [CrossRef]

15. Al Raiy, B.; Fakih, M.G.; Bryan-Nomides, N.; Hopfner, D.; Riegel, E.; Nenninger, T.; Rey, J.; Szpunar, S.; Kale, P.; Khatib, R.
Peripherally Inserted Central Venous Catheters in the Acute Care Setting: A Safe Alternative to High-Risk Short-Term Central
Venous Catheters. Am. J. Infect. Control 2010, 38, 149–153. [CrossRef]

16. Timsit, J.-F.; Baleine, J.; Bernard, L.; Calvino-Gunther, S.; Darmon, M.; Dellamonica, J.; Desruennes, E.; Leone, M.; Lepape, A.;
Leroy, O.; et al. Expert Consensus-Based Clinical Practice Guidelines Management of Intravascular Catheters in the Intensive
Care Unit. Ann. Intensive Care 2020, 10, 118. [CrossRef]

17. Gunst, M.; Matsushima, K.; Vanek, S.; Gunst, R.; Shafi, S.; Frankel, H. Peripherally Inserted Central Catheters May Lower the
Incidence of Catheter-Related Blood Stream Infections in Patients in Surgical Intensive Care Units. Surg. Infect. 2011, 12, 279–282.
[CrossRef]

18. Chopra, V.; Flanders, S.A.; Saint, S.; Woller, S.C.; O’Grady, N.P.; Safdar, N.; Trerotola, S.O.; Saran, R.; Moureau, N.; Wiseman, S.;
et al. The Michigan Appropriateness Guide for Intravenous Catheters (MAGIC): Results from a Multispecialty Panel Using the
RAND/UCLA Appropriateness Method. Ann. Intern. Med. 2015, 163, S1–S40. [CrossRef]

19. Cotogni, P.; Pittiruti, M. Focus on Peripherally Inserted Central Catheters in Critically Ill Patients. World J. Crit. Care Med. 2014, 3,
80–94. [CrossRef]

20. Filip, R.; Gheorghita Puscaselu, R.; Anchidin-Norocel, L.; Dimian, M.; Savage, W.K. Global Challenges to Public Health Care
Systems during the COVID-19 Pandemic: A Review of Pandemic Measures and Problems. J. Pers. Med. 2022, 12, 1295. [CrossRef]

21. Badraoui, R.; Alrashedi, M.M.; El-May, M.V.; Bardakci, F. Acute Respiratory Distress Syndrome: A Life Threatening Associated
Complication of SARS-CoV-2 Infection Inducing COVID-19. J. Biomol. Struct. Dyn. 2021, 39, 6842–6851. [CrossRef] [PubMed]

22. Gupta, K.; Gandhi, S.; Mebane, A.; Singh, A.; Vishnuvardhan, N.; Patel, E. Cancer Patients and COVID-19: Mortality, Serious
Complications, Biomarkers, and Ways Forward. Cancer Treat. Res. Commun. 2021, 26, 100285. [CrossRef] [PubMed]

23. Núñez, A.; Sreeganga, S.D.; Ramaprasad, A. Access to Healthcare during COVID-19. Int. J. Environ. Res. Public Health 2021, 18,
2980. [CrossRef] [PubMed]

24. Pittiruti, M.; Pinelli, F. Recommendations for the Use of Vascular Access in the COVID-19 Patients: An Italian Perspective. Crit.
Care 2020, 24, 269. [CrossRef] [PubMed]

25. Scoppettuolo, G.; Biasucci, D.G.; Pittiruti, M. Vascular Access in COVID-19 Patients: Smart Decisions for Maximal Safety. J. Vasc.
Access 2020, 21, 408–410. [CrossRef]

26. Wendel, D.; Mezoff, E.A.; Raghu, V.K.; Kinberg, S.; Soden, J.; Avitzur, Y.; Rudolph, J.A.; Gniadek, M.; Cohran, V.C.; Venick,
R.S.; et al. Management of Central Venous Access in Children with Intestinal Failure: A Position Paper from the NASPGHAN
Intestinal Rehabilitation Special Interest Group. J. Pediatr. Gastroenterol. Nutr. 2021, 72, 474–486. [CrossRef]

27. Napolitano, D.; Settanni, C.R.; Parisio, L.; Orgiana, N.; Poscia, A.; Schiavoni, E.; Turchini, L.; Cascio, A.L.; Germini, F.; Sblendorio,
E.; et al. Transition from Intravenous to Subcutaneous Biological Therapies in Inflammatory Bowel Disease: An Online Survey of
Patients. Indian J. Gastroenterol. 2024, 43, 215–225. [CrossRef]

https://doi.org/10.1111/jocn.15638
https://doi.org/10.1186/s12885-024-12099-8
https://doi.org/10.1002/nop2.2177
https://doi.org/10.1016/j.apsb.2024.03.006
https://doi.org/10.1016/j.jvn.2022.01.001
https://doi.org/10.1111/j.1365-2354.2006.00664.x
https://doi.org/10.1016/j.medmal.2013.06.013
https://www.ncbi.nlm.nih.gov/pubmed/23876203
https://doi.org/10.1111/j.1444-0903.2004.00447.x
https://doi.org/10.4065/81.9.1159
https://doi.org/10.1186/s13756-016-0161-0
https://doi.org/10.1016/j.ajic.2009.06.008
https://doi.org/10.1186/s13613-020-00713-4
https://doi.org/10.1089/sur.2008.058
https://doi.org/10.7326/M15-0744
https://doi.org/10.5492/wjccm.v3.i4.80
https://doi.org/10.3390/jpm12081295
https://doi.org/10.1080/07391102.2020.1803139
https://www.ncbi.nlm.nih.gov/pubmed/32752936
https://doi.org/10.1016/j.ctarc.2020.100285
https://www.ncbi.nlm.nih.gov/pubmed/33360669
https://doi.org/10.3390/ijerph18062980
https://www.ncbi.nlm.nih.gov/pubmed/33799417
https://doi.org/10.1186/s13054-020-02997-1
https://www.ncbi.nlm.nih.gov/pubmed/32466803
https://doi.org/10.1177/1129729820923935
https://doi.org/10.1097/MPG.0000000000003036
https://doi.org/10.1007/s12664-023-01500-2


Cancers 2025, 17, 1182 13 of 14

28. Rine, S.; Lara, S.T.; Bikomeye, J.C.; Beltrán-Ponce, S.; Kibudde, S.; Niyonzima, N.; Lawal, O.O.; Mulamira, P.; Beyer, K.M. The
Impact of the COVID-19 Pandemic on Cancer Care Including Innovations Implemented in Sub-Saharan Africa: A Systematic
Review. J. Glob. Health 2023, 13, 06048. [CrossRef]

29. Nickel, B.; Gorski, L.; Kleidon, T.; Kyes, A.; DeVries, M.; Keogh, S.; Meyer, B.; Sarver, M.J.; Crickman, R.; Ong, J.; et al. Infusion
Therapy Standards of Practice, 9th Edition. J. Infus. Nurs. 2024, 47, S1–S285. [CrossRef]

30. O’Grady, N.P.; Alexander, M.; Burns, L.A.; Dellinger, E.P.; Garland, J.; Heard, S.O.; Lipsett, P.A.; Masur, H.; Mermel, L.A.; Pearson,
M.L.; et al. Guidelines for the Prevention of Intravascular Catheter-Related Infections. Clin. Infect. Dis. 2011, 52, e162–e193.
[CrossRef]

31. Toney-Butler, T.J.; Gasner, A.; Carver, N. Hand Hygiene. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2025.
32. Imataki, O.; Shimatani, M.; Ohue, Y.; Uemura, M. Effect of Ultrasound-Guided Central Venous Catheter Insertion on the Incidence

of Catheter-Related Bloodstream Infections and Mechanical Complications. BMC Infect. Dis. 2019, 19, 857. [CrossRef]
33. Open Resources for Nursing (Open RN). Nursing Management and Professional Concepts; Ernstmeyer, K., Christman, E., Eds.; Open

RN OER Textbooks; Chippewa Valley Technical College: Eau Claire, WI, USA, 2022; ISBN 978-1-73491-418-4.
34. Baskin, J.L.; Pui, C.-H.; Reiss, U.; Wilimas, J.A.; Metzger, M.L.; Ribeiro, R.C.; Howard, S.C. Management of Occlusion and

Thrombosis Associated with Long-Term Indwelling Central Venous Catheters. Lancet 2009, 374, 159. [CrossRef] [PubMed]
35. Rajasekhar, A.; Streiff, M.B. Etiology and Management of Upper-Extremity Catheter-Related Thrombosis in Cancer Patients.

Thromb. Hemost. Cancer 2019, 179, 117–137. [CrossRef]
36. Smith, T.; Kaufman, C.; Quencer, K. Internal Jugular Central Venous Catheter Tip Migration: Patient and Procedural Factors.

Tomography 2022, 8, 1033–1040. [CrossRef]
37. Waheed, S.M.; Kudaravalli, P.; Hotwagner, D.T. Deep Vein Thrombosis. In StatPearls; StatPearls Publishing: Treasure Island, FL,

USA, 2025.
38. R Core Team. R: A Language and Environment for Statistical Computing; R Core Team: Vienna, Austria, 2023.
39. Patt, D.; Gordan, L.; Diaz, M.; Okon, T.; Grady, L.; Harmison, M.; Markward, N.; Sullivan, M.; Peng, J.; Zhou, A. Impact of

COVID-19 on Cancer Care: How the Pandemic Is Delaying Cancer Diagnosis and Treatment for American Seniors. JCO Clin.
Cancer Inf. 2020, 4, 1059–1071. [CrossRef]

40. Keim-Malpass, J.; Vavolizza, R.D.; Cohn, W.F.; Kennedy, E.M.; Showalter, S.L. Cancer Screening and Treatment Delays During the
COVID-19 Pandemic and the Role of Health Literacy in Care Re-Engagement: Findings from an NCI-Designated Comprehensive
Cancer Center Sample. J. Cancer Educ. 2023, 38, 1405–1412. [CrossRef]

41. Mercadante, S.; Grassi, Y.; Cascio, A.L.; Restivo, V.; Casuccio, A. Characteristics of Untreated Cancer Patients Admitted to an
Acute Supportive/Palliative Care Unit. J. Pain Symptom Manag. 2023, 65, e677–e682. [CrossRef]

42. Frondizi, F.; Dolcetti, L.; Pittiruti, M.; Calabrese, M.; Fantoni, M.; Biasucci, D.G.; Scoppettuolo, G. Complications Associated with
the Use of Peripherally Inserted Central Catheters and Midline Catheters in COVID-19 Patients: An Observational Prospective
Study. Am. J. Infect. Control 2023, 51, 1208–1212. [CrossRef]

43. Costa, G.J.; Júnior, H.d.A.F.; Malta, F.C.; Bitu, F.C.L.; Barbosa, C.; de Sá, J.; Amarante, A.; Thuler, L.C.S. The Impact of the
COVID-19 Pandemic on Tertiary Care Cancer Center: Analyzing Administrative Data. Semin. Oncol. 2022, 49, 182–188. [CrossRef]

44. Sands, K.E.; Blanchard, E.J.; Fraker, S.; Korwek, K.; Cuffe, M. Health Care-Associated Infections Among Hospitalized Patients
with COVID-19, March 2020-March 2022. JAMA Netw. Open 2023, 6, e238059. [CrossRef]

45. Ng, H.J.; Alata, M.K.; Nguyen, Q.T.; Huynh Duc Vinh, P.; Tan, J.Y.; Wong, C.L. Managing and Treating COVID-19 in Patients with
Hematological Malignancies: A Narrative Review and Expert Insights. Clin. Exp. Med. 2024, 24, 119. [CrossRef]
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