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Abstract

PICC is widely used in clinical practice due to its advantages of easy insertion,
safety and cost-effectiveness, providing a reliable intravenous infusion path-
way for patients undergoing chemotherapy, parenteral nutrition and home-
based care. However, difficult catheter removal caused by fibrous sheath for-
mation poses a significant challenge. This article reviews the current literature
on the causes of fibrous sheath formation and nursing intervention strategies.
Studies have shown that standardized PICC maintenance can reduce fibrous
sheath formation. Low-dose urokinase and tPA-containing saline can improve
recanalization rates to 95.3%. Salvia miltiorrhiza (Danshen) can inhibit sheath
formation from the source. Patient education combined with monitoring can
improve prognosis and reduce complications. These findings provide clinical
nurses with practical guidelines to enhance PICC management safety and ef-
fectiveness, ultimately reducing patient harm and healthcare burdens.
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1. Introduction

Peripherally inserted central catheters (PICC) are inserted through the basilic vein,
median cubital vein, cephalic vein, brachial vein, and external jugular vein in the
upper limb, with their tips terminating in the superior or inferior vena cava, provid-
ing patients with a medium- to long-term intravenous infusion pathway. PICC in-
sertion under ultrasound guidance is widely used in clinical practice due to its high
success rate, labor-saving nature, time efficiency, minimal complications, ease of
operation, safety, and reliability, as well as the lack of restriction on patients’ upper
limb movement [1]. This technique is widely used in clinical settings, such as chem-
otherapy, parenteral nutrition, and home-based care. Because it does not restrict
upper limb movement and provides excellent protection for surrounding veins, it
reduces the pain caused by repeated punctures. Therefore, it is well-accepted by pa-
tients. However, the use of PICC is associated with certain risks of complications,
among which difficult catheter removal is one of the common problems in clinical
practice [2]. Relevant studies have shown that the incidence of difficult PICC re-
moval is 9.8% [3]. Difficult catheter removal is related to vasospasm, phlebitis, and
the formation of fibrous sheaths. Among these, there is limited clinical experience
in managing difficult PICC removal caused by fibrous sheaths [4].

Fibrin sheath complications are a significant clinical concern, with an incidence
rate of 38% - 100% in PICC patients [5]. These complications not only affect the
functionality of the catheter but also pose a risk of thrombus formation and infec-
tion. Therefore, understanding the mechanisms of fibrous sheath formation and
implementing effective nursing interventions are crucial for improving patient
outcomes and reducing the burden on healthcare systems. This article reviews the
current research on the causes of fibrous sheath formation in PICC and the cor-
responding management strategies. The purpose is to provide clinical nurses with
evidence-based preventive and therapeutic measures to reduce the incidence of
difficult PICC removal. By preventing the formation of fibrous sheaths during
catheter dwell time, we can avoid difficult catheter removal and minimize patient
harm. This article also aims to offer a reference for nursing staff when dealing with

such issues in the future.

2. Materials

2.1. Overview of Fibrous Sheath

Central venous catheters can lead to the formation of fibrous sheaths. The origin
of the fibrous sheath is the contact point between the catheter and the vein wall,
and it extends all the way to the tip of the catheter. This can affect the normal
function of the venous catheter and is also prone to causing other complications
[6]. The main components of the fibrous sheath include cellular and non-cellular
elements, and it is a membrane-like substance that envelops the surface of central
venous catheters [7]. Within 1 to 2 weeks after the insertion of a central venous
catheter, the fibrous sheath rarely causes catheter dysfunction. However, as the

dwell time increases, catheter-related complications may occur around 15 weeks
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post-insertion. These complications include catheter blockage, extravasation, and

catheter-related thrombosis [8].

2.2. Mechanism of Fibrous Sheath Formation

The formation of a fibrous sheath is a dynamic process. As the dwell time of the
catheter increases, the composition of the fibrous sheath varies. It mainly includes
fibrin, red blood cells, platelets, fibroblasts, endothelial cells, smooth muscle cells,
collagen fibers, and elastic fibers [9]. After the insertion of a PICC catheter, injury
to the vascular endothelium occurs, and continuous pressure is exerted on the
vein wall. Additionally, with the patient’s breathing, heartbeat, and physical move-
ments, friction between the catheter and vein wall can cause endothelial damage.
Endothelial injury, reduced blood flow velocity, and hypercoagulability of blood
are crucial factors contributing to thrombus formation, and they also play a sig-
nificant role in the development of fibrous sheath. Currently, there is no definitive
conclusion regarding the formation of fibrous sheaths both domestically and in-
ternationally. However, existing research has indicated a correlation with cathe-
ter-related thrombus formation. The three key factors in thrombus formation are
endothelial injury, slowed blood flow, and a hypercoagulable state. The develop-
ment of fibrous sheath is a protective response of the human body to the invasion
of foreign objects, such as a PICC catheter, and it is also a process of self-regula-
tion and self-repair.

2.3. Reasons for the Formation of Fibrous Sheath Encasing PICC
Catheters

A fibrous sheath is a catheter-related thrombus, distinct from the commonly re-
ferred-to mural thrombus. Unexpected displacement of the catheter can lead to
treatment delays and thrombus formation, among other complications. PICC
catheters are particularly prone to displacement [10]. Despite the high feasibility
of PICC catheterization, patients undergoing PICC placement are susceptible to a
variety of complications, such as infection, allergic reactions to transparent dress-
ings, catheter blockage, phlebitis, and catheter insertion injuries. Therefore, dur-
ing clinical treatment, it is essential to analyze the causes of these complications
and provide targeted nursing care and interventions [11] [12]. Studies have iden-
tified key risk factors for fibrous sheath formation after PICC placement, includ-
ing the type of infused fluid, infusion filter use, infusion rate, techniques for cath-
eter flushing and locking, frequency of flushing and locking, and the specific tools
employed for these procedures [13]. During the PICC insertion process, the vas-
cular endothelium is injured, which activates the coagulation system and leads to
endothelial cell damage. This, in turn, causes the adhesion of platelets and white
blood cells and activates coagulation factors, resulting in the production of throm-
bin that converts fibrinogen into fibrin. However, because the catheter is a foreign
body that is suspended within the blood vessel, it alters the original blood flow
direction to varying degrees. This results in the accumulation of a large amount

of fibrin around the catheter, leading to the formation of a fibrous sheath [14].
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3. Nursing Care for Patients with PICC-Related Fibrous
Sheath

3.1. Diagnosis of Fibrous Sheath in Patients with PICC Catheters

Currently, the primary diagnostic methods for fibrous sheaths both domestically
and internationally include venography, CT scans, intravascular ultrasound,
echocardiography, and histopathological staining [15]. Given the high detection
rate and non-invasive nature of vascular ultrasound, it has become the most com-
monly used diagnostic tool for fibrous sheath in clinical practice. However, this
method cannot accurately differentiate between fibrous sheath and thrombus, re-
sulting in low specificity. Moreover, the accuracy of diagnosing fibrous sheaths
using color Doppler ultrasound is not high [16].

Given that the early symptoms of fibrous sheath are difficult to detect, by the
time they are identified, the sheath has often transformed into fibrous connective
tissue, necessitating surgical removal, which can cause secondary injury. There-
fore, it is suggested that Doppler ultrasound be combined with probe compression
techniques for the clinical examination of fibrous sheaths to increase the positive
detection rate [7]. Additionally, the integration of ultrasound with laboratory tests
can be applied for the prediction of fibrous sheath formation [17].

Therefore, in the future, clinical nursing staff can adopt a multidisciplinary ap-
proach to the diagnosis of fibrous sheath. This can improve the diagnostic accu-

racy and prevent missed diagnoses.

3.2. Treatment and Nursing Care for Fibrous Sheath in Patients
with PICC Catheters

At present, the most common method for managing fibrous sheath is pharmaco-
logical treatment, with the primary medications including urokinase, tissue-type
plasminogen activator (t-PA), and streptokinase. Compared to streptokinase and t-
PA, urokinase has fewer side effects and is more cost-effective, making it the con-
ventional drug of choice for fibrous sheath [18]. Urokinase is a serine protease that
directly activates plasminogen to promote fibrinolysis [19]. Some studies have
shown that low doses of urokinase (1.5 mL, 15,000 IU) significantly reduce protein
adsorption [20], while Ariyachaipan-ich et al [21] demonstrated that adding 1 mg
of tPA to 50 mL of saline for catheter recanalization can achieve a success rate of
95.3%. However, these medications do not address the root cause of the problem.
Research by Tang Wenshuai has shown that within traditional Chinese medicine,
Danshen (Salvia miltiorrhiza) possesses properties of promoting blood circulation
to remove blood stasis, anticoagulation, inhibition of platelet aggregation, and vas-
odilation, which can inhibit the formation of the sheath from the source [22].

In clinical practice, the decision to use urokinase for thrombolysis or Danshen
solution should be based on the individual patient’s condition. It is important to
note that during thrombolytic therapy, comprehensive monitoring of the patient’s
bleeding, coagulation, and platelet status is essential. Additionally, dissolving

agents are not recommended, as they are ineffective against mature fibrous
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sheaths [23]. If a patient has normal platelet counts and coagulation function, and
Doppler ultrasound confirms the presence of a fibrous sheath while ruling out
mural thrombus, successful catheter removal can be achieved after the admin-
istration of urokinase.

It should not be overlooked that excessive patient anxiety and tension can en-
hance sympathetic nerve excitability and repeatedly stimulate the vagus nerve,
which can easily lead to vasospasm and contraction, thereby increasing the diffi-
culty of catheter removal [24]. Therefore, nursing staff should provide detailed
explanations to patients and their families about the causes of difficult PICC re-
moval, coping strategies, and the purpose of the procedure before catheter re-
moval. During the process, they should communicate with the patient to distract
their attention and enhance the patient’s trust in the nursing staff. This helps to
alleviate anxiety and fear, preventing excessive nerve excitability from causing
vasospasm or contraction, which could affect catheter removal. Additionally,
nursing staff can use local warm compresses and massage to reduce the difficulty
of catheter removal.

In the early stages, fibrous sheath formation does not present with obvious clini-
cal symptoms and is difficult to detect. However, as it progresses to the late stages,
it develops into fibrous connective tissue, at which point it cannot be managed solely
with medication. In most cases, surgical removal of the catheter is required, causing
secondary trauma to the patient. This highlights the importance of early prevention.
Studies have shown that standardized catheter maintenance can reduce the inci-
dence of fibrous sheath [25]. This is because the pressure difference generated dur-
ing pulsatile flushing creates a vortex, and the swirling action can effectively remove
adherent material from the catheter wall, reducing the risk of catheter block-
age.Moreover, the swirling action is also detrimental to the formation of fibrous
sheath. The water-injected surface protection technology plays a positive role in re-
ducing protein adsorption. Water passes through the membrane wall into the
bloodstream to form a blood-free boundary layer, preventing protein adsorption on
the vessel wall and the formation of fibrous sheath [26]. Studies have shown that
after infusing viscous fluids or blood products, nursing staff can effectively prevent
the occurrence of fibrous sheath by using more than 10 ml of normal saline for pul-
satile flushing and locking of the catheter, regularly observing the status of the in-
dwelling catheter, strengthening health education, avoiding lifting heavy objects and
prolonged pressure on the limb with the catheter, and regularly performing exer-
cises with an electronic hand grip combined with fist clenching [27].

In practice, under the premise of meeting therapeutic requirements, selecting
catheters with superior material and high biocompatibility for puncture can en-
sure adequate blood flow between the catheter and the vessel wall, thereby pre-
venting the formation of fibrous sheath. Meanwhile, in the routine maintenance
of the catheter, nursing staff should flush and lock the catheter more than three
times a day (every 4 - 6 hours during infusion and every 8 hours without infusion)

to avoid the formation of fibrous sheath. Additionally, it is essential to enhance
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relevant training and management of nursing staff to ensure the safety and effec-
tiveness of PICC catheter maintenance, prolong the lifespan of the catheter, and

fully realize the application value of PICC placement [28].

4. Conclusion and Outlook

PICC catheters are easy to insert, safe, and cost-effective, effectively reducing the
risks associated with surgical trauma. Therefore, they are widely used around the
world [29]. However, some complications may occur, such as infection, catheter-
related thrombosis, fibrous sheath, and phlebitis [30]. Studies have demonstrated
that fibrous sheath formation is nearly ubiquitous among all types of central ve-
nous catheter access. Thus, the prevention of catheter-related fibrous sheaths and
the extension of PICC usage have become hot topics in clinical practice.

Strengthening patient and family education on PICC complications is crucial.
Detailed explanations of the causes, mechanisms, and solutions for catheter ab-
normalities, especially the formation of fibrous sheath, should be provided. This
helps patients gain a better understanding and be more cooperative when compli-
cations arise, thus avoiding anxiety, tension, and fear.

Secondly, standardizing the relevant procedures is essential. PICC insertion and
maintenance personnel must undergo rigorous training and obtain certification.
During operations, adherence to protocols and mastery of proper flushing and
locking techniques are crucial. Using normal saline for pulsatile flushing (a push-
pause technique) before and after infusion can thoroughly clean the catheter,
which is key to preventing catheter blockage [30]. During the infusion process, it
is important to strengthen monitoring, carefully listen to the patient’s complaints,
and closely observe the condition. In case of extravasation, the infusion should be
stopped immediately, the cause should be identified, and the patient should be
managed in cooperation with the physician.

Lastly, the formation of fibrous sheath in PICC is related to the patient’s under-
lying disease, the puncture method and process, as well as catheter maintenance
and use. Therefore, before catheter placement, the patient’s condition should be
assessed, and the primary disease should be actively treated. During catheter
placement, the choice of vein should be reasonable, and the skills of puncture and
catheter insertion should be mastered. After catheter placement, standardized use
and maintenance should be ensured. During infusion, close monitoring and
timely cooperation with the physician for early management should be carried out

to minimize the occurrence of catheter-related complications.
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