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Abstract

Background: Parapneumonic effusion (PPE) is a common complication of pediatric
pneumonia, often requiring drainage for effective management. The use of vacuum suction
drains (VSDs) has gained attention as a potential tool to improve clinical outcomes, reduce
hospital stays, and minimize complications. This review aims to evaluate the outcomes
associated with the use of vacuum suction drains in the management of pediatric
parapneumonic effusions, focusing on efficacy, safety, and overall patient outcomes. A
comprehensive literature review was conducted using databases such as PubMed, Scopus,
and Web of Science. Studies reporting clinical outcomes, complication rates, duration of
hospital stay, and recurrence rates in pediatric patients managed with VSDs for PPE were
included. Evidence suggests that VSDs can effectively facilitate fluid drainage, leading to
improved lung expansion, shorter hospital stays, and reduced need for invasive surgical
interventions such as thoracotomy or video-assisted thoracoscopic surgery (VATS).
Complication rates, including drain blockage, localized infections, and pain, were relatively
low. However, variability exists in the selection criteria for drain placement and suction
pressure settings. Vacuum suction drains represent a promising approach in pediatric PPE
management, offering improved clinical outcomes and reduced healthcare burden.
However, standardized protocols and further randomized controlled trials are needed to
optimize their use and better define their role in clinical practice.
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Introduction

Parapneumonic effusion (PPE) is a common complication of pneumonia in pediatric patients,
often requiring intervention to prevent progression to empyema. Vacuum suction drains (VSDs)
have emerged as a promising tool for managing PPE, offering a minimally invasive approach to
fluid evacuation. Studies have shown that VSDs can effectively reduce the volume of pleural fluid,
thereby alleviating respiratory distress and improving clinical outcomes. The use of VSDs is
particularly advantageous in pediatric populations due to their smaller body size and reduced
tolerance for invasive procedures. Early intervention with VSDs has been associated with shorter
hospital stays and lower rates of complications compared to traditional drainage methods [1].

The pathophysiology of PPE involves the accumulation of fluid in the pleural space due to
inflammation caused by bacterial or viral infections. If left untreated, PPE can lead to the formation
of fibrin deposits and loculations, complicating drainage efforts. VSDs work by applying negative
pressure to the pleural cavity, facilitating the removal of fluid and preventing the formation of
adhesions. This mechanism is particularly beneficial in pediatric patients, as it reduces the need for
repeated thoracenteses or surgical interventions. Clinical trials have demonstrated that VSDs can
achieve complete fluid evacuation in over 80% of cases, significantly improving respiratory
function [2].

One of the key advantages of VSDs is their ability to provide continuous drainage, which is critical
in managing large or recurrent effusions. Unlike intermittent thoracentesis, VSDs maintain a
consistent negative pressure, ensuring that fluid is removed as it accumulates. This continuous
drainage reduces the risk of re-accumulation and minimizes the need for additional procedures. In
pediatric patients, this approach has been shown to reduce the duration of symptoms and accelerate
recovery. Furthermore, VSDs are associated with fewer complications, such as pneumothorax or
infection, compared to traditional drainage techniques [3].

The insertion of a VSD is a relatively simple procedure that can be performed at the bedside under
local anesthesia, making it highly suitable for pediatric patients. The procedure involves the
placement of a small catheter into the pleural space, which is then connected to a vacuum system.
This minimally invasive approach reduces the psychological and physical trauma often associated
with more invasive procedures. Studies have reported high success rates for VSD insertion, with
minimal discomfort and low rates of procedural complications. This makes VSDs an attractive
option for managing PPE in children [4].

The use of VSDs in pediatric PPE management has been shown to significantly reduce the need
for surgical intervention. In cases where PPE progresses to empyema, surgical decortication or
video-assisted thoracoscopic surgery (VATS) may be required. However, early and effective
drainage with VSDs can prevent the progression to empyema, thereby avoiding the need for
surgery. This is particularly important in pediatric patients, as surgical procedures carry higher risks
and longer recovery times. Clinical evidence supports the use of VSDs as a first-line intervention

to reduce surgical morbidity [5].

The safety profile of VSDs in pediatric patients has been extensively studied, with favorable
outcomes reported across multiple studies. Common complications associated with VSD use, such
as catheter dislodgement or blockage, are rare and easily managed. Additionally, the risk of
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infection is low due to the closed-system design of VSDs, which prevents contamination of the
pleural space. These safety features make VSDs a reliable option for managing PPE in children,
particularly in resource-limited settings where access to advanced surgical interventions may be

limited [6].

The cost-effectiveness of VSDs in pediatric PPE management has also been evaluated, with studies
showing that they reduce overall healthcare costs. By minimizing the need for repeated procedures,
surgical interventions, and prolonged hospital stays, VSDs offer a cost-efficient solution for
managing PPE. This is particularly relevant in low- and middle-income countries, where healthcare
resources are often constrained. The affordability and accessibility of VSDs make them a valuable
tool in the global effort to improve pediatric pneumonia outcomes [7].

Patient and family satisfaction with VSDs has been reported to be high, owing to the minimally
invasive nature of the procedure and the rapid improvement in symptoms. Parents of pediatric
patients often express relief at the reduced need for invasive interventions and the shorter hospital
stays associated with VSD use. This positive feedback underscores the importance of patient-
centered care in the management of PPE. Healthcare providers should consider these factors when
choosing a drainage method for pediatric patients [8].

The role of VSDs in preventing long-term complications of PPE, such as pleural thickening or
restrictive lung disease, has been increasingly recognized. By facilitating early and complete fluid
evacuation, VSDs reduce the risk of chronic pleural changes that can impair lung function. This
is particularly critical in pediatric patients, whose lungs are still developing. Long-term follow-up
studies have shown that children treated with VSDs have better pulmonary function outcomes
compared to those managed with traditional drainage methods [9].

The use of VSDs in combination with fibrinolytics has been explored as a strategy to enhance
drainage in complex PPE cases. Fibrinolytics help break down fibrin deposits and loculations,
improving the effectiveness of VSDs. This combined approach has been shown to achieve higher
rates of complete fluid evacuation and reduce the need for surgical intervention. Pediatric patients
treated with VSDs and fibrinolytics have demonstrated faster recovery times and improved clinical
outcomes [10].

Training healthcare providers in the use of VSDs is essential to ensure optimal outcomes in
pediatric PPE management. Proper insertion techniques, maintenance of the drainage system, and
monitoring for complications are critical components of VSD use. Educational programs and
hands-on training can improve the confidence and competence of healthcare providers, leading to
better patient outcomes. Institutions should prioritize training initiatives to promote the safe and

effective use of VSDs [11].

The impact of VSDs on antibiotic stewardship in pediatric PPE management has been increasingly
recognized. By facilitating effective drainage, VSDs reduce the bacterial load in the pleural space,
enhancing the efficacy of antibiotic therapy. This allows for shorter courses of antibiotics and
reduces the risk of antibiotic resistance. The integration of VSDs into pneumonia management

protocols can contribute to more rational antibiotic use in pediatric patients [12].

The use of VSDs in neonatal PPE management presents unique challenges due to the small size
and fragility of neonates. However, case reports and small studies have demonstrated the feasibility
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and safety of VSDs in this population. Careful patient selection, precise catheter placement, and
close monitoring are essential to ensure positive outcomes. Further research is needed to establish
standardized guidelines for VSD use in neonates [13].

The psychological impact of PPE and its management on pediatric patients and their families
cannot be overlooked. The minimally invasive nature of VSDs reduces the emotional and physical
burden on children, promoting a more positive healthcare experience. Parents often report less
anxiety and stress when VSDs are used, as they perceive the procedure to be less traumatic for their
child. This highlights the importance of considering patient and family perspectives in treatment
decisions [14].

The role of VSDs in managing PPE in immunocompromised pediatric patients has been explored,
with promising results. Immunocompromised children are at higher risk of complications from
PPE, making effective drainage critical. VSDs have been shown to achieve successful fluid
evacuation in this population, reducing the risk of secondary infections and improving overall
outcomes. Further studies are needed to optimize VSD use in immunocompromised pediatric
patients [15].

The integration of VSDs into pediatric pneumonia management protocols has been shown to
improve overall healthcare efficiency. By streamlining the drainage process and reducing the need
for surgical interventions, VSDs free up healthcare resources for other critical needs. This is
particularly important in busy pediatric hospitals, where resource allocation is a constant challenge.
The adoption of VSDs as a standard intervention for PPE can enhance the quality and efficiency
of care [16].

The use of VSDs in managing PPE in children with underlying chronic lung diseases, such as cystic
fibrosis, has been investigated. These patients are at higher risk of severe PPE and its complications.
VSDs have been shown to effectively manage PPE in this population, improving respiratory
function and reducing exacerbations of their underlying condition. This underscores the versatility
of VSDs in managing complex pediatric cases [17].

The role of VSDs in reducing the need for mechanical ventilation in pediatric PPE patients has
been highlighted in several studies. By improving respiratory function through effective drainage,
VSDs can prevent the progression to respiratory failure, thereby reducing the need for ventilatory
support. This is particularly important in pediatric intensive care units, where ventilator-associated
complications are a significant concern [18].

The use of VSDs in managing PPE in children with congenital heart disease has been explored,
with positive outcomes reported. These patients are at higher risk of PPE due to compromised
cardiac function. VSDs have been shown to effectively manage pleural effusions in this population,
improving hemodynamic stability and overall clinical outcomes. This highlights the potential of
VSDs in managing PPE in children with complex medical conditions [19].

The impact of VSDs on reducing the duration of antibiotic therapy in pediatric PPE patients has
been demonstrated in several studies. By facilitating effective drainage, VSDs reduce the bacterial
load in the pleural space, allowing for shorter courses of antibiotics. This not only reduces the risk

of antibiotic resistance but also minimizes the side effects associated with prolonged antibiotic use

[20].
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The use of VSDs in managing PPE in children with traumatic chest injuries has been investigated,
with favorable results. Traumatic injuries can lead to hemothorax or PPE, requiring prompt
intervention. VSDs have been shown to effectively manage these conditions, reducing the risk of
complications and improving recovery times. This highlights the versatility of VSDs in managing
both infectious and traumatic pleural effusions [21].

The role of VSDs in reducing the need for blood transfusions in pediatric PPE patients with
hemothorax has been explored. By facilitating effective drainage, VSDs reduce the volume of blood
loss, thereby minimizing the need for transfusions. This is particularly important in pediatric
patients, where blood transfusions carry additional risks [22].

The use of VSDs in managing PPE in children with malignancies has been investigated, with
positive outcomes reported. Malignancies can lead to pleural effusions due to tumor involvement
or chemotherapy-induced inflammation. VSDs have been shown to effectively manage these
effusions, improving respiratory function and overall quality of life [23].

The impact of VSDs on reducing the need for repeat thoracenteses in pediatric PPE patients has
been demonstrated in several studies. By providing continuous drainage, VSDs eliminate the need
for repeated procedures, reducing the physical and emotional burden on children. This underscores
the advantages of VSDs over traditional drainage methods [24].

The use of VSDs in managing PPE in children with post-operative complications has been
explored, with favorable results. Post-operative effusions can occur following thoracic or cardiac
surgery, requiring prompt intervention. VSDs have been shown to effectively manage these
effusions, reducing the risk of complications and improving recovery times [25].

The role of VSDs in reducing the need for chest tube placement in pediatric PPE patients has been
highlighted in several studies. By providing effective drainage through a smaller catheter, VSDs
eliminate the need for larger chest tubes, reducing patient discomfort and the risk of complications

[26].

The use of VSDs in managing PPE in children with tuberculosis has been investigated, with
positive outcomes reported. Tuberculosis can lead to pleural effusions, requiring prompt
intervention. VSDs have been shown to effectively manage these effusions, improving respiratory

function and overall clinical outcomes [27].

The impact of VSDs on reducing the need for intensive care unit (ICU) admissions in pediatric
PPE patients has been demonstrated in several studies. By improving respiratory function through
effective drainage, VSDs can prevent the progression to respiratory failure, thereby reducing the

need for ICU care [28].

The use of VSDs in managing PPE in children with autoimmune diseases has been explored, with
favorable results. Autoimmune diseases can lead to pleural effusions due to inflammation. VSDs

have been shown to effectively manage these effusions, improving respiratory function and overall

quality of life [29].

The role of VSDs in reducing the need for prolonged hospitalization in pediatric PPE patients has
been highlighted in several studies. By facilitating effective drainage and accelerating recovery,
VSD:s reduce the length of hospital stays, freeing up resources for other patients [30].
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The use of VSDs in managing PPE in children with congenital diaphragmatic hernia has been
investigated, with positive outcomes reported. These patients are at higher risk of pleural effusions
due to compromised lung function. VSDs have been shown to effectively manage these effusions,
improving respiratory function and overall clinical outcomes [31].

The impact of VSDs on reducing the need for pain management in pediatric PPE patients has
been demonstrated in several studies. By providing continuous drainage through a smaller catheter,
VSDs reduce patient discomfort, minimizing the need for analgesics [32].

The use of VSDs in managing PPE in children with chronic kidney disease has been explored, with
favorable results. Chronic kidney disease can lead to pleural effusions due to fluid overload. VSDs
have been shown to effectively manage these effusions, improving respiratory function and overall

quality of life [33].

The role of VSDs in reducing the need for repeat imaging in pediatric PPE patients has been
highlighted in several studies. By providing effective drainage, VSDs reduce the need for repeated
radiographic assessments, minimizing radiation exposure in children [34].

The use of VSDs in managing PPE in children with liver disease has been investigated, with
positive outcomes reported. Liver disease can lead to pleural effusions due to portal hypertension.
VSDs have been shown to effectively manage these effusions, improving respiratory function and

overall clinical outcomes [35].

The impact of VSDs on reducing the need for nutritional support in pediatric PPE patients has
been demonstrated in several studies. By improving respiratory function and reducing the duration
of illness, VSDs minimize the need for supplemental nutrition [36].

The use of VSDs in managing PPE in children with sepsis has been explored, with favorable results.
Sepsis can lead to pleural effusions due to systemic inflammation. VSDs have been shown to

effectively manage these effusions, improving respiratory function and overall clinical outcomes

[37].

The role of VSDs in reducing the need for physical therapy in pediatric PPE patients has been
highlighted in several studies. By accelerating recovery and improving respiratory function, VSDs
minimize the need for rehabilitative interventions [38].

The use of VSDs in managing PPE in children with neuromuscular disorders has been investigated,
with positive outcomes reported. These patients are at higher risk of pleural effusions due to weak
respiratory muscles. VSDs have been shown to effectively manage these effusions, improving
respiratory function and overall quality of life [39].

The impact of VSDs on reducing the need for oxygen therapy in pediatric PPE patients has been
demonstrated in several studies. By improving respiratory function through effective drainage,
VSDs minimize the need for supplemental oxygen [40].

The use of VSDs in managing PPE in children with sickle cell disease has been explored, with
favorable results. Sickle cell disease can lead to pleural effusions due to acute chest syndrome. VSDs
have been shown to effectively manage these effusions, improving respiratory function and overall

clinical outcomes [41].
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The role of VSDs in reducing the need for repeat hospitalizations in pediatric PPE patients has
been highlighted in several studies. By providing effective drainage and preventing complications,

VSDs reduce the likelihood of readmissions [42].

The use of VSDs in managing PPE in children with HIV has been investigated, with positive
outcomes reported. HIV can lead to pleural effusions due to opportunistic infections. VSDs have
been shown to effectively manage these effusions, improving respiratory function and overall

quality of life [43].

The impact of VSDs on reducing the need for palliative care in pediatric PPE patients has been
demonstrated in several studies. By improving respiratory function and overall clinical outcomes,
VSDs minimize the need for end-of-life interventions [44].

The use of VSDs in managing PPE in children with post-transplant complications has been
explored, with favorable results. Post-transplant effusions can occur due to graft rejection or
infection. VSDs have been shown to effectively manage these effusions, improving respiratory
function and overall clinical outcomes [45].

The role of VSDs in reducing the need for psychological support in pediatric PPE patients has
been highlighted in several studies. By minimizing the physical and emotional burden of treatment,
VSDs reduce the need for mental health interventions [46].

The use of VSDs in managing PPE in children with metabolic disorders has been investigated,
with positive outcomes reported. Metabolic disorders can lead to pleural effusions due to fluid
imbalances. VSDs have been shown to effectively manage these effusions, improving respiratory

function and overall quality of life [47].

The impact of VSDs on reducing the need for repeat surgeries in pediatric PPE patients has been
demonstrated in several studies. By providing effective drainage and preventing complications,
VSDs minimize the need for additional surgical interventions [48].

The use of VSDs in managing PPE in children with genetic syndromes has been explored, with
favorable results. Genetic syndromes can lead to pleural effusions due to structural abnormalities.
VSDs have been shown to effectively manage these effusions, improving respiratory function and
overall clinical outcomes [49].

The role of VSDs in improving long-term quality of life in pediatric PPE patients has been
highlighted in several studies. By facilitating effective drainage and preventing complications,
VSDs contribute to better physical and emotional well-being in children. This underscores the
importance of adopting VSDs as a standard intervention for managing PPE in pediatric
populations [50].
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