
International Journal of Multidisciplinary Research and Publications 
 ISSN (Online): 2581-6187 

 

 

106 

 
Akmal Taufiqulhakim, Muhammad Saiful Ardhi, and Ira Humairah, “Clinical Management and Pathophysiological Foundations of Stroke-

Associated Pneumonia: A Comprehensive Review,” International Journal of Multidisciplinary Research and Publications (IJMRAP), Volume 

8 Issue 9, pp. 106-109, 2026. 

Clinical Management and Pathophysiological 

Foundations of Stroke-Associated Pneumonia: A 

Comprehensive Review 
 

Akmal Taufiqulhakim1, Mohammad Saiful Ardhi2, Ira Humairah3 

 1Medical Program, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia-60132 
2Department of Neurology, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia-60132 

3Department of Medical Physiology and Biochemistry, Faculty of Medicine, Universitas Airlangga, Surabaya, Indonesia-60132 

Email address: ira-h@fk.unair.ac.id 

 

 
Abstract— Stroke-associated pneumonia (SAP) is a critical 

complication occurring within the first seven days following an acute 

stroke, significantly influencing mortality, morbidity, and the 

economic burden on healthcare systems. This review aims to provide 

a comprehensive guide for clinicians and researchers on the etiology, 

diagnosis, and management of SAP. A systematic evaluation of 

existing literature indicates that SAP affects approximately 8.6% to 

14.3% of stroke patients, with higher rates observed in those with 

severe neurological deficits and dysphagia. The pathophysiology of 

SAP consists of stroke-induced immunodepression syndrome (SIDS) 

and mechanical risk factors, such as oropharyngeal aspiration. 

Diagnostic progress has been marked by the implementation of the 

Pneumonia in Stroke Consensus (PISCES) criteria, which distinguish 

between probable and definite cases based on radiological evidence. 

Despite the efficacy of early dysphagia screening in reducing 

pneumonia incidence, large-scale randomized trials such as PASS and 

STROKE-INF have demonstrated that preventive antibiotic therapy 

does not improve functional outcomes. Management strategies must 

therefore prioritize multidisciplinary care bundles, including 

standardized oral hygiene, early mobilization, and tailored antibiotic 

therapy guided by clinical stability rather than universal prophylaxis. 
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I. INTRODUCTION  

The post-acute course of patients experiencing a 

cerebrovascular event is often complicated by secondary 

medical conditions that extend beyond the primary neurological 

injury [1]. Among these, stroke-associated pneumonia (SAP) 

represents one of the most critical complications, acting as a 

major determinant of adverse outcomes during both the acute 

and subacute recovery periods[2]. First described by Hilker et 

al. in 2003, SAP encompasses a range of lower respiratory tract 

infections (LRTIs) that develop within the initial seven days 

following stroke onset [1]. Whereas infections were historically 

attributed to immobility-related factors, accumulating evidence 

now highlights a sophisticated neuro–immune mechanism in 

which cerebral injury induces systemic immunosuppression to 

mitigate neuroinflammation, inadvertently increasing 

susceptibility of the lungs to pathogenic invasion[3].  

The epidemiological burden of SAP is considerable. 

Worldwide incidence estimates range from 8.6% to 21.4% 

among unselected stroke populations, with rates approaching 

50% in vulnerable subgroups such as elderly patients and those 

with extensive brainstem involvement [1]. The development of 

SAP is linked to a threefold rise in 30-day mortality and 

independently predicts long-term functional impairment, 

markedly diminishing the likelihood of favorable neurological 

recovery [4]. In addition to its clinical consequences, SAP 

exerts a substantial economic impact; in the United Kingdom, 

the average cost per episode has been estimated at £14,371, 

largely driven by prolonged hospitalization—approximately 

seven additional days—and the need for comprehensive 

multidisciplinary management [4].    

Despite growing scientific attention, important challenges 

in diagnosis and treatment remain unresolved. Infectious 

manifestations in acute stroke patients are frequently subtle and 

non-specific, while conventional chest radiography—the 

longstanding diagnostic reference—often produces 

inconclusive findings in immobilized individuals [2]. 

Moreover, the inability of large randomized trials to 

demonstrate benefit from prophylactic antibiotic use has 

prompted a strategic shift toward non-pharmacological 

prevention strategies and the development of more precise risk 

stratification tools [5]. Accordingly, this review consolidates 

current evidence on the underlying mechanisms, risk 

assessment, evolving diagnostic approaches, and 

multidisciplinary management of SAP, with the goal of 

enhancing clinical decision-making and improving patient 

survival outcomes.  

II. REVIEW CONTENT 

A. Epidemiological Profile and Prognostic Consequences 

The reported prevalence of stroke-associated pneumonia 

(SAP) varies considerably, largely influenced by differences in 

applied diagnostic definitions and the demographic 

composition of the studied populations [1]. Large-scale 

bibliometric reviews encompassing almost two decades of 

literature have documented incidence rates ranging from 8.6% 

to 14.3% [1]. In contrast, studies focusing on patients with acute 

ischemic stroke (AIS) accompanied by dysphagia consistently 

demonstrate substantially higher rates, underscoring the critical 

role of compromised airway protection in this subgroup [3]. 

The onset of SAP follows a distinct temporal pattern, with 

the highest risk concentrated in the early phase of 

hospitalization [6]. Analyses derived from the VISTA database 
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reveal that approximately two-thirds of post-stroke pneumonia 

cases emerge within the first seven days, with a median time to 

diagnosis of four days [6]. This period coincides with maximal 

neurological deficits, peak stroke-induced immunosuppression, 

and increased exposure to invasive interventions, including 

nasogastric tube placement [1]. 

In terms of prognosis, the development of SAP represents a 

severe adverse turning point in stroke recovery. Affected 

patients exhibit markedly higher in-hospital mortality, with 

rates approaching 45%, compared with approximately 12% 

among those without infectious complications [7]. Among 

survivors, SAP substantially impairs rehabilitation potential by 

promoting physical deconditioning, persistent fatigue, and a 

systemic inflammatory milieu that may amplify ongoing 

neuroinflammatory processes, ultimately limiting 

neuroplasticity and functional recovery [8]. 

B. Pathophysiological Basis: The Neuro–Immune Interface 

The development of stroke-associated pneumonia (SAP) 

reflects a multifactorial process that extends beyond simple 

passive aspiration, arising from a coordinated breakdown of 

both local airway defences and systemic immune mechanisms 

[3]. This process is principally driven by two interrelated 

pathways: impairment of airway protection due to swallowing 

dysfunction and profound immune dysregulation known as 

stroke-induced immunodepression syndrome [3]. Following an 

acute cerebrovascular insult, the central nervous system 

initiates protective responses aimed at limiting 

neuroinflammation; however, these responses paradoxically 

suppress systemic immune function, rendering patients highly 

vulnerable to infection [3]. Communication between the injured 

brain and the immune system is mediated through activation of 

the sympathetic nervous system, parasympathetic pathways, 

and the hypothalamic–pituitary–adrenal axis. Sustained 

catecholamine release leads to a rapid decline in circulating 

lymphocytes, while vagally mediated cholinergic signaling 

suppresses pro-inflammatory cytokine production by 

pulmonary macrophages, weakening first-line antibacterial 

defenses [9]. Concurrently, stress-induced glucocorticoid 

secretion exacerbates lymphocytopenia and lowers the 

threshold for pulmonary infection, allowing even minimal 

bacterial exposure to precipitate severe pneumonia. In parallel, 

damage to cortical swallowing centers or the brainstem disrupts 

coordination of the oropharyngeal phase of deglutition, 

resulting in silent aspiration of colonized secretions [3]. Given 

that dysphagia affects approximately 50–65% of patients in the 

acute stroke phase and confers a 3- to 11-fold increased risk of 

pneumonia, the convergence of immune suppression and 

mechanical aspiration forms the central pathophysiological 

basis of SAP [10]. 

C. Diagnostic Standards and Terminology 

One of the longstanding challenges in the clinical 

management of stroke-associated pneumonia (SAP) has been 

the absence of uniform terminology and diagnostic definitions. 

To address this issue, the Pneumonia in Stroke Consensus 

(PISCES) group introduced standardized diagnostic criteria 

adapted from the Centers for Disease Control and Prevention 

(CDC) framework [2]. These criteria clearly delineate SAP 

based on a defined temporal window, limiting the diagnosis to 

lower respiratory tract infections that develop within the first 

seven days following stroke onset [2]. 

The diagnostic framework incorporates both systemic and 

respiratory parameters. Systemic involvement is identified by 

the presence of at least one indicator such as fever, leukopenia, 

or leukocytosis [2]. Respiratory criteria require a minimum of 

two clinical features, including purulent sputum production, 

deterioration of cough, dyspnea, tachypnea, or evidence of 

worsening gas exchange [2]. While chest radiography remains 

the cornerstone imaging modality for SAP diagnosis, its 

sensitivity is often suboptimal during the early stages of 

infection [2]. Consequently, current recommendations advise 

repeat imaging after 48 hours when initial radiographic findings 

are inconclusive despite strong clinical suspicion [2]. In 

parallel, novel biomarkers such as the neutrophil-to-

lymphocyte ratio (NLR) have gained attention for their 

potential to more accurately reflect the immunosuppressive 

milieu that characterizes SAP [11]. 

D. Risk Stratification and Predictive Models 

Timely recognition of patients at elevated risk is a 

fundamental element in the prevention of stroke-associated 

pneumonia (SAP), prompting the development of several 

clinical scoring instruments to support risk assessment. Among 

these tools, the AIS-APS score is consistently regarded as one 

of the most robust predictors of SAP, particularly within 

ischemic stroke populations [12]. This model integrates 

variables such as age, National Institutes of Health Stroke Scale 

(NIHSS) score, Glasgow Coma Scale, sex, and the presence of 

dysphagia, yielding an area under the receiver operating 

characteristic curve (AUC) of approximately 0.79 [12]. 

The A2DS2 score is widely adopted because of its 

practicality and ease of use, incorporating age, atrial fibrillation, 

dysphagia, sex, and NIHSS score [12]. A threshold score of ≥5 

is commonly used to identify high-risk patients and has been 

associated with a marked increase in in-hospital mortality [12]. 

In contrast, the ISAN score emphasizes pre-stroke functional 

independence alongside sex, age, and stroke severity as 

measured by NIHSS, demonstrating an exceptionally high 

negative predictive value approaching 100% [12]. 

E. Prevention of Stroke-Associated Pneumonia 

Prevention represents the most effective approach to 

reducing the burden of stroke-associated pneumonia (SAP), and 

current evidence supports a comprehensive, multidisciplinary 

preventive framework rather than reliance on pharmacological 

prophylaxis [1]. Central to this strategy is the early 

identification and management of dysphagia, which constitutes 

the most impactful non-pharmacological intervention. Clinical 

guidelines recommend that all acute stroke patients be 

maintained on nil per os (NPO) status until a formal swallowing 

assessment is completed, preferably within the first 24 hours of 

hospital admission [10]. The use of standardized dysphagia 

screening tools has demonstrated high sensitivity in identifying 

aspiration risk, and the implementation of structured 

swallowing protocols has been associated with a reduction in 
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pneumonia incidence of up to 40% [10]. In contrast, large 

randomized controlled trials have consistently shown that 

routine antibiotic prophylaxis does not confer meaningful 

clinical benefit. The PASS trial, which enrolled 2,550 patients 

randomized to receive ceftriaxone or standard care, failed to 

demonstrate improvement in three-month functional outcomes 

despite lowering overall infection rates [5]. Likewise, the 

STROKE-INF trial did not show significant reductions in 

pneumonia incidence or functional recovery [13]. Collectively, 

these findings underscore a paradigm shift away from 

indiscriminate antibiotic prevention toward targeted, non-

pharmacological measures as the cornerstone of SAP 

prevention.  

F. Treatment and Management of Stroke-Associated 

Pneumonia 

Once stroke-associated pneumonia (SAP) is confirmed, 

prompt initiation of therapy is essential, with management 

strategies individualized according to the suspected causative 

pathogens and the patient’s overall clinical condition [14]. 

Empirical antimicrobial selection should be informed by the 

timing of pneumonia onset. Early-onset SAP, occurring within 

the first 72 hours after stroke, typically necessitates coverage 

for community-acquired organisms such as Streptococcus 

pneumoniae and Haemophilus influenzae [2]. In contrast, late-

onset SAP, developing between days four and seven, requires 

broader antimicrobial coverage targeting hospital-acquired 

pathogens, including Pseudomonas aeruginosa and members 

of the Enterobacterales group [14]. In this context, 

amoxicillin/clavulanic acid is commonly utilized as an 

empirical option due to its broad-spectrum activity [7]. 

Regarding treatment duration, accumulating evidence supports 

shorter antibiotic courses of five to seven days, as these have 

been shown to be non-inferior to prolonged therapy in patients 

who achieve clinical stability, while also offering advantages 

such as increased antibiotic-free days and a reduced risk of 

secondary antimicrobial resistance [15]. 

III. CONCLUSION 

Stroke-associated pneumonia continues to represent a major 

challenge in the care and recovery of patients with acute stroke. 

This review highlights that although prophylactic antibiotic 

strategies have not shown meaningful improvements in 

functional outcomes, a carefully coordinated multidisciplinary 

approach can substantially reduce the risk of this complication. 

Optimal management relies on the early implementation of 

structured dysphagia assessments, strict mechanical oral care 

measures, and the use of validated risk prediction tools to 

enhance clinical surveillance. By moving away from 

indiscriminate preventive therapies toward targeted risk 

stratification and integrated rehabilitative strategies, clinicians 

can meaningfully enhance both survival rates and long-term 

functional autonomy among stroke survivors.  

APPENDIX 

TABLE I. Summary of Major SAP Clinical Trials  

Trial Name Primary 

Intervention 

Population Major Finding 

PASS (2015) Ceftriaxone (2g, General stroke No functional 

4 days) benefit [5]. 

STROKE-INF 
(2015) 

Various 
antibiotics 

Dysphagic 
stroke 

No reduction in 
pneumonia 

[13]. 

PRECIOUS 
[2024] 

Metocloperamide Elderly (NGT) No reduction in 
pneumonia [6] 
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