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Abstract 

Individuals with acute stroke on nonoral feeding regimens frequently develop pneumonia, 

questioning the long-held belief that pneumonia in stroke patients is a caused by food and liquid 

aspiration alone. Refluxate and colonized oral secretions are thought to contribute to an acidic 

oropharyngeal environment. If aspirated, these colonized oral secretions with increased acidity, 

can result in increased risk to the respiratory system. This study aimed to investigate the 

relationship between pharyngeal acidity, dysphagia, and pneumonia in acute stroke patients. 

Twenty-one patients (mean age 67 years) admitted to a stroke unit were recruited into this study. 
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We evaluated their stroke and dysphagia severity via clinical measures. Pharyngeal acidity was 

measured using a Restech Dx-pH measurement probe placed transnasally for 24 hours. Sixty two 

(62%) patients presented with moderate to severe stroke and 38% with dysphagia. Seven patients 

(33%) were positive for pharyngeal acidity. Two patients with pharyngeal acidity were diagnosed 

with chest infection. Pharyngeal acidity was significantly correlated with stroke severity (r = 0.487, 

P = 0.03) and significantly and inversely correlated to clinical swallow performance (rho = -0.626, 

p = 0.02). Additionally, pharyngeal acidity was significantly associated with categorical dysphagia 

scores (2(3,21) = 10.5, p<0.01), functional oral intake (2(3,21) = 15.7, p<0.001), presence of 

modified diets (χ2(1,21) = 14.0, p=0.0001), and tube feeding (χ2 (1,21) = 9.992, p = 0.002). 

Preliminary results suggest that acute stroke patients with dysphagia may present with increased 

risk for increased pharyngeal acidity. Pharyngeal acidity can result in negative sequelea, including 

respiratory complications. A better understanding of these potential relationships may lead to 

enhanced assessment and treatment approaches that limit pharyngeal acidity and resulting 

respiratory complications in acute stroke patients.  
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1. Introduction 

Dysphagia is prevalent in acute stroke and associated with multiple co-morbidities including poor 

nutrition and hydration, poor oral hygiene, and infections such as pneumonia [1, 2]. Approximately 10% 

of acute stroke survivors develop pneumonia and these tend to be patients with larger strokes on 

nonoral feeding regimens [3-5]. These observations suggest that in attempting to identify causes for 

pneumonia in acute stroke, aspirants beyond food and liquid should be considered. Colonized 

secretions and refluxate material are potential aspirants that might contribute to pneumonia in this 

population. Both of these potential aspirants may contribute to increased pharyngeal acidity, thus 

increasing the risk of respiratory system damage leading to infection [6]. 

The healthy pharyngeal environment is non-acidic [7, 8]. Acute stroke patients may be at elevated 

risk of increased pharyngeal acidity due to factors such as bacterial colonization, reduced oral hygiene, 

and reflux [9-11]. Furthermore, dysphagia may contribute to increased pharyngeal acidity through 

impaired oropharyngeal clearance [12-14]. The presence of acid-producing bacteria is normal in the 

oral cavity [15-19]. Salivary clearance via swallowing, mastication, and oral hygiene help remove these 

bacteria in the healthy adult [15]. In stroke patients, these processes are often compromised, creating 

the potential for an increased acidic environment in the pharyngeal region. Gastric reflux is another 

potential contributor to increased pharyngeal acidity [20-23]. Supraesophageal reflux has been 

associated with negative respiratory outcomes including bronchopulmonary disorders, recurrent 

pneumonia, chronic cough, and chronic or recurrent laryngitis [24]. Such findings indicate that the 

respiratory tract is highly vulnerable to acidic insult and highlight the importance of detecting increased 
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pharyngeal acidity in individuals at risk for respiratory disease. Finally, acute stroke patients are at 

increased risk for poor oral hygiene due to impaired self-care secondary to cognitive impairments 

and/or limitations in upper limb function [25].  

Collectively, the prevalence of dysphagia and related limitations in acute stroke may support an 

oropharyngeal environment of enhanced acidity; however, potential relationships between these 

swallowing functions and pharyngeal acidity have not been demonstrated. Furthermore, although the 

airway is known to be sensitive to acidic insult, the impact of increased pharyngeal acidity on 

respiratory complications in acute stroke is unclear. 

This study assessed the prevalence of pharyngeal acidity in a cohort of acute stroke patients and 

examined potential relationships among pharyngeal acidity, stroke severity, dysphagia, and oral intake 

in patients with acute stroke. In addition, we evaluated potential associations between pharyngeal 

acidity and the development of chest infection in acute stroke. We hypothesized that modified diets 

would increase pharyngeal acidity in acute stroke individuals. Additionally, we hypothesized that 

increased pharyngeal acidity would be associated with increased respiratory complications.  

2. Materials and Methods 

2.1 Participants 

Twenty-one acute ischemic stroke (AIS) patients admitted to the stroke service at an academic 

medical center over a 6-month period participated in this study. All patients were enrolled into the 

study within 72 hours of hospital admission and had stroke diagnosis confirmed by both neurological 

and radiological examinations. Patients were excluded if they had any history of connective tissue 

disease (e.g. lupus, scleroderma), esophageal surgery, respiratory disease (e.g. asthma, COPD), or 

unresolved oropharyngeal or esophageal dysphagia from previous/comorbid diseases or conditions 

(e.g. head and neck cancer, esophageal cancer, neurological diseases). In addition, patients on 

mechanical ventilation or who were pregnant were excluded.  

2.2 Ethics Statement 

The local Institutional Review Board reviewed and approved the study. Patients (or their legal 

representatives) who agreed to participate in the study signed approved consent forms prior to 

enrollment. 

2.3 Data Collection 

Patient histories were obtained from electronic medical records upon study enrollment. All patients 

then received clinical stroke evaluations, dysphagia evaluations, and pharyngeal pH evaluations. 

Information on current medications were also recorded.  
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2.4 Stroke Severity 

Stroke severity was measured by the National Institutes of Health Stroke Scale (NIHSS) [26, 27] and 

the Modified Rankin Scale (mRS) [28, 29]. Both scales were administered within one day of study 

enrollment. A score of 4 was used to dichotomize NIHSS scores into mild vs moderate-severe stroke 

[26, 27]. mRS scores were used to describe severity of disability [28, 29].  

2.5 Dysphagia Evaluations 

Dysphagia evaluations were also completed within one day of enrollment for all patients. Clinical 

evaluation of swallowing function was completed using the Mann Assessment of Swallowing Ability 

(MASA) [30]. On this standardized clinical assessment of dysphagia, a score less than or equal to 178 

(from a total of 200) identifies patients with dysphagia. For the purpose of this study dysphagia was 

treated as a dichotomous variable based on this cut point. Dysphagia severity was categorized 

according to total score ranges previously established: mild = 168 – 177, moderate = 139 – 167, severe 

= < 138 [30]. The Functional Oral Intake Scale (FOIS) [31] was employed to document the amount and 

type or oral diet. The FOIS is a 7-point validated scale documenting the type and amount of safe and 

adequate oral intake. When dichotomized for specific comparisons, a score below 6 was used to reflect 

limitations in oral intake of food, and a score below 4 was used to identify patients on tube-feeding 

[31].  

2.6 Pharyngeal pH Evaluation 

Pharyngeal pH evaluation was completed within 24 hours of clinical evaluations (stroke and 

dysphagia). The detection of abnormal pharyngeal acidity utilized the Dx-pH Measurement System with 

automated analysis of pH data using DataView Lite software (Respiratory Technology Corporation 

(Restech), San Diego, CA) [32, 33]. The pH probe of this system senses and records both aerosolized 

and liquid pH levels and does not require constant mucosal contact for detection. The probe was placed 

transnasally with the sensor placed at a level 5 - 10 mm below the uvula. The position of the sensor was 

confirmed by observing the light-emitting diode (LED) located at the probe tip via transoral examination. 

Once the position was confirmed, the catheter was secured to the subject’s nose and cheek using 

surgical tape. Pharyngeal pH was monitored for up to 24 hours [32, 34].  

Mealtimes were marked for exclusion from pharyngeal pH analysis, including 5-minute windows 

before and after mealtimes. Practical limitations precluded documenting every change in patient body 

position (i.e. sitting upright vs. lying down) over the evaluation period. However, given the nature of 

the acute stroke population, patients were assumed to be lying inclined in bed for most, if not all, of 

the evaluation period. As such, normative thresholds for recumbent/supine position were used and 

pharyngeal pH values below baseline to a cutoff level of pH = 5.0 were identified [35]. From each pH 

recording the following measures were obtained: mean duration of episodes with pH < 5.0, total 

duration of all episodes with pH < 5.0, percent time where pH < 5.0 (compared to the total evaluation 

period), number of pharyngeal pH episodes with pH< 5.0 over the evaluation period, and duration of 

the longest episode with pH < 5.0. The RYAN score was used as the index of pharyngeal acidity. RYAN 
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score was computed as the composite of percent time where pH<5.0, number of acid events, and the 

longest duration of pH<5. RYAN scores >6.8 were identified as being positive for pharyngeal acidity [35]. 

2.7 Identification of Chest Infection/Pneumonia 

Presence of in-hospital chest infection was determined by physician diagnosis and daily review of 

the electronic medical records using published criteria for pneumonia following stroke [5, 10]. To be 

considered positive for pneumonia, patients demonstrated three or more of the following 

characteristics: fever (>38°C), productive cough with purulent sputum, abnormal respiratory 

examination (tachypnea >22 per minute, tachycardia, inspiratory crackle, bronchial breathing), 

abnormal chest radiographic findings, arterial hypoxemia (PO2 <70 mmHg or SpO2 <94%), and isolation 

of a relevant pathogen (positive Gram’s stain and culture).  

2.8 Statistical Analyses 

All variables were reviewed for descriptive analysis. Baseline variables for NIHSS, MASA score and 

Ryan score were log transformed due to positive skew. Chi-square and bivariate correlation statistics 

examined relationships among variables of interest. The non-parametric spearman Rho was applied 

where small numbers or skewed distributions remained. Comparisons between grouped variables were 

completed with t-tests or their nonparametric equivalent (Mann Whitney U). Significance level was set 

at p < 0.05. All statistics were completed using SPSS v 24.0 [36]. 

3. Results  

3.1 Descriptive Results 

The cohort included 16 men and had a mean age of 67yrs (SD=13). Time to admission from stroke 

onset was 0.5 days (SD 1.3). Sixty-two percent (62%) of patients presented with moderate to severe 

stroke (NIHSS>4); 38% with dysphagia (MASA≤178); 24% on modified oral diets (FOIS 4 or 5); and 19% 

on tube feeding (FOIS<4). At the time of evaluation, seven of the twenty-one patients were on acid 

suppression medications, 18 were on antipyretics, and 5 were on antibiotics.  

Table 1 Descriptive results for clinical measures and RYAN score. 

Measure Mean (SD) Rates 

NIHSS 7.62 (SD 6.99) 62% moderate to severe stroke (NIHSS>4) 

MASA 172.6 (SD 26.0) 38% with dysphagia (MASA<178) 

FOIS 5.29 (SD 2.4) 
24% on modified oral diets (FOIS 4 or 5) 

19% on tube feeding (FOIS<4) 

RYAN Score 15.55 (SD 38.39) 33% positive for pharyngeal acidity (RYAN > 6.8) 

Notes: NIHSS (National Institutes of Health Stroke Scale), MASA (Mann Assessment of Swallowing 

Ability), FOIS (Functional Oral Intake Scale), RYAN score (index of pharyngeal acidity)  
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Median duration of pharyngeal pH evaluation was 20.8 hours (IQR=13.1 hours). Six patients 

inadvertently removed the pH catheter while asleep, reducing total surveillance time. Seven patients 

(33%) patients were positive for pharyngeal acidity (RYAN score>6.8). None of the remaining patients 

demonstrated any evidence of abnormal pharyngeal acidity (zero values for all measures).  

3.2 Relationships and Associations between Pharyngeal Acidity, Stroke Severity, and Swallowing 

Functions 

Pharyngeal acidity was significantly correlated to stroke severity (NIHSS: r = 0.487, p = 0.03), and 

significantly associated with higher NIHSS dichotomized scores (χ2(1,21) = 9.88, p = 0.002) (Figure 1). 

Pharyngeal acidity was also significantly and inversely correlated to clinical swallow performance 

(MASA: rho = -0.626, p = 0.02) and significantly associated with dysphagia severity reflected in 

categorical MASA scores (2(3,21) = 10.5, p<0.01). Finally, pharyngeal acidity was significantly 

associated with functional swallow level (FOIS: 2(3,21) = 15.7, p<0.001), presence of modified diets 

(χ2(1,21) = 14.0, p=0.0001) (Figure 2) and tube feeding (χ2 (1,21) = 9.992, p = 0.002 (Figure 3). 

 

Figure 1 Pharyngeal acidity by stroke severity. 
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Figure 2 Pharyngeal acidity by diet type. 

 

Figure 3 Pharyngeal acidity by feeding route. 
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3.3 Chest Infection 

Two patients met pre-determined criteria for chest infection (10%). Both were positive for 

pharyngeal acidity (RYAN score > 6.8). One of these patients had a moderate - severe stroke with an 

NIHSS score of 17. However, both had mRS scores of 4 and 5, indicating moderate-severe disability. 

Both patients were on modified diets (FOIS < 6), one was tube fed, and both demonstrated dysphagia 

(MASA ≤178).  

Two additional patients were positive for 2 of the required 3 criteria for pneumonia and were 

classified as probable chest infection. One of these cases was positive for pharyngeal acidity and the 

other was not. These two patients with probable chest infection also demonstrated moderate to severe 

strokes based on NIHSS scores of 4 and 21 and mRS scores of 4 and 5. Both patients were also on 

modified diets (FOIS < 6), one was tube fed, and one had moderately severely dysphagia based on the 

MASA (MASA score 151).  

4. Discussion  

Pharyngeal acidity was related to increased stroke severity and impaired swallowing function in 

acute ischemic stroke (AIS) patients. Moreover, pharyngeal acidity was associated with modified diets 

and tube feeding. Finally, despite our small sample size, given a chest infection rate of 10%, results 

suggest a possible role of pharyngeal acidity in chest infection for AIS patients. A combination of these 

results suggests a need for further investigation with larger studies.  

Stroke severity has been associated with xerostomia [37], which can increase the acid environment 

in the oropharyngeal region. Furthermore, colonization of acid-producing bacteria is increased during 

the acute phase of stroke [11, 38]. Physical weakness, lack of coordination, and cognitive deficits may 

limit the ability of stroke patients to self-maintain oral hygiene [39] and adequate oral care may not 

always be provided in acute stroke units [40, 41]. Thus, increased stroke severity may contribute to 

increased pharyngeal acidity via mechanisms of increased oropharyngeal colonization and reduced oral 

hygiene. 

Swallowing dysfunction (i.e. dysphagia) is common in acute stroke and patients with more severe 

stroke are more likely to present with dysphagia [1, 42]. In the present study, pharyngeal acidity was 

inversely correlated to dysphagia severity indicating that patients with more severe dysphagia 

presented the highest pharyngeal acidity levels. One possible explanation for this relationship is that 

patients with more severe dysphagia present with reduced oropharyngeal clearing mechanisms. For 

example, the frequency of spontaneous swallowing has been shown to be strongly related to severity 

of dysphagia in acute stroke [14].  Spontaneous swallowing is recognized as a reflexive activity that 

functions as an airway protection mechanism by clearing the oropharynx of pooled secretions, refluxate, 

and other potentially harmful materials. Thus, reduced oropharyngeal clearance associated with more 

severe dysphagia may be contributing to increased pharyngeal acidity in acute stroke patients.  

Acidogenic (i.e. acid-producing) bacteria such as lactobacilli and bifidobacteria are resident in the 

oral cavity [15]. Saliva contains proteins and peptides involved in numerous antimicrobial activities e.g. 

agglutination, bactericide, bacteristasis (i.e. inhibiting bacterial growth) and anti-adhesion. As saliva 

flushes the oral and pharyngeal cavities [43] and is subsequently swallowed [15], the unrestricted 
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growth of acidogenic bacteria is prevented. Taste, smell, the sight of food and mastication of solids 

foods are triggers of saliva production [44]. Salivary flow rate is increased with a regular diet requiring 

considerable mastication [45-47]. Patients on diets requiring less mastication produce less acid-

neutralizing saliva during meals [48, 49]. Thus, no oral diet, or a modified oral diet would result in less 

mastication and potentially reduced saliva production and related oropharyngeal clearance of 

acidogenic bacteria. This may at least partially explain the association between modified diets and 

pharyngeal acidity. Nonoral tube fed AIS patients are deprived of all major stimulants for normal saliva 

production and may be at greater risk for pharyngeal acidity. Moreover, pathogenic colonization of the 

oropharynx have been associated with nonoral tube feeding in stroke [50]. Hence, pharyngeal acidity 

in nonoral tube feeding patients may be related to both reduced salivary flow from the lack of oral 

intake and increased bacterial colonization. Collectively, the current results suggest that diet restriction 

of any kind may impose a risk for pharyngeal acidity in AIS patients.  

This study did not include results from combined multichannel intraluminal impedance and pH 

measurement (MII-pH) and the contribution of gastric reflux to pharyngeal acidity remains uncertain. 

However, univariate results from this preliminary study indicate the need for future clarifying research 

on the relationship between pharyngeal acidity, stroke severity, and diet modifications. Pharyngeal 

acidity was present in one-third of acute stroke subjects in the present study. In addition, stroke 

severity, swallowing impairment and diet restriction were identified as potential contributors to 

pharyngeal acidity. Additionally, 3 of the 4 patients diagnosed with pneumonia or probable chest 

infection had high pharyngeal acidity. Moreover, standard clinical care practices could have influenced 

surveillance of outcome variables, as several patients were on medications for acid suppression, 

antipyretics, and antibiotics.  

Limitations of this study include a small sample size, restricting analyses to univariate relationships 

and associations. Additionally, some potential for bias exists as the same speech pathologist evaluated 

dysphagia and placed the transnasal probe. However, measurements from the trasnnasal probe are 

quantitative and not subject to significant interpretation bias. Additionally, evaluations of the patient’s 

neurologic and respiratory status were obtained from medical records. Due to the small sample size, 

we did not have sufficient cases to support investigation of existing medical care, like medications, 

however, larger sample sizes might shed some light on this relationship.  

Clinically, a combination of risk factors related to AIS, dysphagia, and management practices of 

modified diets and tube feeding may put AIS patients at risk of increased pharyngeal acidity. In our 

preliminary results, a possible relationship was observed between increased pharyngeal acidity and 

respiratory complications. Though the sample in this study was small, and the statistics limited to 

univariate relations and associations, these results provide preliminary support for further, larger 

studies of the prevalence, associated factors, and potential complications of pharyngeal acidity in acute 

stroke. If a larger study supports the current results, then clinical care issues such as enhanced oral care 

and intensive dysphagia management, leading to diet advancement, may be useful strategies to help 

reduce pharyngeal acidity and may result in lower pneumonia rates.  
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5. Conclusions 

Preliminary investigation of pharyngeal acidity and dysphagia in acute stroke suggests that 

pharyngeal acidity is related to impaired swallowing, including modified diets and tube feeding. 

Pharyngeal acidity may also be associated with increased stroke severity. Most importantly, pharyngeal 

acidity may play a role in chest infection in patients with acute ischemic stroke. Early identification and 

intervention to reverse the effects of these factors in acute stroke patients may be important for 

preventing pharyngeal acidity and its potential complications. These interventions may target reduction 

of disabilities in self-care leading toward improved oral hygiene and rehabilitation of swallowing 

function, as well as restoration of oral feeding and establishing a regular diet. Finally, a better 

understanding of potential relationships between pharyngeal acidity and respiratory complications in 

acute stroke may lead to enhanced assessment and treatment approaches that may limit these 

respiratory complications. 
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