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Abstract Swallowing problems occur in 37–78 % of

stroke patients. Evidence points to multiple factors con-

tributing to the development of pneumonia in the first

week post stroke, of which the presence of dysphagia is

one. A heightened understanding of the very acute phase

(first 7 days post stroke) is required to improve manage-

ment of this population. We conducted a retrospective

review of 536 stroke patients admitted to Australian

hospitals in 2010. Data were collected on 37 clinical and

demographic parameters. Descriptive statistics and uni-

variate and multivariate logistic regression analyses were

performed. Dysphagia was present in 58.5 % of admis-

sions. For those patients remaining in the study for the full

week there was a recovery rate from dysphagia of 30.5 %.

Overall incidence of respiratory infection was 11 %.

Respiratory infections developed in 17 % of patients with

dysphagia. Impaired Glasgow Coma Scale, ischemic

stroke, and significantly impaired mobility were associated

with swallowing difficulties. Being nil by mouth and

insertion of a nasogastric tube were significant predictors

for respiratory infections. This study of a large cohort of

acute stroke patients supports research indicating that

aspiration pneumonia is multifactorial in nature and the

incidence of respiratory infection is significant in the very

acute stroke period.

Keywords Deglutition � Deglutition disorders � Stroke �
Aspiration pneumonia � Nil by mouth

Introduction

Dysphagia is a frequent occurrence post stroke. Swallow-

ing problems are reported in 37–78 % of stroke patients

depending on the timing of screening and assessments used

[1]. Half of acute stroke patients recover from dysphagia in

the first 2 weeks, with the other half having chronic dys-

phagia [2, 3]. Research into predictors of dysphagia in

stroke have identified older age ([70 years) and more

severe strokes to be associated with swallowing compli-

cations [4]. Dysphagia may increase length of stay in

hospital by 73 %, with only 14 % of patients without

dysphagia requiring ongoing hospitalisation longer than

7 days [5].

Current dysphagia management involves reducing

aspiration risk through diet and fluid modification, com-

pensatory manoeuvres and positional changes, and reha-

bilitation exercises [6]. Patients with dysphagia have an
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increased risk of developing a respiratory infection [1, 7,

8]. Up to 48 % of dysphagic stroke patients develop aspi-

ration pneumonia; however, up to half of stroke patients

who develop pneumonia do not have dysphagia. Instru-

mental evaluations that directly demonstrate dysphagia

show little correlation between aspiration and development

of aspiration pneumonia [9], supporting the hypothesis that

other factors are involved [10, 11]. Recently, factors such

as decreased mobility, poor oral hygiene, and feeding tubes

have been investigated [12].

Some stroke patients with dysphagia are made to go nil

by mouth (NBM) to substantially restrict oral intake and

reduce the risk of aspiration. These patients will often have

feeding tubes inserted to meet their nutrition and hydration

requirements. However, despite the perception that by

making a patient NBM the risk of aspiration is decreased,

the relationship between aspiration and development of

respiratory infections has been shown to be complicated by

several other factors, including the bacterial load in the oral

cavity, with poor oral hygiene and number of decayed teeth

found to be significantly associated with an increased risk

of developing respiratory infections [9]. In fact, the pre-

sence of feeding tubes has been investigated for a possible

link to developing aspiration pneumonia. Nakajoh et al.

[13] found the frequency of pneumonia was significantly

higher in patients with dysphagia who were fed orally than

in those who were tube fed. In contrast, another study

found that patients with dysphagia who were dependent on

tube feeding were significantly more likely to receive

antibiotics for respiratory infections than orally fed coun-

terparts [12]. Tube feeding does not alter the risk of aspi-

ration of refluxed gastric contents resulting in aspiration

pneumonia [9]. Langdon et al. [12] suggested postponing

enteral feeding in patients with dysphagia who are unable

to safely tolerate oral intake for the first few days after

stroke; they stated that feeding tubes offer no protection

from aspiration of oral secretions and may promote colo-

nisation of the oral cavity by pathogenic bacteria as bio-

films that harbor bacteria form on the tubes within 24 h of

insertion [12]. A significant correlation between the pre-

sence of pathogenic bacteria in the oral cavity and the

occurrence of pneumonia has been demonstrated, while

increased attention to oral hygiene is linked to a reduced

pneumonia incidence [14, 15].

The impact of dysphagia and aspiration pneumonia on

healthcare costs is significant and is expected to increase as

the population ages [16]. A heightened understanding of

the very acute (up to 7 days) stroke period and the

relationship between dysphagia and aspiration pneumonia

can lead to improved management of stroke patients.

Research into risk factors for aspiration pneumonia is a

first step in discovering strategies to reduce post-stroke

infections.

This article hypotheses that (1) 50 % or more of acute

stroke hospital admissions will be dysphagic, (2) a signif-

icant proportion of patients will have their dysphagia

resolve in the first week, and (3) factors other than dys-

phagia will be significant predictors of patients developing

respiratory infections.

Materials and Methods

A retrospective medical record review was undertaken on

patients admitted to Australian tertiary hospitals in 2010

with a primary diagnosis of ‘‘Stroke’’ or ‘‘CVA.’’ All

stroke patients were included regardless of stroke history;

however, patients presenting with a subarachnoid or sub-

dural haemorrhage were excluded. We reviewed the med-

ical records of 536 patients from six hospitals who agreed

to participate in the study. Medical admission data and

standard of care were similar across settings, making col-

lection and standardization of data possible. Data that were

not in the medical record were marked as ‘‘not recorded.’’

Data were collected from medical records by speech

pathologists using a standardised de-identified data col-

lection form. Collected data included (1) demographic

details (age, gender), (2) stroke type (Oxford Stroke

Classification), (3) stroke severity [Glasgow Coma Scale

(GCS) on arrival, continence status on arrival, Barthel

score], (4) premorbid living arrangement and level of

support, (5) number of medications per day, (6) presence or

absence of comorbidities (smoking, diabetes, respiratory,

or GI disorder), (7) mobility (premorbid, on admission, and

at day 7), (8) dysphagia documented by speech pathologist

in the medical record (premorbid, on admission, days 3–4,

and days 6–7), (9) NBM (days 1–2, days 3–4, and day 6–7),

(10) requiring modified diet or fluids and type (days 1–2,

days 3–4, and days 6–7), (11) presence or absence of a

NGT during the first week, (12) presence or absence of

enteral feeding during the first week, (13) presence or

absence of infection, type, and day of diagnosis, and (14)

discharge destination. These variables were chosen because

they have been shown in previous studies [8, 9, 17] to be

associated with increased risk of respiratory infections.

Dysphagia and the time point were marked as recorded

based on a documented diagnosis by the treating speech

pathologist in the medical record entry. Standard practice

for diagnosing a patient with dysphagia was used, includ-

ing, but not limited to, clinical bedside evaluation of

swallowing. Specific criteria for diagnosis were not speci-

fied. All patients who were NBM were recorded irrespec-

tive of whether it was because of dysphagia.

All data were entered into a central electronic file and

analysed using the R environment for statistical computing

[18] and SPSS Statistics for Windows (IBM Corp.,
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Armonk, NY, USA). Of the 536 cases, 3 were excluded as

they developed more than one infection. The relationship

between clinical factors, dysphagia, and respiratory infec-

tions was analysed using univariate and multivariate binary

logistics. Variable selection was carried out using an

information criteria approach and the graphical techniques

described in medical statistics [19]. Adjusted and unad-

justed odds ratios (OR) and associated 95 % confidence

intervals (CI) are presented.

Results

Demographics and Dysphagia

The sample comprised 292 (54.8 %) men and 241 (45.2 %)

women with an average of 71 years (SD = ±14.9). There

were 339 (63.6 %) ischemic strokes, 139 (26.1 %) haem-

orrhagic strokes, and 55 (10.3 %) marked as ‘‘not recor-

ded.’’ During the first week 40 (7.5 %) deaths occurred.

Preadmission dysphagia was recorded for 23 (4.3 %)

patients and there were 68 (12.8 %) patients who were ‘‘not

recorded.’’ Dysphagia was recorded in 312 (58.5 %) stroke

patients on admission, with an average age of 73 years

(SD = ±13.8). The average age for patients without dys-

phagia was 67 years (SD = ±15.5). There were 4 patients

who were marked as ‘‘not recorded’’ for dysphagia on

admission.

There were 378 patients who were followed up for the

full 7 days of the study. Figure 1 shows the decrease in the

proportion of patients with dysphagia over the first week.

The percentage of these patients with dysphagia on

admission was 67.2 %, which decreased to 52.1 % on days

3–4 and further decreased to 46.0 % on day 7. There were

35 % of patients who were dysphagic on admission who

had resolved their swallowing problems within the first

week.

There were 98 (18.4 %) follow-up patients who had a

NGT inserted during the first week and one patient was

‘‘not recorded.’’ Of those who had a NGT inserted during

the first week, there were 93 (95.9 %) patients who were

dysphagic on admission. On days 1–2 post stroke, 228

(73.1 %) patients with dysphagia were NBM. Of the 254

patients who were dysphagic on admission and remained in

the study for the full week, there were 186 (73.2 %)

patients who were NBM on days 1–2; by day 7, a total of

132 (71.0 %) of these patients were no longer NBM. The

highest percentage of dysphagic stroke patients were still

inpatients at the end of the first week (124 patients,

39.7 %), followed by 74 (23.7 %) who went to a rehabil-

itation destination, 61 (19.6 %) went home, 36 (11.5 %)

died, and 17 (5.5 %) went to residential care. In compari-

son, in the stroke patients with no dysphagia recorded,

there were 3 (1.4 %) deaths in the first week and 65 (30 %)

remained in hospital.

Predictors of Dysphagia

Univariately, the proportion of individuals with dysphagia

differed by age, incontinence (79 % being incontinent,

46 % not), GCS (91 % with severe, 83 % with mild, and

48 % with normal), sex (58 % males, 67 % females), and

admission mobility (91 % requiring full assistance, 54 %

using aid, and 31 % independent). Multivariately, after

adjusting for all other variables, mild GCS compared to

normal GCS [OR 2.59; 95 % CI (1.36,4.92); p = 0.0037],

ischaemic strokes compared to haemorrhagic strokes [4.01;

95 % CI (2.06,7.81); p \ 0.0001], and full assistance with

mobility compared to independent mobility [OR 30.09

(95 % CI (12.34,73.35); p \ 0.0001] were all associated

with dysphagia (Table 1).

Respiratory Infection

Respiratory infections developed in 60 (11.3 %) patients and

in 52 (16.7 %) patients with dysphagia. Univariately, the

proportion of individuals with an infection differed with

respect to mobility at admission (24 % requiring full assis-

tance, 4 % using aids, and 1 % being independent), dys-

phagia at admission (17 % with dysphagia and 3 % with no

dysphagia), GCS (34 % with severe, 19 % with mild, and

5 % with normal), incontinence (22 % being incontinent and

3 % not), dysphagia at any time point (17 % with dysphagia

and 0.5 % without), NGT (37 % with NGT and 5 % with-

out), and NBM (21 % NBM and 2 % not). However, looking

at admission variables only multivariately, after adjusting for

all other variables the odds of respiratory infection were 6.48
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times [95 % CI (1.35,31.16); p = 0.0198] higher for patients

requiring full assistance with mobility compared to patients

independently mobilising and 3.21 times [95 % CI

(1.16,8.87); p = 0.025] higher if they were incontinent.

During the first week post stroke, multivariately dys-

phagia ceased to be significantly associated with stroke,

while NGT [OR 3.91; 95 % CI (1.73,8.80); p = 0.001] and

being NBM [OR 5.62; 95 % CI (1.54,20.46); p = 0.0089]

were independently associated (Table 2).

Discussion

We analysed the incidence and associations between dys-

phagia and respiratory infections in acute stroke patients in

the first 7 days post stroke. Dysphagia was determined

using clinical bedside assessments and was reported in

58 % of stroke patients, supporting our hypothesis that

50 % or more of acute stroke hospital admissions will be

dysphagic. It is commonly reported that clinical bedside

assessments of swallowing underestimate the real inci-

dence of dysphagia when compared to instrumental eval-

uation; therefore, the actual incidence may be higher [2]. In

the first 2 days after stroke, 73 % of patients were NBM.

As part of the stroke protocol, many stroke patients are

NBM while waiting for swallowing assessment, overin-

flating the incidence. Prior studies of recovery rate in the

first week post stroke report quite variable rates of between

19 and 51 %, with residual dysphagia on day 7 [8, 17]. In

our sample, 33 % were recorded as having ongoing

dysphagia on day 7, the disparity likely reflecting meth-

odological differences among studies. Mortality rates in

this study were similar to those in prior research [8]. One

week post stroke, dysphagic patients were more likely to

still be in hospital, be discharged to residential care, or

deceased compared to their nondysphagic counterparts,

which is in keeping with previous reports [20].

Dysphagia was not a significant independent predictor

for respiratory infection in this study. Of note, patients who

were immobile or incontinent were more likely to get a

respiratory infection than a patient with dysphagia. Patients

with a NGT were significantly more likely to develop

respiratory infections than survivors fed orally, replicating

the findings of other studies [9, 12, 21]. However, as 95 %

of patients with a NGT were dysphagic, we cannot deter-

mine whether increased dysphagia severity, and hence

having a NGT in situ, accounts for the relationship between

having a NGT and respiratory infection. A 38 % incidence

of pneumonia in acute NGT-fed patients warrants further

investigation into the management of these patients.

Challenges include distinguishing whether pathogenesis of

respiratory infections is aspiration of refluxed tube feedings

or bacteria-laden saliva [9]. Stroke patients are immuno-

compromised and often elderly or dependent on others for

oral care, contributing to an increased risk of colonisation

in the oropharynx [17].

Stroke survivors who need full assistance with mobility

were 6.5 times more likely to develop a chest infection than

independently mobilising patients. Decreased mobility may

relate to decreased air entry and impaired drainage of

Table 1 Explanatory values by

dysphagia

NS not significant

Variables Univariate Multivariate

OR 95 % CI OR 95 % CI p

Age

60–69 vs. \60 2.3 1.31–4.02 – – NS

70–79 vs. \60 1.94 1.18–3.21 – –

80? vs. \60 3.76 2.27–6.20 – –

Incontinence on admission

Yes vs. no 4.51 2.91–7.01 – – NS

GCS

Mild (10–14) vs. normal (15) 5.43 3.42–8.61 2.59 1.36–4.92 0.0037

Severe (3–9) vs. normal (15) 11.58 3.47–38.59 1.85 0.45–7.58 0.3947

Severe (3–9) vs. mild (10–14) 2.13 0.61–7.45 0.71 0.17–2.97 0.6426

Stroke type

Ischaemic vs. haemorrhagic 1.37 0.92–2.06 4.01 2.06–7.81 \0.0001

Sex

Female vs. male 1.49 1.04–2.13 – – NS

Admission mobility

Uses aid vs. independent 2.56 1.61–4.08 2.37 1.29–4.35 0.0052

Full assistance vs. independent 21.44 12.01–38.28 30.09 12.34–73.35 \0.0001

Full assistance vs. uses aid 8.36 4.82–14.51 12.69 5.52–29.18 \0.0001

E. Brogan et al.: Respiratory Infections in Acute Stroke 343

123



secretions from the lungs, contributing to increased rates of

pneumonia. Rotating immobile patients in bed has been

proven to prevent and treat chest infections [22]. Another

independent predictor of respiratory infection was incon-

tinence on admission, with 70 % of this group developing a

chest infection. Incontinence on admission may be a

measure of stroke severity and when linked with stroke-

induced immunosuppression, severe stroke patients may be

more susceptible to infections [10, 23].

To our knowledge this is the first documented finding of

ischemic stroke type being an independent predictor of

dysphagia. This may be because many prior studies have

not compared ischemic stroke with haemorrhagic stroke

with dysphagia, including only the more common ischemic

strokes. Haemorrhagic strokes have been reported to cause

more severe dysphagia [24, 25] and are associated with

increased mortality. Total anterior circulation infarct

(TACI) strokes have also been reported to have an

increased likelihood of dysphagia [17].

The above evidence highlights the multifactorial nature

of aspiration pneumonia. Dysphagia may be a contributing

but not the only factor in causing pneumonia, supporting

earlier work in this field [9, 12]. We advocate for continued

research into the factors contributing to aspiration pneu-

monia. We propose that being immunocompromised post

stroke, poor oral hygiene, use of a feeding tube, and poor

mobility have significant roles to play. Further investiga-

tion into these factors may contribute toward prevention of

pneumonia in this vulnerable population.

Limitations

The main limitation of this study is its design. Our study

was a retrospective chart review that relies on accurate

Table 2 Explanatory values by respiratory infection

Variables Univariate Multivariate on admission Multivariate first week

OR 95 % CI OR 95 % CI p OR 95 % CI p

Age

60–69 vs. \60 1.2 0.50–2.90 – – NS – – NS

70–79 vs. \60 1.36 0.61–3.01 – – – –

80? vs. \60 1.19 0.55–2.58 – – – –

Incontinence on admission

Yes vs. no 8.28 4.89–27.51 3.21 1.16–8.87 0.0245 3.81 1.47–9.90 0.0061

GCS

Mild (10–14) vs. normal (15) 4.67 2.45–8.90 – – NS – – NS

Severe (3–9) vs. normal (15) 10.5 4.40–25.06 – – – –

Severe (3–9) vs. mild (10–14) 2.25 1.01–4.99 – – – –

Sex

Female vs. male 0.92 0.53–1.58 – – NS – – NS

Admission mobility

Uses aid vs. independent 3.09 0.63–15.11 1.85 0.34–10.01 0.4759 – – NS

Full assistance vs. independent 22.1 5.29–92.39 6.48 1.35–31.16 0.0198 – –

Full assistance vs. uses aid 7.15 3.15–16.23 3.5 1.23–9.96 0.0187 – –

Dysphagia on admission

Yes vs. no 7.03 2.96–16.69 – – NS NA

Number of medications

C5 vs. \5 1.63 0.89–2.97 – – NS – – NS

Dysphagia at any time point

Yes vs. no 42.07 5.78–306.35 NA – – NS

NGT

Yes vs. no 10.38 5.77–18.67 NA 3.91 1.73–8.80 0.001

NBM

Yes vs. no 11.6 4.89–27.51 NA 5.62 1.54–20.46 0.0089

Modified diet

Yes vs. no 2.03 1.18–3.51 NA – – NS

NS not significant, NA not included in analysis
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reporting and classification and is subject to errors in

documentation. All patients who were NBM were recorded

irrespective of whether this was related to dysphagia.

Including patients who were NBM due to dysphagia would

assist only in clarifying the relationship and is a potential

area for future study. A standardised measure of dysphagia,

such as the gold standard videofluoroscopy, was not used in

this study due to the retrospective nature of a chart review;

therefore, reliability of diagnosis cannot be determined.

Similarly, criteria for diagnosing aspiration pneumonia

relied on medical expertise and were not specified. Docu-

mented infections were presumed to occur after stroke

onset; however, the possibility that infections were present

prior to the stroke cannot be excluded.

Conclusion

In a cohort of 536 patients, 58.8 % were diagnosed with

dysphagia in the first week post stroke. Of the stroke sur-

vivors with dysphagia, 17 % were diagnosed with a

respiratory infection. A very high incidence of respiratory

infection was seen in immobile patients with an associated

risk ratio of 6.5. Dysphagia was not identified as a signif-

icant predictor of respiratory infection on multivariate

analysis. However, being NBM (RR 3.91) or having a

nasogastric tube inserted (RR 5.62) was significantly

associated with developing respiratory infection. This

research reinforces the hypothesis that aspiration pneu-

monia is a multifactorial phenomenon and that being

immunocompromised, poor oral hygiene, use of a feeding

tube, and poor mobility are contributing factors in the acute

stroke period. Further studies should examine the potential

of modifying risk factors to decrease infections.
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