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Background: In stroke patients, early complications such as swallowing disorders
(SD) and bronchopneumonia (BP) are frequent and may worsen outcome. The aim
of this study was to evaluate the prevalence of SD in acute ischemic stroke (AIS)
and the risk of BP, as well as to identify factors associated with these conditions.
Methods: We retrospectively studied all AISs over a 12-month period in a single-cen-
ter registry. We determined the frequency of SD in the first 7 days and of BP over
the entire hospital stay. Associations of SD and BP with patient characteristics,
stroke features, dental status, and presence of a feeding tube were analyzed in mul-
tivariate analyses. Results: In the 340 consecutive patients, the overall frequency of
SD and BP was 23.8% and 11.5%, respectively. The multivariate analyses showed
significant associations of SD with NIHSS scores >4, involvement of the medulla
oblongata and wearing a dental prosthesis (area under the receiver-operator curve
(AUC) of 76%). BP was significantly associated with NIHSS scores >4, male sex,
bilateral cerebral lesions, the presence of SD, and the use of an enteral feeding tube
(AUC 84%). In unadjusted analysis, unfavorable 12-month outcome and mortality
were increased in the presence of SD. Conclusion: In AIS, SD and BP are associated
with stroke severity and localization and wearing a dental prosthesis increases the
risk of SD. Given that patients with SD have an increased risk of poor outcome and
mortality, high-risk patients warrant early interventions, including more random-
ized trials.
Key Words: Swallowing disorders—dysphagia—acute ischemic stroke—
bronchopneumonia—speech therapy—predictive factors
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Introduction

Swallowing disorders (SD) and bronchopneumonia
(BP) are frequent problems in the acute phase of stroke,
prolonging hospital stay and may alter a patient’s long-
term outcome and mortality.1,2 The frequency of these
stroke complications is linked to several factors such as
the type of stroke, the location of the cerebral lesion, the
age or the associated comorbidities.1�4

Although there is no international consensus on the
choice of SD screening,1,5 the early identification and mul-
tidisciplinary management of SD during the first weeks
after stroke are key components in acute stroke unit care 6

and for improved outcome.5,7,8 SD increase the risk of BP
related to aspiration,1,2 but are not the only factors respon-
sible. Comorbidities9 and alteration of the immune system
in the acute stroke phase10 also play important roles. Nev-
ertheless, in order to reduce the risk of respiratory infec-
tions, the management of SD includes rehabilitation with
a speech therapist.
Several studies identified factors associated with the

risk of developing SD or BP after stroke, but few have
applied methods using multivariate analysis.
The aim of this study was to assess the prevalence of SD

in consecutive acute ischemic stroke (AIS) patients in the
first 7 days of hospitalization and estimate the risk of
developing BP over the entire hospital stay. Furthermore,
we evaluated the mortality rate in cases of SD and BP and
identified predictors of SD and BP.

Materials and Methods

We carried out a retrospective study of 340 AIS patients
admitted consecutively to the Stroke Unit and/or inten-
sive care service of the Lausanne University Hospital
(CHUV), between January 1 and December 31, 2015. We
extracted data from the ASTRAL registry (Acute STroke
Registry and Analysis of Lausanne11) that collects, in a
prespecified manner, all patients admitted within 24 hours
of their last known well time, including recurrent ischemic
strokes. In ASTRAL, a large amount of demographic data
(age, sex), risk factors (hypertension, smoking, diabetes,
hyperlipidemia, body mass index [BMI]), past cerebrovas-
cular events, and acute clinical data (admission NIHSS
score, clinical deficits) are recorded. Also, vascular territo-
ries and cerebral structures affected, as well as stroke
mechanism according to the TOAST classification12

are registered. In all AIS patients retrieved from ASTRAL,
the medical records and notes of the swallowing therapist
and the nurse were reviewed to identify the presence of a
dental prosthesis, SD, BP, nasogastric tube feeding (NGT)
and percutaneous gastrostomy (PEG) insertion during the
hospitalization (Table 1).
All AIS patients in our institution undergo a standard-

ized bedside SD screening test from the patient nurse
within 24 hours of admission, unless bronchopneumonia
was apparent. The test is DePippo’s13 modified version of
the Burke Dysphagia Screening Test by and consists of
swallowing 90 mL of water and watching for coughs or
voice change after swallowing. If patients cough or have a
hoarse voice, we consider the test as failed. If unsuccess-
ful, SD is considered present and the patient is kept nil-
by-mouth, with the test repeated the next day. If patients
do not cough or change voice at test 1, we repeat the test.
If the second test shows no changes, we consider the
patient without SD, but repeat the test in cases of clinical
worsening. For oral feeding of patients who do not pass a
second test, thickened liquids are tried; if successful swal-
lowing occurs, these patients are given food with adapted
texture.
For this study, we considered patients had SD if test 1

or 2 of the swallowing screening test showed cough or
voice change (pathological), if the patients spontaneous
complain of a swallowing disorders without swallowing
screening test and if their food texture had to be adapted,
or if they required specialized speech therapy in their first
7 days of hospitalization; our standardized protocol
involved a speech therapy upon the dysphagia screening
is pathological.
We identified BP retrospectively in medical records. We

assigned BP if the diagnosis was present in medical charts
or discharge letters; in our stroke center, we diagnose BP
as presence of “new lung infiltrate plus clinical evidence
that the infiltrate is of an infectious origin, which includes
the new onset of fever, purulent sputum, leukocytosis,
and decline in oxygenation.”14

Rankin-certified personnel assessed Rankin score,
including mortality at 12 months in a structured tele-
phone interview, using the modified Rankin score (mRs).
We considered outcome was favorable if the difference
between long-term (12 months) and prestroke mRS was
�2 for the corrected mRS.
A statistician (M.F.) performed the statistical analyses

using STATA 14.1 (StataCorp. 2017. Stata Statistical Soft-
ware: Release 15. College Station, TX: StataCorp LLC).
We describe correlation of SD and BP with demographic
and clinical variables, risk factors, and localization with
the odds ratio (OR), its confidence intervals at 95% (95%
CI) and the P value. We performed logistic regression
with all variables having P< .20 in the univariate compar-
ison. We tested retained multivariable models with the
“Pearson or Hosmer-Lemeshow goodness-of-fit test.”
Finally, we evaluated the power of prediction for the com-
plications of each model using the area under the receiver-
operator curve (AUC) (Figs 1 and 2). We set a P value
<.05 as significant in the multivariate analyses.
The local ethics committee (Canton Vaud, Switzerland)

approved the study protocol on 30.05.16 (project ID: 2016-
00523). Since it is often not possible to obtain informed con-
sent in patients with acute cerebrovascular diseases due to
acute or pre-existing cognitive impairment (cognitive/
dementia), the principle of “lack of consent” according to
Art. 34 HRL applies (Human Research Law, Lack of Consent



Table 1. Baseline characteristics and 12-month outcomes of study patients

Total, N = 340 Without SD With SD With BP SD and BP

Number of patients, n (%) 259 (76.2) 81 (23.8) 39 (11.5) 24 (7.1)

Age years (Median § IQR) 75.3 § 18.9 77.8 § 18.7 80.7 §16.2 77.2 § 20.0

Sex (women) 115 (44.4) 41 (50.6) 12 (30.8) 7 (29.2)

Hypertension 192 (74.1) 65 (80.3) 35 (89.7) 22 (91.2)

Diabetes 52 (20.1) 16 (19.8) 9 (23.1) 3 (12.5)

Hyperlipidemia 202 (78.0) 64 (79.0) 32 (82.1) 19 (79.2)

Current smoking 47 (18.4) 19 (23.8) 10 (27.0) 9 (37.5)

Atrial fibrillation 74 (28.6) 41 (50.6) 21 (53.9) 15 (62.5)

Previous clinical stroke (or TIA), n (%) 58 (23.6) 14 (17.8) 8 (21.1) 6 (26.1)

BMI (kg/m2) (Median § IQR) 25.4 § 6.9 25.0 § 7.0 25.9 § 8.0 24.5 § 6.0

NIHSS at admission, n (%)

(Median § IQR) 5.0 § 10.0 11.5 § 12.0 14.0 § 12.0 13.0 § 13.5

[0-4] 113 (45.0) 10 (12.8) 1 (2.6) 1 (4.2)

[5-15] 95 (37.9) 39 (50.0) 22 (56.4) 12 (50.0)

>15 [16-36] 43 (17.1) 29 (37.2) 16 (41.0) 11 (45.8)

Mechanism (modified TOAST), n (%)

Atherosclerosis 32 (14.5) 12 (16.0) 6 (17.1) 4 (18.2)

Cardioembolism 75 (33.9) 32 (42.7) 16 (45.7) 11 (50.0)

Small-vessel occlusion 19 (8.6) 4 (5.3) 1 (2.9) 1 (4.6)

Other determined etiology 24 (10.9) 9 (12.0) 3 (8.6) 2 (9.1)

Undetermined etiology 71 (32.1) 18 (24.0) 9 (25.7) 4 (18.2)

Side of stroke, n (%)

Bilateral 24 (9.6) 7 (8.8) 8 (21.6) 6 (26.1)

Vascular territory, n (%)

Anterior circulation 170 (71.4) 63 (80.8) 28 (73.7) 16 (69.6)

Posterior circulation 51 (21.4) 10 (12.8) 7 (18.4) 4 (17.4)

Simultaneous anterior and posterior 9 (3.8) 4 (5.1) 3 (7.9) 3 (13.0)

Cerebral structure affected, n (%)

Frontal lobe 121 (60.2) 47 (72.3) 19 (67.9) 13 (68.4)

Temporal lobe 77 (38.1) 37 (56.9) 16 (57.1) 12 (63.2)

Parietal lobe 110 (54.5) 46 (70.8) 20 (71.4) 15 (79.0)

Occipital lobe 24 (11.7) 5 (7.8) 5 (17.2) 3 (16.7)

Thalamic 18 (8.8) 3 (4.7) 1 (3.7) 1 (5.6)

Mesencephalic 15 (7.4) 5 (7.7) 4 (14.3) 4 (21.1)

Pontic 13 (6.4) 6 (9.2) 5 (17.9) 4 (21.0)

Medulla oblongata 2 (1) 4 (6.3) 3 (11.1) 2 (11.1)

Cerebellar 18 (8.9) 8 (12.3) 4 (14.3) 3 (15.8)

Multiple territories 9 (4.5) 5 (7.7) 3 (10.7) 3 (15.8)

Undetermined localization (mostly lacunar strokes) 10 (5.0) 1 (1.6) 0 (0) 0 (0)

Dental prosthesis, n (%) 10 (3.9) 13 (16.1) 5 (12.8) 4 (16.7)

Swallowing disorders, n (%) - 81 (100) 24 (61.5) 24 (100)

NGT or PEG, n (%) 11 (4.3) 45 (55.6) 20 (51.3) 18 (75.0)

In hospital mortality, n (%) 22 (8.5) 7 (8.9) 6 (15.8) 4 (17.4)

Unfavorable outcome at 12 months 78 (33.8) 54 (74.0) 29 (82.9) 19 (86.4)

Mortality at 12 months 49 (21.2) 26 (35.6) 18 (51.4) 11 (50.0)

Abbreviations: BMI, body mass index; BP, bronchopneumonia; IQR, interquartile range; NIHSS, National Institutes of Health Stroke

Scale; SD, swallowing disorders; TOAST, Trial of Org 10172 in Acute Stroke Treatment.

Percent refers to recorded values only and missing values were omitted.
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or Information, Federal Law - Switzerland); any refusal by
the data subject has been respected. In 2007, the ethic com-
mittee accepted the use of clinical, radiological, and biologi-
cal data from patients with AIS collected for routine
management in the Cerebrovascular Centre of the ASTRAL
Registry for research purposes without written consent.
Results

Over the 12-month observation period, we extracted
340 patients with AIS from ASTRAL for this analysis. One
hundred and fifty-seven were women (45.9%), and the
median age was 75 years (IQR = 18 with a range of 21-96



Figure 1. ROC curve for factors associated with swallowing disorders (SD).
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years). Median length of hospital stay was 8 days
(IQR = 9), and ranged from 0-50 days.
One hundred and forty-eight patients (43.2%) had a

standardized swallowing test documented in the medical
record, of which 51 (51/148 = 34.5%) were pathological.
Adding other swallowing difficulty criteria (adaptation of
food texture, logopedic treatment), 81 patients (23.6%)
suffered SD. Seventy-four of these SD patients (91.4%)
received swallowing therapy from a logopedist during
their hospitalization. We list other baseline variables all
patients in Table 1.
Figure 2. ROC curve for factors associa
Of the 39 patients (11.5%) with documented BP over the
entire hospital stay, there are 24/39 (61.5%) with SD and
of which 22/24 patients (91.7%) patients with SD and BP
had a logopedic treatment, while the 17 (17/39) other BP
patients had no treatment.
On the other side, they were 81 patients with SD whose

74 received a logopedic treatment for SD. Among the 7
SD patients who did not receive treatment (81 SD minus
74 logopedist treated), 2 out of them had BP and 2 were in
palliative care. The remaining 3 of 7 SD patients without
logopedic treatment were transferred to other hospitals
ted with bronchopneumonia (BP).
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before we initiated treatment. Patients with BP and SD
had a higher mean NIHSS score in univariate analysis,
compared to those without SD (14.6 § 8.5 versus 13.2 §
6.2) and their main stroke-cause was cardioembolic.
A NGT was inserted at least once in 56 patients (16.5%)

and a PEG was used before discharge in 2 (2/340 = .6%)
patients.
Twenty-nine patients (8.6%) died from this cohort dur-

ing hospitalization, 7 of the patients had SD and 6 BP.
According to our multivariate analysis (Table 2), the

variables associated with increased risk of SD are a mod-
erate-to-severe neurological deficit on admission (NIHSS
score between 5 and 15 (OR 6.17, P < .001) or above 16
(OR 9.35; P < .001), wearing a dental prosthesis (OR 3.04;
P < .038), involvement of the medulla oblongata (OR
20.11; P = .003). The model had an AUC of 75.8%.
Table 3 shows the multivariate analysis for factors asso-

ciated with BP. We found significant association for male
sex (OR 2.33, P = .043), moderate-to-severe neurological
deficit on admission (OR 21.16, P = .004; above 16, OR
23.14, P = .004), bilateral cerebral lesions (OR 4.13, P =
.013), SD (OR 3.40, P = .010), and presence of a NGT or
PEG (OR 2.4). In this multivariate model, the AUC was
84.4%.
Unadjusted 12-month functional outcome was more

often unfavorable in patients with SD (OR 5.6, P = .014)
and mortality was higher (OR 2.1, P < .001), and even
more in patients with BP (unfavorable outcome: OR 7.8, P
< .001; mortality OR 3.9, P < .001).
Discussion

In a retrospective analysis using a standardized SD pro-
tocol, we found a SD frequency of 23.6% in the first 7 days
after admission and a BP frequency of 11.5%.
In multivariate analyses, SD and BP were associated

with several factors, such as stroke severity and localiza-
tion. SD was also associated with having a dental
Table 2. Factors associated with swallowin

Variable OR

NIHSS at admission

0-4 (reference) -

5-15 6.2

>15 9.3

Medulla oblongata involvement 20.1

Dental prosthesis 3.0

AUC for SD prediction: .76

Abbreviations: AUC, area under cover; 95% CI, 95% confidence inte

ratio; SD, swallowing disorders.

Asterisks denote statistical significance.

*P < .05.
**P < .01.
***P < .001.
prosthesis. Twelve-month outcome was clearly better with-
out SD in terms of function and mortality, confirming pre-
vious studies. In addition, our findings support that an
early screening for SD would prevent BP after AIS, and
thus reduce the proportion of mortality associated with BP
and SD in poststroke recovery, knowing that other causes
can cause death in these multimorbidities patients.15,2

The prevalence of SD and BP is consistent with previ-
ous studies based on clinical screening.1,16,17 Our results
are lower than studies which used technical screening
methods that are more sensitive for SD.4 These data
emphasize the necessity to assess dysphagia in the early
phase of acute stroke in order to put into place measures
to reduce its impact on the patient.15,18�20

Previous studies have described the statistical associa-
tion between SD and BP and stroke severity,15,19,21�23 and
our multivariate analyses lend further support to this
association.
The previous authors’ views on the correlation of the

topography of stroke lesions and SD or BP are controver-
sial.16,24,25,19,22 Our multivariate analyses specifically
highlight a statistical association of medullary lesions
with SD.16,24 This seems plausible, given the importance
of this structure in the execution and control of swallow-
ing.
In our study, and in contrast to previous studies,26,13,27

there is no significant association between the dysphagia
and the side of the brain affected by the stroke. How-
ever, we found a significant correlation between BP and
bilateral cerebral lesions, independent of stroke severity.
The likely explanation for this observation is that most of
the central mechanisms involved in swallowing have
bilateral input allowing for better compensation of dys-
phagia in unilateral lesions, but inversely leads to worse
dysphagia if compensation from the other side of the
brain is deficient.
Although other studies have described a significantly

higher risk of BP in male patients,19 its reasons remain
g disorders in the multivariate analysis

Without SD versus With SD

95% CI P Value

- -

2.4-15.6 <.001***

3.4-25.4 <.001***

2.9-140.9 .003**

1.1-8.7 .038*

rval; NIHSS, National Institutes of Health Stroke Scale; OR, odds



Table 3. Factors associated with bronchopneumonia in the multivariate analysis

Without BP versus with BP

Variable OR 95% CI P Value

Male sex 2.3 1.0-5.3 .043*

NIHSS at admission

[0-4] - - -

[5-15] 21.2 2.6-170.7 .004**

>15 [16-36] 23.1 2.8-193.6 .004**

Bilateral cerebral lesion 4.1 1.4-12.6 .013*

Swallowing disorders 3.4 1.3-8.6 .010*

NGT or PEG 2.4 .9-6.4 .074

AUC for BP prediction: .84

Abbreviations: AUC, area under cover; BP, bronchopneumonia; 95%CI, 95% confidence interval; NGT, nasogastric tube; NIHSS,

National Institutes of Health Stroke Scale; OR, odds ratio; PEG, percutaneous gastrostomy.

Asterisks denote statistical significance.

*P < .05.
**P < .01.
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speculative. Discussed hypotheses are protective effects of
female hormones on the immune response and the differ-
ential distribution of risk factors between sexes.21

In univariate but not multivariate analysis, we found
that use of enteral feeding tubes was associated with BP,
as previously described.1,2,28 Routine early enteral feeding
is not recommended according to the FOOD trials 2 and
3, and our policy is to wait at least 5-7 days before NGT
placement for feeding, unless essential drugs need enteral
administration. For late enteral feeding in persistent dys-
phagia, placement of PEG seems superior to NGT, if a
patient needs support for more than 3 weeks.29,30

In our study, we showed that patients with dental pros-
theses are at higher risk for SD in multivariate analyses.
The reason for this observation could be that having a
dental prosthesis is an indicator of higher fragility and SD
risk; alternatively, swallowing with a prosthesis in sub-
acute stroke may be more difficult than with one’s own
teeth, or, patients did not wear it while hospitalized lead-
ing to altered mastication and swallowing process. To our
knowledge, other studies have not reported an impact of
dental prostheses on SD in the acute phase after stroke.
Our study has several limitations, including being a ret-

rospective study using a stroke registry and additional
information from medical records that may lead to under-
reporting of SD and BP. Second, documentation of a stan-
dardized swallowing assessment was missing in more
than half of our patients, again leading to potential under-
estimation of SD. The main reason for this lack of a formal-
ized assessment was absence of suspicion of SD by the
nurses or physicians, and the intervention of speech thera-
pists without screening in case of an SD complaint from
the patient. It has been shown, however, that standardized
swallowing assessment is superior to simple clinical obser-
vation,15 and leads to better outcomes.6 Finally, we did not
evaluate the long-term course of SD in our patients.
Conclusion

In conclusion, our study identified 3 factors associated
with risk of SD and 5 with BP. All these factors are non-
modifiable except for tube feeding and; whether the latter
is a cause or consequence of SD and BP remains open.
Nonetheless, knowledge of these factors may allow

clinicians to identify readily AIS patients at high risk of
developing these complications to intensify their monitor-
ing and early interventions to prevent them. Still, the
number of randomized trials to identify effective early
treatment is very limited and we now need such trials to
guide best clinical practice.
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