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Abstract

Stroke-associated pneumonia (SAP) is a frequent complication in acute ischemic stroke (IS) patients, especially those
receiving tube feeding (TF). In this retrospective study, we investigated whether or not cilostazol, a pluripotent phos-
phodiesterase III-specific inhibitor with anti-platelet and vasculogenic effects, can prevent SAP in these patients and reduce
their duration of stay in intensive care unit/hospitalization. We recruited 158 IS patients receiving TF. Patients’ charac-
teristics (including age, gender, past history), National Institute of Health Stroke Scale and serum albumin level on
admission, concomitant medications associated with SAP prevention (including cilostazol), and stroke characteristics
(bilateral subcortical white matter lesion, brainstem involvement, large infarction, and asymptomatic hemorrhagic
infarction) were compared between the SAP(—) and SAP(+4) groups. Cilostazol was more frequently used in the SAP(—)
group (20.8% vs. 6.1%, p < 0.05). Duration of intensive care unit was longer in patients with SAP (9 £ 8 vs. 6 £ 6 days,
p < 0.05). However, the length of stay in an intensive care unit and duration of hospitalization were not reduced due to the
prevention of SAP by cilostazol treatment. Cilostazol administration was associated with reduced SAP incidence in acute
IS patients receiving TF.

Keywords Cilostazol - Stroke-associated pneumonia - Ischemic stroke - Aspiration pneumonia - Tube feeding -
Nutrition
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Introduction

Stroke-associated pneumonia (SAP) develops as a com-
plication in about 20% of acute ischemic stroke (IS)
patients [1], and development of SAP is associated with
increased mortality [2, 3]. Dysphagia is considered to be an
important risk factor for SAP, which is frequently detected
(64%) by swallowing endoscopy within 10 days after onset
in acute IS patients [4]. Clinically, about half of patients
with dysphagia develop SAP [5], and hence early detection
and treatment of dysphagia are important. There have been
several clinical studies on SAP prevention and on exami-
nations for SAP prediction [3, 6-8]. In particular, the
incidence of ventilator-associated SAP in acute IS patients
is correlated with advanced age, consciousness level,
immune suppression, and bedridden status [3]. On the other
hand, little is known about the relationship between SAP
and duration of stay in intensive care unit (ICU)/
hospitalization.

Tube feeding (TF) via nasogastric tube/percutaneous
endoscopic gastrostomy (NG/PEG) is often performed in
patients with disturbance of consciousness and/or dyspha-
gia [9]. In patients in intensive care, early enteral nutrition
by TF within 48 h after admission is considered to be
important for prevention of infection, reducing mortality,
and reducing the duration of stay in the ICU [10]. The
effectiveness of early enteral nutrition (started within
3 days or 7 days) in acute IS patients has been examined,
but no clear benefits in terms of mortality and neurological
outcomes were found [7]. Also, although early enteral
nutrition is recommended in terms of improvement in
immune function [10], about 37% of tube-fed acute IS
patients develop SAP and nasogastric tube can be a pre-
dictor for SAP [11].

Administration of atorvastatin before IS onset is asso-
ciated with a better outcome of SAP [12]. Cilostazol,
angiotensin-converting-enzyme inhibitor [ACEI], and
amantadine are also effective to prevent SAP in the chronic
phase of IS [13-15]. However, the relationship between
SAP prevention therapy and outcomes in acute IS patients
receiving TF has not been sufficiently assessed.

Since early administration of drugs in acute IS appears
to contribute to prevention of SAP, we hypothesized that it
might also reduce the duration of hospitalization/stay in
ICU of IS patients receiving TF. In particular, cilostazol is
frequently used for secondary prevention of chronic IS, as
well as for acute IS, although its efficacy is not fully
established. Therefore, the aims of this work were to
examine retrospectively the incidence of SAP in acute IS
patients receiving TF who were treated with cilostazol,
compared with other concomitant medications, and also to

investigate whether cilostazol administration influences the
duration of hospitalization/stay in ICU of these patients.

Materials and Methods
Study Design and Ethics Considerations

This study was a retrospective study and the subjects were
selected from 1511 consecutive acute IS patients admitted
to the Department of Neurology, Tokai University Hospital
between April 2009 and March 2014. This study was
approved by the Tokai University Ethics Committee (No.
14R-238). Informed consent was obtained from all recrui-
ted patients. The information about this study was informed
to patients by poster posting in our hospital.

Patient Population

We recruited 158 patients (72 females [45.6%]; mean
age = SD, 77 £ 13 years) who had suffered IS and met
the following criteria: required ICU management in the
acute phase; admitted within a week after onset; an
ischemic lesion was detected by magnetic resonance
imaging; received TF via nasogastric tube within a week
after onset. Diagnosis and classification of ischemic stroke
were based on the criteria of The Trial of Org 10172 in the
Acute Stroke Treatment classification [16]. In these
patients, TF was started at the discretion of the attending
clinician, based on the consciousness state and presence of
dysphagia. We also adopted the following exclusion cri-
teria: comorbidity of aspiration pneumonia on admission;
discharge within 2 weeks; managed by mechanical venti-
lation from admission; received craniotomy; received
antibiotics for infections other than pneumonia.

Data Collection

The following patient data were collected from medical
records at our hospital: age, gender, past history (hyper-
tension, diabetes mellitus, dyslipidemia), National Institute
of Health Stroke Scale (NIHSS) on admission, serum
albumin level on admission, concomitant medications
associated with SAP prevention and improvement of gas-
trointestinal motility (cilostazol, ACEI, amantadine, laxa-
tive [sennoside, picosulfate, and magnesium oxide],
intestinal prokinetic agent [mosapride and domperidone]),
and stroke characteristics based on magnetic resonance
imaging or computed tomography (bilateral subcortical
white matter lesion [WML], brainstem involvement [17],
large infarction [larger than one-third of the territory of
each vessel governing region] [18], and asymptomatic
hemorrhagic infarction [19]). Further, we also checked the
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strongly recommended reasons for ICU management
except for severe stroke symptoms (SAP [NIHSS > 17,
large infarction in middle cerebral artery territory, and
evidence of brainstem dysfunction], complications after
pharmacological/mechanical thrombectomy, postopera-
tively following decompressive craniectomy, the other
infections, and cardiac dysfunction) [20, 21].

Definition of Aspiration Pneumonia

We defined aspiration pneumonia as previously described
[22]: (1) temperature of at least 37.5 °C or higher on two
consecutive measurements or one measurement of 38.0 °C;
(2) a white blood cell count higher than 11,000/ul, and
chest infiltrates on radiography; (3) exclusion of other
diagnoses.

Primary and Secondary Outcomes

Primary endpoints were the incidence of SAP within 3 or
14 days from admission and the number of cilostazol
treatments up to the appearance of SAP (or up to 14 days
after admission, if SAP did not develop), according to
previous studies. Secondary endpoints were duration of
stay in ICU/hospitalization. Concomitant medications
started after the primary endpoints were not considered.

Statistical Analysis

The Chi-square test and ¢ test were used for categorical
data. Some data were non-parametric, and these were
expressed as median [interquartile range (IQR)] and ana-
lyzed with the Mann—Whitney U test. Statistical analyses
were performed using SPSS 23.0 (SPSS, Inc., Chicago, IL,
USA). The significance level was set at p < 0.05.

Results

IS subtypes of recruited patients were classified as follows:
large-artery atherosclerosis (AT), n =28 (17.7%); car-
dioembolism (CE), n =89 (56.3%); small-vessel occlu-
sion, n = 4 (2.6%); and other determined etiology, n = 37
(23.4%). CE was most frequently seen. Of the 158 patients,
33 (20.9%) developed SAP within 14 days after admission.
Fourteen of these (42.4%) developed SAP within 72 h after
admission.

Patients’ Characteristics
Tables 1 and 2 compare the characteristics of patients in

the SAP(—) group and SAP(+) group. There was no sig-
nificant difference of age, gender, NIHSS at admission (an
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indicator of the severity of IS), or serum level of albumin at
admission (reflecting nutritional condition) between the
two groups. There was also no significant difference of past
history of IS risk factors (hypertension, diabetes mellitus,
and dyslipidemia). There was no bias in lesion localization,
lesion size, stroke etiology, or co-existence of symptomatic
hemorrhage during hospitalization. The results were simi-
lar in all IS patients and in non-CE patients.

Relationship Between SAP Incidence
and Cilostazol Treatment

We examined the relationship between SAP incidence and
drug administration (Tables 1, 2). Administrations of
ACEI, amantadine, laxative, and intestinal prokinetic agent
were unrelated to SAP incidence. On the other hand,
cilostazol (200 mg/day) was more frequently used in the
SAP(—) group than in the SAP(+) group (20.8% vs. 6.1%,
p < 0.05). A significant difference was also seen in non-CE
patients (49.0% vs. 10.0%, p < 0.05). We found no other
significant difference between the characteristics of
patients in the SAP(—) and SAP(+) groups. Although
bilateral subcortical WML is one of the risk factors for
SAP, it was more frequently seen in SAP(—) group (69.9%
vs. 35.0%).

Treatment Course with Cilostazol

Cilostazol was administered as an initial treatment in 28
(17.7%) patients after admission. Patients’ characteristics
between SAP(—) group and SAP(+) group were not sig-
nificantly difference (Suppl. Table 1). Twenty-three
patients continued to receive cilostazol, while cilostazol
was stopped in 5 patients within 10-14 days after admis-
sion. Although these 5 patients were initially considered as
AT, 3 were subsequently diagnosed as CE due to parox-
ysmal atrial fibrillation (Paf [n =2]) or intracardiac
thrombus (n = 1) and cilostazol was switched to warfarin,
while 2 were switched to monotherapy with aspirin or
clopidogrel. Side effects were also seen in 8 cilostazol-
treated patients as follows: gastrointestinal bleeding (n = 2
[7.1%]), sinus tachycardia (n = 5 [17.9%]), and liver dys-
function (n = 1 [7.1%]). However, these adverse events did
not affect to stop the cilostazol treatment because of minor
symptoms.

Length of Stay in ICU and Hospitalization

We next considered the length of stay in ICU and duration
of hospitalization (Figs. 1, 2). On this study, the length of
stay in ICU and duration of hospitalization in all patients
were 7 &+ 6 and 46 + 21 days, respectively. Twelve of
SAP(+) patients (36.4%) and 39 of SAP(—) patients
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Zlal':r'zc:erii?:sms SAP(—) (n = 125) SAP(+) (n = 33) p value
Age (years)* 74 £ 11 80 £ 10 NS
Female genderh 58 (46.4) 13 (39.4) NS
NIHSS at baseline® 13 + 25 16 £ 10 NS
Albumin at baseline (g/dl)* 35+02 32+02 NS
Past history
Hypex“tensionb 76 (60.8) 21 (63.6) NS
Diabetes mellitus” 32 (25.6) 12 (36.4) NS
Dyslipidemia® 51 (40.8) 11 (33.3) NS
Drug
Cilostazol® 26 (20.8) 2 (6.1) < 0.05
ACEI 8 (6.4) 3(9.1) NS
Amantadine® 14 (11.2) 1 (3.0 NS
Laxative” 44 (35.2) 8 (24.2) NS
Intestinal prokinetic agentb 25 (20.0) 4 (12.1) NS
Stroke characteristics
Bilateral subcortical WML 85 (68.0) 23 (69.7) NS
Brainstem involvement” 24 (19.2) 4 (12.1) NS
Cardiac embolism” 74 (59.2) 16 (48.5) NS
Large infarction® 52 (41.6) 13 (39.4) NS
Symptomatic hemorrhage® 9 (7.2) 5(15.2) NS

Data are presented as mean £ SD or numbers (%)

SAP stroke-associated pneumonia, NIHSS National Institute of Health Stroke Scale, ACEI angiotensin-
converting-enzyme inhibitor, WML white matter lesion, Large infarction the infarct size is larger than one-

third of the territory
 test

b2 test

(31.2%) stayed in ICU for over 7 days. And also, the length
of stay in ICU was longer in patients with SAP than in
patients without SAP (9 &£ 8 vs. 6 £ 6 days, p < 0.05)
among all patients, although there was no significant dif-
ference in the length of stay in hospitalization. However,
the length of stay in ICU and duration of hospitalization
were not reduced due to the prevention of SAP by
cilostazol treatment.

Aside from SAP, several factors were also related with
the continuous ICU management (Table 3). “Severe stroke
symptoms” was the most frequently seen as the strongly
recommended reason for ICU management (n = 81,
51.3%). As the other infections, 4 urinary-tract infection
and 2 thoracic empyema, were seen in SAP(—) group.
There was no significant difference between the two
groups. Only standard stroke management in ICU was
performed to 39 (31.2%) IS patients in SAP(-) group,
which was decided by attending physicians.

Discussion

IS is often complicated by aspiration pneumonia, especially
in association with dysphagia, brainstem lesion and higher
stroke severity (including high NIHSS score), and in
patients under nutrition by TF [3, 5-7, 17]. In this study,
we examined the incidence of SAP in acute IS patients
receiving TF who were treated with cilostazol, compared
with other concomitant medications. We also evaluated the
effect of cilostazol on the length of stay in ICU/hospital-
ization in these patients. The frequency of SAP among
these patients (20.9%) was similar to that in a previous
report (22.0%) [1, 23]. Notably, we found that SAP inci-
dence was significantly reduced by cilostazol, but not by
any other medication, among IS patients receiving TF
management. However, this did not lead to any significant
difference in the length of stay in ICU/hospitalization. The
other strongly recommended reasons for [ICU management
could be considered to affect it. Actually, only 24.2-31.2%
IS patients were received standard stroke management in
ICU, except for SAP treatment. The length of stay in ICU/
hospitalization could be also affected by the severity of
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Table 2 Subgroup analysis of

patients with non-cardiogenic SAP(-) (n = 49) SAP(H) (n = 20) p value
embolic stroke Age (years)® 84 + 6 67 +2 NS
Female genderh 24 (49.0) 11 (55.0) NS
NIHSS at baseline® 18+9 7+8 NS
Albumin at baseline (g/dl)* 32+£08 33+04 NS
Past history
Hypertensionb 28 (57.1) 12 (60.0) NS
Diabetes mellitus” 15 (30.6) 8 (40.0) NS
Dyslipidemia® 22 (44.9) 8 (40.0) NS
Drug
Cilostazol® 24 (49.0) 2 (10.0) <0.05
ACEI’ 0 (0.0) 3 (15.0) NS
Amantadine® 6 (12.2) 2 (10.0) NS
Laxative” 21 (42.9) 5 (25.0) NS
Intestinal prokinetic agentb 9 (18.4) 5 (25.0) NS
Stroke characteristics
Bilateral subcortical WML 34 (69.9) 7 (35.0) < 0.01
Brainstem involvement” 12 (24.5) 1(5.0 NS
Large infarction” 12 (24.5) 5(25.0) NS
Symptomatic hemorrhageb 4 (8.2) 4 (20.0) NS

Data are presented as mean £ SD or numbers (%)

SAP stroke-associated pneumonia, NIHSS National Institute of Health Stroke Scale, ACEI angiotensin-
converting-enzyme inhibitor, WML white matter lesion, Large infarction the infarct size is larger than one-

third of the territory
 test

b2 test

complications. On the other hand, all patients who devel-
oped SAP had a longer duration of ICU than those who did
not among all patients. Hence, we believed that the pre-
vention of SAP using cilostazol was important in IS
patients.

Cilostazol was previously reported to be effective for
SAP prevention in both acute IS patients and chronic IS
patients [8, 12]. The major mechanism of SAP to develop
in IS patients is the reduction of substance P. Once IS is
occurred, dopamine production in the corpus nigrostriatal
can be decreased. The reduction of dopamine production
also induces the reduction of substance P at the glos-
sopharyngeal nerve and at the cervical parasympathetic
ganglion of the sensory branch of that nerve [12]. Actually,
blockade of dopamine D1 receptors has been reported to
induce the reduction of substance P in experimental model
[25]. On the other hand, cilostazol induces to upregulation
of substance P, and can maintain the swallow reflex and
cough reflex [12]. From this mechanism, cilostazol treat-
ment has been considered to be effective for SAP pre-
vention. Our present study shows for the first time that
cilostazol is also effective for SAP prevention in IS patients
being managed with TF. Nevertheless, although cilostazol
can contribute to SAP prevention in acute IS patients
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regardless of severity and subtype, undetected Paf should
be considered in acute IS patients, because there is no
evidence of secondary prevention of CE [26]. Actually,
many CE patients, who did not receive cilostazol therapy,
were recruited in our study. One of the reasons was con-
sidered that our study was focused on the IS patients with
TF management in acute phase. In stroke patients, TF
management is recommended to the patients who have not
only dysphagia but also severe symptoms such as distur-
bance of consciousness. CE is the most severe stroke
subtype [27], hence CE patients were the most frequency
seen in our study. Further, dual anti-platelet therapy with
aspirin and clopidogrel is currently mainly used in the
acute phase of IS [28], whereas combined therapy with
cilostazol and aspirin is not proven to have efficacy in acute
IS [29]. That was the reason why cilostazol was less fre-
quently used in acute IS. However, the pleiotropic effects
of cilostazol were not sufficiently assessed on these pre-
vious studies. SAP risk predictors, such as advanced age,
long-term bed rest, higher stroke severity, pontine infarc-
tion, and some risk scores (A2DS2 score and ISAN score),
should be considered before administration of cilostazol in
acute IS [3, 17, 30].
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Fig. 1 Length of stay in ICU.
a The length of stay in ICU was
longer in the SAP(+4) group
than in the SAP(—) group in all

(a) All patients

(days) y

(b) Patients with cilostazol treatment

(days)

IS patients (9 + 8 vs. 20 1

6 £ 6 days, p < 0.05). b In
cilostazol-treated patients, the
length of stay in ICU was not 15 -
significantly dependent on the

development of SAP as a

complication (6 = 7 [SAP(—)]

vs. 6 &+ 2 [SAP(+)] days). ¢ In 10 A1
the SAP(—) group, the length of
stay in ICU was not
significantly dependent on
cilostazol treatment (6 £ 7
[cilostazol(+)] vs. 7 £ 5
[cilostazol(—)] days). d In the
SAP(+) group, the length of 0 -

| 20 -

10 -

stay in ICU was not
significantly dependent on
cilostazol treatment, although it
tended to be reduced (6 & 2
[cilostazol(+)] vs. 9 + 13

SAP(-)

(c¢) Subgroup of patients without SAP

SAP(+) SAP(-) SAP(+)

(d) Subgroup of patients with SAP

days days
[cilostazol(—)] days). SAP (days) (days)
; ; 20 1 20 -
stroke-associated pneumonia

15 A 15 4
10 A 10 A
5 1 5 1

0 - T 0 T |

Cilostazol(+)

Our inclusion criteria was also limited the number of
patients, because IS patients with only intravenous nutri-
tion in acute phase were excluded, considering of SAP risk
factors. While early enteral nutrition within 48 h was
reported to reduce the incidence of infection and the length
of stay in ICU/hospitalization [10], early onset pneumonia
(within 72 h of admission) accounted for 70% of SAP in IS
patients, because of dysphasia and consciousness disorder
[23]. Further, early initiation of TF does not improve out-
comes or reduce mortality in patients with IS and traumatic
brain injury [7, 24]. Hence, a part of severe IS patients was
excluded from our criteria.

Finally, it is important to note that patients’ background
characteristics showed no significant inter-group differ-
ences that might have affected the evaluation of cilostazol
efficacy. But, on the other hand, our study has some

Cilostazol(-) Cilostazol(+) Cilostazol(—)

* p<0.05

limitations. In particular, the number of patients was small,
and we were unable to recruit sufficient number of IS
patients with cilostazol treatment, as described above.
Aside from it, selection bias arising from the judgment of
the attending physician and non-randomization could have
influenced the outcome. Further, we could not evaluate the
classification of aspiration risk, because this study was
retrospective. Hence, a prospective study would be desir-
able to confirm our findings.

In conclusion, our results indicate that cilostazol can
reduce SAP incidence in acute IS patients receiving TF, but
does not significantly reduce the duration of stay in ICU/
hospitalization. We are planning a prospective study to
examine the efficacy of cilostazol both in IS patients
receiving TF and in those receiving oral nutrition, taking
account of the classification of aspiration risk.
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Fig. 2 Length of
hospitalization. a The length of
hospitalization was not
significantly dependent on the
development of SAP as a
complication (45 + 21
[SAP(—)] vs. 50 + 21
[SAP(+)] days). b In cilostazol-
treated patients, the length of
hospitalization was not
significantly dependent on the
development of SAP as a
complication (45 + 24
[SAP(—)] vs. 31 £ 10
[SAP(+)] days). ¢ In the
SAP(—) group, the length of
hospitalization was not
significantly dependent on
cilostazol treatment (45 + 24
[cilostazol(+)] vs. 45 + 21
[cilostazol(—)] days). d In the
SAP(+) group, the length of
hospitalization was not

(a) All patients (b) Patients with cilostazol treatment
(days) (days)
90 - 90 1
80 1 80 -
70 - 70
60 60 -
50 A 50 A
40 1 40 I
30 + 30 A
20 - 20 -
10 A 10 -
0 - T ] 0 T ]
SAP(-) SAP(+) SAP(-) SAP(+)

(c¢) Subgroup of patients without SAP

(d) Subgroup of patients with SAP

significantly dependent on (days) (days)
cilostazol treatment, although it 90 - 90 1
tended to be reduced (51 £ 13 |
[cilostazol(+)] vs. 80 80
31 + 10 days|cilostazol(—)]). 70 70
SAP stroke-associated
pneumonia 60 1 60 1
50 A 50
40 A 40 A
30 A 30 A
20 A 20 A
10 A 10 A
0 - r ) 0 T ]
Cilostazol(+) Cilostazol(—) Cilostazol(+) Cilostazol(—)
Table 3 Strongly recommended reasons for ICU management except for SAP
SAP(—) SAP(+)
Cilostazol(+) Cilostazol(—) Total Cilostazol(+)  Cilostazol(—) Total
(n =26) (n=99) (n=125) (=2 (n=31) (n = 33)
Severe stroke symptoms® 16 (61.6) 49 (49.5) 61 (48.8) 1 (50.0) 19 (61.3) 20 (60.6)
Complications after pharmacological/ 1(3.8) 10 (10.1) 11 (8.8) 0 (0.0) 2 (6.5) 2 (6.1)
mechanical thrombectomy
Postoperatively following decompressive 0 (0.0) 2 (2.0 2 (1.6) 0 (0.0) 1(3.2) 1 (3.0)
craniectomy
Other infections® 1(3.8) 5.1 6 (4.8) 0 (0.0) 0 (0.0 0 (0.0)
Cardiac dysfunction 0 (0.0) 2 (2.0) 2 (1.6) 1 (50.0) 13.2) 2 (6.1)
No other reasons® 8 (30.8) 31 (31.3) 39 (31.2) 0 (0.0) 8 (25.8) 8 (24.2)

Data are presented as numbers (%)

ICU intensive care unit, SAP stroke-associated pneumonia

Severe stroke symptoms; NIHSS > 17, large infarction in middle cerebral artery territory, and evidence of brainstem dysfunction

POther infections include 4 urinary-tract infection and 2 thoracic empyema (only in cilostazol(—) group)

€“No other reasons” includes “standard stroke management”
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