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Abstract
Introduction: There has been limited literature examined in a general population sample of the incidence of dysphagia in 
acute stroke patients, stroke patients with pneumonia and gastrostomy comorbidity, and the increased costs associated with the 
complications.

Methods: The current study used Illinois Hospital Discharge data for in-patients admitted during September 2012 to June 2016 
to investigate the incidence of dysphagia among patients who had a primary diagnosis of stroke. Sub-analysis of dysphagia 
incidence among stroke patients with co-morbidity pneumonia and gastrostomy was also performed.

Results: The study found a 14.9% incidence of dysphagia in a population of hospitalized acute stroke patients. The rate of 
dysphagia was greater in the elderly and in blacks and Hispanics than whites. In stroke patients diagnosed with dysphagia, the 
incidence of pneumonia is 23.1% and the incidence of percutaneous endoscopic gastrostomy (PEG) is 62.1%. Stroke patients 
with dysphagia had doubled length of hospital stay than those without dysphagia. With the co-morbid conditions of dysphagia 
and pneumonia or PEG tube placement, the length of hospital stay tripled. Increased length of hospital stay is associated with 
significantly higher healthcare cost.

Conclusions: These findings suggested the importance of early detection and treatment of dysphagia in stroke population. 
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Introduction
Stroke is one of the leading causes of neurological disorders 

and every year more than 795,000 people in the United States 
have a stroke [1]. Dysphagia is one of the common complications 
post stroke with reported incidence ranged from 10% to 40% 
[2]. Pneumonia, another common complication post stroke, can 
occur in 10.0% to 40.0% of patients with stroke [3-10]. In stroke 
patients with a diagnosis of dysphagia, the presence of pneumonia 
is considered a comorbid condition. Lim and colleagues [7], found 
the incidence of pneumonia in dysphagia patients post stroke to be 

10.0% during inpatient stay while Mann et al. (1999) reported a 
20.0% incidence of chest infection [8]. Nevertheless, the presence 
of dysphagia and/or pneumonia contribute to increased mortality 
rate in stroke. Enteral feeding via Percutaneous Endoscopic 
Gastrostomy (PEG) tube placement is an alternative way of 
providing nutrition and hydration when patient is unable to eat 
safely. Studies have shown patients who have pneumonia were 
more likely to have PEG tubes than patients who did not develop 
pneumonia [11]. In stroke patients, the presence of complications 
such as dysphagia, pneumonia and or PEG tube placement may 
result in substantial increase in length of hospital stay and medical 
expenses. One study found in patients diagnosed with stroke and 
dysphagia, the likelihood of hospitalization longer than 7 days 
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was 73.9% compared to only 14.0% of patients without dysphagia 
[12]. Similar results were confirmed by another study that found 
that stroke patients with dysphagia stayed longer at monitored 
stroke unit beds (7.2 days vs. 5.1 days) [3].

To date, there has been limited literature examined in 
a general population sample of the incidence of dysphagia 
in acute stroke patients, stroke patients with pneumonia and 
gastrostomy comorbidity, and the increased costs associated 
with the complications. This study used Illinois discharge data 
to investigate these issues, and its findings should add to the 
knowledge of dysphagia in acute stroke patients.

Materials and Methods

Patient data

This study used Illinois Hospital Discharge data for in-
patients to conduct a cross-sectional review of dysphagia 
occurrence among patients who had a primary diagnosis of 
stroke. Dysphagia among stroke co-morbidities pneumonia and 
gastrostomy patients were also investigated.

The Division of Patient Safety and Quality at Illinois 
Department of Public Health collects patient level discharge 
data from all Illinois acute care hospitals, specialty hospitals 
and ambulatory surgical treatment centers. The patient level data 
include demographic information, primary diagnosis and up to 23 
secondary diagnoses, up to 24 procedures a patient received during 
hospitalization, length of stay, total charges, and other variables. 
For data collected prior to 10/1/2015, ICD-9 codes were used; 
ICD-10 codes were used thereafter. As no unique patient ID key 
was available in discharge data prior to September 2012, this study 
includes only data thereafter to be able to evaluate the dysphagia 
incidence among hospitalized stroke patients at individual level, 
not based on admissions. Since the data provided by the Division 
of Patient Safety and Quality at Illinois Department of Public 
Health did not contain any identifiable patient information, 
individual patient consent was waived and the study was granted 
an exemption from the Elmhurst University Institutional Review 
Board.

In the current analysis, we included all in-patients in Illinois 
who had a primary diagnosis of stroke during September 2012 to 
June 2016 (most recent when the study initiated). Cases of stroke 
were identified using ICD-9 code 43491 or ICD-10 code I639 in 
the primary discharge diagnosis. In any of up to 23 secondary 
diagnoses, if there was any ICD-9 code 78720, 78721, 78722, 
78723 or ICD-10 code R1310, R1311, R1312, R1313, R1314, 
R1319, then a dysphagia diagnosis was ascertained; If there was 

any ICD-9 code 5070, 5078 or ICD-10 code J690, a pneumonia 
diagnosis was ascertained; and if any ICD-9 code V441 or ICD-10 
code Z931, a gastrostomy tube diagnosis was ascertained.

The ICD-9-CM code definitions for stroke and Transient 
Ischemic Attack (TIA) were based on the American Heart 
Association/American Stroke Association (AHA/ASA) updated 
definition of stroke, but excluded retinal and spinal infarction and 
included V12.54 for TIA.22. Additionally, ICD-9-CM code 436 
was defined as strokes that were not otherwise specified. In case 
of multiple hospital admissions for stroke during the study period, 
all analyses were restricted to using the data from the first hospital 
admission. Records were excluded if there was a missing ICD-9-
CM or ICD-10-CM code.

Statistical analysis

Incidence of dysphagia among stroke hospitalizations were 
calculated overall as well as stratified by gender, age, race/ethnicity, 
and co-morbidity of pneumonia or gastrostomy tube. Chi-square 
test was used to determine statistical significance of dysphagia 
rates among comparison groups. T-test was used to compare mean 
length of stay between the two groups, and general linear model 
was used to compare mean length of stay among multiple groups. 
To control for potential confounding factors, multivariate logistic 
regression analysis was performed to examine the risk factors 
associated with dysphagia in acute stroke patients including age, 
race and ethnicity, and stroke type. SAS for Windows 9.3 was used 
to perform the data analysis. Significance level was set at 0.05, 
two-sided.

Results

The demographic and clinical characteristics of hospitalized 
stroke patients is reported in table 1. A total of 67,722 stroke in-
patients were included in the analysis, including 33,196 males 
(49.0%) and 34,526 females (51.0%). Overall, the incidence of 
dysphagia was 14.9% of the hospitalized stroke patients, with 
14.5% in males and 15.2% in females. Dysphagia incidence 
increased significantly with age, was 12.2% in patients younger 
than age 65 years, 14.5% in patients aged 65 to 84 years, and 
20.5% in patients 85 years or older. The incidence of dysphagia 
in blacks and Hispanics were significantly higher than in whites 
(16.9%, 16.3%, and 13.8%, respectively). There was significant 
difference in dysphagia incidence by stroke type (p<0.001), with 
an incidence of dysphagia 16.8% in hemorrhagic stroke and 14.6% 
in ischemic stroke. The overall pneumonia co-morbidity in stroke 
patients were 2.8%, whereas for stroke patients with dysphagia, 
23.1% had a co-morbidity of pneumonia, 62.1% had the presence 
of percutaneous gastrostomy tube.
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  Dysphagia

  No Yes % Yes p-value Total

Sex Male 28,397 4,799 14.46 0.003 33,196

Female 29,252 5,274 15.28 34,526

Age (years) <64 19805 2771 12.27 <0.001 22,378

65-84 27,797 4,719 14.51 32,516

85+ 10,047 2,583 20.45 12,630

Race/ethnicity White 38,294 6,141 13.82 <0.001 44,435

Black 10,833 2,208 16.93 13,041

Hispanic 4,534 885 16.33 5,419

Other 3,988 839 17.38 4,827

Stroke type Hemorrhagic 7,805 1,576 16.80 <0.001 9,381

Ischemic 49,844 8,497 14.56 58,341

Co-morbidity Pneumonia

No 56,175 9,630 14.63 <0.001 65,805

Yes 1,474 443 23.11 1,917

Gastrostomy

No 57,542 9,898 14.68 <0.001 67,440

Yes 107 175 62.06 282

Total 57,649 10,073 14.87 67,722

Table 1: Demographic and clinical characteristics among hospitalization of stroke patients by secondary dysphagia diagnosis.

The length of stay and total hospital charge data of the stroke patients are reported in table 2. For stroke patients, the presence of 
dysphagia significantly increased the length of hospital stay from 4.3 days to 9.1 days, which resulted in increased hospital charge from 
$52,440 to $87,438. In stroke patients without dysphagia, the presence of pneumonia increased the length of hospital stay from 4.2 to 8.9 
days. Similarly, in stroke patients without dysphagia the presence of PEG tube increased the length of hospital stay from 4.3 to 6.2 days. 
When a stroke patient with the co-morbidity of both dysphagia and pneumonia, the length of stay increased from 4.3 days to 12.8 days, 
which resulted in increased hospital charge from $52,440 to $138,691. In stroke patients with a co-morbidity of dysphagia and PEG tube, 
the length of stay increased from 4.3 days to 14.7 days, which increased the hospital charge from $52,440 to $75,082.

  Non-dysphagia 1 Dysphagia 2 1 -2 
difference p

   n mean SD n mean SD

Length of stay day day

All stroke 57,649 4.3 5.0 10,073 9.1 8.5 -4.8 <0.001

 Hemorrhagic 7,805 7.6 9.3 1,576 15.3 14.3 -7.8 <0.001

 Ischemic 49,844 3.8 3.6 8,497 7.9 6.3 -4.1 <0.001

W/O pneumonia 56,175 4.2 4.7 9,630 8.9 8.4 -4.7 <0.001

With pneumonia 1,474 8.9 8.9 443 12.8 9.5 -3.9 <0.001
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W/O gastrostomy 57,542 4.3 4.9 9,898 9.0 8.4 -4.7 <0.001

With gastrostomy 107 6.2 6.7 175 14.7 13.1 -8.5 <0.001

Total charge US$ US$

All stroke 57,649 52,440 72,108 10,073 87,438 99,831 -34,998 <0.001

 Hemorrhagic 7,805 111,764 151,887 1,576 176,292 175,731 -64,527 <0.001

 Ischemic 49,844 43,150 42,004 8,497 70,958 65,985 -27,807 <0.001

W/O pneumonia 56,175 50,892 68,386 9,630 85,080 97,187 -34,188 <0.001

With pneumonia 1,474 111,418 146,883 443 138,691 136,327 -27,274 <0.001

W/O gastrostomy 57,542 52,402 71,790 9,898 87,657 100,133 -35,255 <0.001

With gastrostomy 107 72,990 172,276 175 75,082 80,231 -2,092 <0.001

Table 2. Length of stay and total charge among hospitalization of stroke patients by secondary dysphagia diagnosis.

The impact of dysphagia diagnosis among stroke inpatients on co-morbidities was determined using a multivariate analysis. A 
multivariate analysis was used to control confounding factors. Multivariate logistic regression results are shown in table 3. Dysphagia 
among stroke was greater among older patients (age 65-85 vs age 64 or younger, OR=1.32, 95% CI: 1.26-1.39; age 85+ vs age 64 or 
younger, OR=2.09, 95% CI: 1.97-2.23), in blacks (vs white, OR=1.46, 95% CI: 1.38-1.54) and Hispanics (vs white, OR=1.31, 95% 
CI: 1.21-1.42), in hemorrhaging stroke (vs ischemic, OR=1.19, 95% CI: 1.12-1.27), in patients with pneumonia (vs no pneumonia, 
OR=1.58, 95% CI: 1.42-1.77), and in patients had gastrostomy (vs no gastrostomy, OR=9.53, 95% CI: 7.46-12.16).

Odds Ratio 95% CI

Male vs Female 1.03 0.99 1.08

Age 65-84 vs 0-64 1.32 1.26 1.39

Age 85 or older vs 0-64 2.09 1.97 2.23

Hispanic vs non-Hispanic white 1.31 1.21 1.42

Non-Hispanic black vs non-Hispanic white 1.46 1.38 1.54

Other races vs non-Hispanic white 1.38 1.27 1.49

Hemorrhaging vs ischemic 1.19 1.12 1.27

Pneumonia vs no pneumonia 1.58 1.42 1.77

Gastrostomy vs no gastrostomy 9.53 7.46 12.16

Table 3: Results (odds ratio) of multivariate logistic regression on factors associated with dysphagia incidence among acute stroke 
patients.
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Discussion & Conclusion
Our study investigated population-level dysphagia incidence 

among hospitalized acute stroke patients. Our study found the 
incidence of dysphagia in stroke patients was 14.9%, which is 
consistent with findings in a study conducted by Arnold et al., 
who found the incidence of dysphagia in stroke patients was 
between 10.5% and 20.7% [3]. Since dysphagia often resolves 
spontaneously during recovery process, the reported incidence 
of dysphagia therefore depends to a great extent on the time post 
stroke. The incidence of dysphagia is also affected by the diagnosis 
methods. One study found that the incidence of dysphagia in 
stroke patients varied by diagnostic methods, ranging from 37.0% 
to 45.0% using cursory screening techniques to 51.0% to 55.0% 
using clinical testing and to 64.0% to 78.0% using instrumental 
testing [13]. Since there is no data in our database that indicated 
how dysphagia is diagnosed, the incidence of dysphagia needs to 
be interpreted cautiously.

We also found that the rate of dysphagia was greater in 
the elderly and in blacks and Hispanics compared to whites. The 
racial disparities of dysphagia in stroke patients were confirmed 
by a study that investigated racial disparities in the development 
of dysphagia after stroke, it reported that the rate of dysphagia 
was higher for Asians (8.6%), African Americans (6.4%), and 
Hispanics (6.9%) compared with Caucasians (5.4%) [14]. Our 
finding as well as findings from other studies makes it important 
to identify dysphagia in vulnerable population such as elderly or 
minority early on in the diagnosis of stroke.

Other than dysphagia, pneumonia is another common 
complication of stroke. It has been reported that pneumonia causes 
the highest attributable mortality of all medical complications 
following stroke, accounting for 31.2% of all deaths [10]. Our study 
found that 2.8% of stroke patients had a diagnosis of pneumonia. 
This was consistent with what Arnold et all found in their study 
that the overall rate of pneumonia is 6.0% [3], however, the rate of 
pneumonia can be significantly higher in intensive care units [5,6].

Our study found that for stroke patients with the diagnosis 
of dysphagia, the incidence of pneumonia increased significantly 
to 23.1%. Previous studies have shown that in stroke patients the 
comorbidity of dysphagia and pneumonia ranged from 10% to 
20% [7,8]. Our study finding is at the high end of the incidence. 
These variations could be attributed to differences in definition and 
assessment of dysphagia, timing of swallowing examination and 
patient selection. Since our database only showed diagnostic ICD 
code of dysphagia without information on when it was diagnosed 
and with what method, it was difficult to make comparisons with 
other studies. Nevertheless, it is still an important finding that in 
stroke patients the presence of dysphagia changes the incidence 
of pneumonia 10 folds compared to stroke patients without 

dysphagia. Early detection and effective treatment of dysphagia 
in stroke patients will prevent these patients from developing 
pneumonia therefore significantly reduced mortality rate in stroke.

For patients who cannot recover swallow function 
sufficiently, PEG tube is recommended. The decision for 
PEG insertion was individualized to each patient through the 
interdisciplinary evaluation that indicated enteral tube feeding 
was necessary to avoid further loss of body weight, to correct 
significant nutritional deficiencies, to rehydrate the patient, and to 
stop the related deterioration in the quality of life of the patient due 
to inadequate or unsafe oral nutritional intake. Our study found 
that for stroke patients with dysphagia 62.06% had the presence of 
percutaneous gastrostomy tube. Kumar and his colleagues found 
that the presence of the bihemisphere infarcts in a stroke patient 
with severe dysphagia increased the odds of PEG placement by a 
factor of 4.6 [15]. It appears a high percentage of stroke patients 
with the presence of dysphagia receive PEG tube placement. Even 
though PEG tube is a safe and effective method to provide long 
term enteral nutrition for stroke patients [16], it still has long term 
side effects such as infection and aspiration.

Dysphagia has been associated with increased length of 
stay, malnutrition, dehydration, and death. Our study found that 
the presence of dysphagia doubled the length of hospital stay 
from 4.3 days to 9.1 days and substantially increased the hospital 
charge. The result from the current study was consistent with 
several previous studies that showed the presence of dysphagia 
significantly increased patient’s length of hospital stay [17,19].

Our study found that without dysphagia, the presence of 
pneumonia or PEG tube placement increased the length of hospital 
stay but the significant increase in length of hospital stay occurs 
when stroke patients were also diagnosed with dysphagia. When a 
stroke patient has a co-morbidity of dysphagia and pneumonia the 
length of stay almost tripled from 4.3 days to 12.8 days. Affected 
patient more often underwent chest radiographs and antibiotic 
treatment, stayed longer at a stroke unit and more frequently was 
transferred to rehabilitation clinics.

When a stroke patient has co-morbid conditions of dysphagia 
and PEG tube placement, the length of hospital stay also more than 
tripled from 4.3 days to 14.7 days. Similar finding was reported by 
a recent study [20]. Patient needed more nursing care with PEG 
tube and more antibiotics treatment in these situations.

The major strength of our study included large sample 
size, the ability to take into account the effects of age and sex 
and other important determinants of poor outcomes for length 
of stay such as stroke subtypes, presence of dysphagia and PEG 
tube. The increase length of stay in our study may be due to the 
primary diagnosis of stroke, the secondary diagnosis of dysphagia, 
development of pneumonia, and/or the need for a gastrostomy to 
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supplement their nutrition or a combination of all characteristics. 
Further research would need to be conducted to determine to what 
extent the individual diagnoses or other characteristics caused the 
increased length of stay.

While dysphagia occurs in only a small portion of hospitalized 
patients, the impact on hospital resources is substantial. The 
presence of aspiration often leads to the need for antibiotic use and 
endotracheal intubation, with their potential risks. Furthermore, 
hospital discharge planning is delayed secondary to enteral feeding 
plans that might include placement of nasogastric or percutaneous 
gastrostomy tubes. The increased association of dysphagia with 
mortality is also linked to costs associated with end-of-life care. 
Hence the significantly prolonged length of hospital stay in the 
comorbid conditions of dysphagia and pneumonia or dysphagia 
and PEG tube placement suggests that that early detection and 
treatment of dysphagia in patients with acute stroke not only will 
reduce these complications of but also reduced length of hospital 
stay and overall healthcare expenditures. A team approach that 
involves speech language pathologists in the early stages will be 
the best practice in stroke management.

Acknowledgement
The author wishes to show gratitude to the Division of 

Patient Safety and Quality at Illinois Department of Public Health 
for providing the hospital discharge data used in this study.

References
1.	 Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, et 

al. (2020) Heart Disease and Stroke Statistics-2020 Update: A Report 
From the American Heart Association. Circulation. 141: e139-e596.

2.	 Gordon C, Hewer RL, Wade DT (1987) Dysphagia in acute stroke. Br 
Med J Clin Res Ed. 295: 411-414.

3.	 Arnold M, Liesirova K, Broeg-Morvay A, Meisterernst J, Schlager M, et 
al. (2016) Dysphagia in Acute Stroke: Incidence, Burden and Impact 
on Clinical Outcome. PloS One. 11: e0148424.

4.	 Sellars C, Bowie L, Bagg J, Sweeney MP, Miller H, et al. (2007) Risk 
factors for chest infection in acute stroke: a prospective cohort study. 
Stroke. 38: 2284-2291.

5.	 Upadya A, Thorevska N, Sena KN, Manthous C, Amoateng-Adjepong 
Y (2004) Predictors and consequences of pneumonia in critically ill 
patients with stroke. J Crit Care. 19: 16-22.

6.	 Walter U, Knoblich R, Steinhagen V, Donat M, Benecke R, et al. 
(2007) Predictors of pneumonia in acute stroke patients admitted to a 
neurological intensive care unit. J Neurol. 254: 1323-1329.

7.	 Lim SH, Lieu PK, Phua SY, Seshadri R, Venketasubramanian N, et al. 
(2001) Accuracy of bedside clinical methods compared with fiberoptic 
endoscopic examination of swallowing (FEES) in determining the risk 
of aspiration in acute stroke patients. Dysphagia. 16: 1-6.

8.	 Mann G, Hankey GJ, Cameron D (1999) Swallowing function after 
stroke: prognosis and prognostic factors at 6 months. Stroke. 30: 744-
748.

9.	 Masiero S, Pierobon R, Previato C, Gomiero E (2008) Pneumonia in 
stroke patients with oropharyngeal dysphagia: a six-month follow-up 
study. Neurol Sci. 29: 139-145.

10.	 Heuschmann PU, et al. (2004) Predictors of in-hospital mortality and 
attributable risks of death after ischemic stroke: the German Stroke 
Registers Study Group. Arch Intern Med. 164: 1761-1768.

11.	 Ding R, Logemann JA (2000) Pneumonia in stroke patients: a 
retrospective study. Dysphagia. 15: 51-57.

12.	 Altman KW, Schaefer SD, Yu GP, Hertegard S, Lundy DS, et al. 
(2007) The voice and laryngeal dysfunction in stroke: a report from 
the Neurolaryngology Subcommittee of the American Academy of 
Otolaryngology-Head and Neck Surgery. Otolaryngol Head Neck 
Surg. 136: 873-881.

13.	 Martino R, Foley N, Bhogal S, Diamant N, Speechley M, et al. 
(2005) Dysphagia after stroke: incidence, diagnosis, and pulmonary 
complications. Stroke. 36: 2756-2763.

14.	 Bussell SA, González-Fernández M (2011) Racial disparities in the 
development of dysphagia after stroke: further evidence from the 
Medicare database. Arch Phys Med Rehabil. 92: 737-742.

15.	 Kumar S, Langmore S, Goddeau RP, Alhazzani A, Selim M, et al., 
(2012) Predictors of percutaneous endoscopic gastrostomy tube 
placement in patients with severe dysphagia from an acute-subacute 
hemispheric infarction. J Stroke Cerebrovasc Dis. 21: 114-120.

16.	 Park RH, Allison MC, Lang J, Spence E, Morris AJ, et al., (1992) 
Randomised comparison of percutaneous endoscopic gastrostomy 
and nasogastric tube feeding in patients with persisting neurological 
dysphagia. BMJ. 304: 1406-1409.

17.	 Patel DA, Krishnaswami S, Steger E, Conover E, Vaezi MF, et al. 
(2018) Economic and survival burden of dysphagia among inpatients 
in the United States. Dis Esophagus. 31: 1-7.

18.	 Guyomard V, Fulcher RA, Redmayne O, Metcalf AK, Potter JF, et al. 
(2009) Effect of dysphasia and dysphagia on inpatient mortality and 
hospital length of stay: a database study. J Am Geriatr Soc. 57: 2101-
2106.

19.	 Altman KW, Yu GP, Schaefer SD (2010) Consequence of dysphagia in 
the hospitalized patient: impact on prognosis and hospital resources. 
Arch Otolaryngol Head Neck Surg. 136: 784-789.

20.	 MacKenzie L, Herial N, Murphy D, Years A, Guba J (2018) Abstract 
WP382: Hospital Length of Stay in Stroke: Relationship to Feeding 
Status and Discharge. Stroke. 49: AWP382.

https://pubmed.ncbi.nlm.nih.gov/31992061/
https://pubmed.ncbi.nlm.nih.gov/31992061/
https://pubmed.ncbi.nlm.nih.gov/31992061/
https://pubmed.ncbi.nlm.nih.gov/3115478/
https://pubmed.ncbi.nlm.nih.gov/3115478/
https://pubmed.ncbi.nlm.nih.gov/26863627/
https://pubmed.ncbi.nlm.nih.gov/26863627/
https://pubmed.ncbi.nlm.nih.gov/26863627/
https://pubmed.ncbi.nlm.nih.gov/17569875/
https://pubmed.ncbi.nlm.nih.gov/17569875/
https://pubmed.ncbi.nlm.nih.gov/17569875/
https://pubmed.ncbi.nlm.nih.gov/15101001/
https://pubmed.ncbi.nlm.nih.gov/15101001/
https://pubmed.ncbi.nlm.nih.gov/15101001/
https://pubmed.ncbi.nlm.nih.gov/17361338/#:~:text=The following independent risk factors,%2D5.62)%2C and any other
https://pubmed.ncbi.nlm.nih.gov/17361338/#:~:text=The following independent risk factors,%2D5.62)%2C and any other
https://pubmed.ncbi.nlm.nih.gov/17361338/#:~:text=The following independent risk factors,%2D5.62)%2C and any other
https://pubmed.ncbi.nlm.nih.gov/11213241/
https://pubmed.ncbi.nlm.nih.gov/11213241/
https://pubmed.ncbi.nlm.nih.gov/11213241/
https://pubmed.ncbi.nlm.nih.gov/11213241/
https://pubmed.ncbi.nlm.nih.gov/10187872/
https://pubmed.ncbi.nlm.nih.gov/10187872/
https://pubmed.ncbi.nlm.nih.gov/10187872/
https://pubmed.ncbi.nlm.nih.gov/18612760/
https://pubmed.ncbi.nlm.nih.gov/18612760/
https://pubmed.ncbi.nlm.nih.gov/18612760/
https://pubmed.ncbi.nlm.nih.gov/15364669/
https://pubmed.ncbi.nlm.nih.gov/15364669/
https://pubmed.ncbi.nlm.nih.gov/15364669/
https://pubmed.ncbi.nlm.nih.gov/10758186/
https://pubmed.ncbi.nlm.nih.gov/10758186/
https://pubmed.ncbi.nlm.nih.gov/17547973/
https://pubmed.ncbi.nlm.nih.gov/17547973/
https://pubmed.ncbi.nlm.nih.gov/17547973/
https://pubmed.ncbi.nlm.nih.gov/17547973/
https://pubmed.ncbi.nlm.nih.gov/17547973/
https://pubmed.ncbi.nlm.nih.gov/16269630/
https://pubmed.ncbi.nlm.nih.gov/16269630/
https://pubmed.ncbi.nlm.nih.gov/16269630/
https://pubmed.ncbi.nlm.nih.gov/21457943/
https://pubmed.ncbi.nlm.nih.gov/21457943/
https://pubmed.ncbi.nlm.nih.gov/21457943/
https://pubmed.ncbi.nlm.nih.gov/20851628/
https://pubmed.ncbi.nlm.nih.gov/20851628/
https://pubmed.ncbi.nlm.nih.gov/20851628/
https://pubmed.ncbi.nlm.nih.gov/20851628/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1882203/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1882203/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1882203/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1882203/
https://pubmed.ncbi.nlm.nih.gov/29155982/
https://pubmed.ncbi.nlm.nih.gov/29155982/
https://pubmed.ncbi.nlm.nih.gov/29155982/
https://pubmed.ncbi.nlm.nih.gov/20121954/
https://pubmed.ncbi.nlm.nih.gov/20121954/
https://pubmed.ncbi.nlm.nih.gov/20121954/
https://pubmed.ncbi.nlm.nih.gov/20121954/
https://pubmed.ncbi.nlm.nih.gov/20713754/
https://pubmed.ncbi.nlm.nih.gov/20713754/
https://pubmed.ncbi.nlm.nih.gov/20713754/
https://www.ahajournals.org/doi/10.1161/str.49.suppl_1.WP382
https://www.ahajournals.org/doi/10.1161/str.49.suppl_1.WP382
https://www.ahajournals.org/doi/10.1161/str.49.suppl_1.WP382

	_Hlk83759134

