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Abstract

Introduction:  During  acute  stroke,  30%  of  all  patients  present  dysphagia  and  50%  of that

subgroup will experience  bronchoaspiration.  Our  aim  was  to  compare  mortality  and  bron-

choaspiration  rates  associated  with  the  water  test  compared  to  those  associated  with  a  2

volume/3 texture  test  controlled  with  pulse  oximetry  (2v/3t-P  test)  in our stroke  unit.

Patients  and  methods:  Over  a  5-year  period,  we  performed  a  prospective  analysis  of  all

consecutive  acute  ischaemic  stroke  patients  hospitalised  in  the  stroke  unit.  Dysphagia  was  eval-

uated using  the  water  test  between  2008  and  2010  (group  0  or  G0),  and  the  2v/3t-P  test  (group

1 or  G1) between  2011  and  2012.  We  analysed  demographic  data,  vascular  risk  factors,  neuro-

logical deficit  on the  NIHSS,  aetiological  subtype  according  to  TOAST  criteria,  clinical  subtype

according  to  the  Oxfordshire  classification,  prevalence  of  dysphagia,  percentage  of  patients

with bronchoaspiration,  and  mortality.

� Please cite this article as: Cocho D, Sagales M,  Cobo M, Homs I, Serra J, Pou M, et al. Reducción de la tasa de broncoaspiración con

el test 2 volúmenes/3 texturas con pulsioximetría en una unidad de ictus. Neurología. 2017;32:22—28.
�� This study was presented orally at the 64th Annual Meeting of the Spanish Society of Neurology (Neurología. 2012;27 Suppl C:57).
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Results:  We  examined  418 patients  with  acute  stroke  (G0  =  275,  G1  = 143).  There  were  signifi-

cant differences  between  the  2  groups  regarding  the  percentage  of  patients  with  TACI  (17%  in G0

vs 29%  in G1,  P = .005)  and  median  NIHSS  score  (4  points  in  G0  vs  7  points  in  G1,  P  =  .003).  Since

adopting the new swallowing  test,  we  detected  a  non-significant  increase  in the  percentage  of

dysphagia  (22%  in G0  vs  25%  in G1,  P = .4),  lower  mortality  (1.7%  in G0  vs 0.7%  in G1,  P  =  .3) and

a significant  decrease  in the  bronchoaspiration  rate  (6.2%  in G0  vs 2.1%  in G1,  P = .05).

Conclusions:  Compared  to  the water  test  used  for  dysphagia  screening,  the  new  2v/3t-P  test

lowered bronchoaspiration  rates  in acute  stroke  patients.

©  2014  Sociedad  Española  de  Neuroloǵıa. Published  by  Elsevier  España,  S.L.U.  This  is an  open

access article  under  the  CC BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Reducción  de la  tasa de broncoaspiración  con  el  test  2  volúmenes/3  texturas  con

pulsioximetría  en  una  unidad  de ictus

Resumen

Introducción:  En  la  fase  aguda  del  ictus  el  30%  de los  pacientes  presentan  disfagia,  y  de  ellos,

el 50%  experimentarán  broncoaspiración.  Nuestro  objetivo  fue  evaluar  los  resultados  de  mor-

talidad y  broncoaspiración  del  test  del  agua  comparado  con  el  test  2  volúmenes/3  texturas

controlado  con  pulsioximetría  (2v/3t-P)  en  una  unidad  de  ictus.

Pacientes  y  métodos: Durante  5  años  se  analizaron  de  forma  prospectiva  y  consecutiva  todos

los pacientes  con  infarto  cerebral  en  la  Unidad  de  Ictus.  Del  año  2008  al  2010  se  utilizó  el

test del  agua  (grupo  0  o G0),  y  del  2011  al  2012,  el test  2v/3t-P  (grupo  1 o  G1).  Se  recogieron

las siguientes  variables:  demográficas,  factores  de  riesgo  vascular,  gravedad  neurológica  con

la escala  NIHSS,  subtipo  etiológico  según  criterios  TOAST,  subtipo  clínico  según  la  clasificación

Oxfordshire,  prevalencia  de  disfagia,  broncoaspiración  y  exitus.

Resultados:  Se  analizaron  418 pacientes  con  infarto  cerebral  agudo  (G0  =  275,  G1  =  143).  Se

detectaron  diferencias  significativas  entre  ambos  grupos  en  el porcentaje  de  pacientes  con

TACI (17%  en  G0  vs.  29%  en  G1,  p =  0,005)  y  en  la  mediana  de  NIHSS  (4  puntos  en  G0  vs.  7  puntos

en G1,  p  = 0,003).  Con  el test  2v/3t-P  se  detectó  un  aumento  no significativo  en  el  porcentaje

de disfagia  (22%  en  G0  vs.  25%  en  G1,  p  = 0,4),  una  menor  tasa  de mortalidad  (1,7%  en  G0  vs.

0,7% en  G1,  p  = 0,3)  y  una  reducción  significativa  de  broncoaspiración  (6,2%  en  G0  vs.  2,1%  en

G1, p  = 0,05).

Conclusiones:  El  nuevo  test  2v/3t-P,  comparado  con  el test  del  agua,  mejoró  significativamente

los resultados  de  broncoaspiración  en  los  pacientes  con  infarto  cerebral  agudo.

© 2014  Sociedad  Española  de  Neuroloǵıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un

art́ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Dysphagia,  a frequent  complication  of  stroke,  is  associ-
ated  with  increased  risk  of  bronchoaspiration.  Between  19%
and  81%  of  stroke  patients  have  dysphagia,1—3 and half  of
them  experience  bronchoaspiration  within  the first week  of
stroke  onset.4,5 Dysphagia  is  an  important  predictor  of  poor
outcome:  it  leads  to poor functional  status  at discharge2

and  increases  the  number  of  respiratory  complications,6

the  length  of hospital  stays,  hospitalisation  rates,  and
mortality.7 Furthermore,  presence  of  dysphagia  entails  a
three-fold  increase  in the  risk  of pneumonia,2 which  in  turn
leads  to  a  three-fold  increase  in the  risk  of  mortality  at 30
days.1

Scientific  evidence  suggests  that  early  diagnosis  and
treatment  of dysphagia  in stroke  patients  reduces not only
respiratory  complications  but  also  the length  of  hospital  stay
and  health-related  costs.8

The  3-oz  water  swallow  test9 is  one  of the most  widely
used  tests  for  dysphagia  screening.  However,  this  test  uses
a  large  volume  of water  (which  has  a low  viscosity)  and  it
regards  coughing  as  the sole indicator  of  aspiration,  although
this reflex is  absent  in nearly  40%  of  all  patients  with  cere-
brovascular  diseases.10 Silent  aspiration  may  be detected
with  pulse oximetry:  a  drop  of  more  than  2% in  oxygen  sat-
uration  compared  to baseline  values  is  regarded  as  a  sign  of
bronchoaspiration.11,12

At  present,  videofluoroscopy  and  fibreoptic  endoscopy
are the main  validated  techniques  used  to  assess  swallowing
function  and  determine  the most  suitable  treatment.13—16

However,  as these  techniques  are not  readily  accessible,
we  need a  swallowing  test  which  is  both  easy  to  use  and
sensitive  for  detecting  dysphagia.

The  Spanish  Society  of Neurology’s  current  treatment
guidelines  for  stroke  recommend  using  the 2  volume/3  tex-
ture  dysphagia  screening  test  to  study  dysphagia  in stroke
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Table  1  2  volume/3  texture  test  with  pulse  oximetry.

Symptoms  Semi-solid  (yoghurt)  Liquid  (water)  Solid  (sandwich  bread)

5  mL

(teaspoon)

10  mL

(soup

spoon)

5  mL  10  mL  A  small  piece

Oral  retention

Laryngeal  immobility

Vocal  changes  after  swallowing

Coughing  during  or  after  swallowing

Drooling  at  the  lip commissure

Dyspnoea

Decrease  >  2% in O2sat  (compared  to  baseline)

O2sat: oxygen saturation.

patients  (www.ictussen.org).  Combining  the 2 volume/3
texture  test  with  pulse  oximetry  may  improve  detection
of  silent  aspiration  and  reduce  the  percentage  of  patients
experiencing  bronchoaspiration.

Our  purpose  was  to  compare  bronchoaspiration  and mor-
tality  rates  associated  with  the new 2  volume/3  texture  test
with  pulse  oximetry  (2v/3t-P  test) to  those  associated  with
the  3-oz  water  swallow  test  in patients  with  acute  cerebral
infarction  admitted  to  the  stroke  unit  (SU).

Patients and  methods

We  conducted  a  prospective  study  of  consecutive  stroke
patients  admitted  to  the  SU  at  our  hospital  during  a 5-year
period.

Between  2008  and  2010,  the 3-oz water  swallow  test9

was  used  to  screen  for  dysphagia  (group  0  [G0]).  In contrast,
dysphagia  screening  between  2011  and  2012  consisted  of the
2v/3t  test  plus  assessment  of  2  additional  clinical  signs  of
dysphagia  that  are not evaluated  by  this  test  (drooling  at the
lip  commissure  and  dyspnoea)  and pulse  oximetry  to monitor
oxygen  saturation.  Group 1 [G1] consisted  of  patients  who
had  undergone  this  procedure  (2v/3t-P).

During  the 2v/3t-P  test,  the patient  is  administered  5 mL
(a  teaspoon)  of semi-solid  food  (yoghurt);  if this  amount  is
well  tolerated,  the  patient  will  then  be  given  10  mL  (a soup
spoon)  of  the same  food.  If the patient  tolerates  this  tex-
ture,  the  same  procedure  is  repeated  with  water,  starting
with  5  mL and  subsequently  increasing  the  volume  to  10  mL  if
the  patient  safely  tolerates  the  initial  amount.  The  third tex-
ture  is solid  food,  such as  sandwich  bread  (Table  1).  The  test
evaluates  7  parameters  of dysphagia  (oral  retention,  laryn-
geal  immobility,  vocal  changes  after  swallowing,  coughing
during  or  after  swallowing,  drooling  at the lip  commissure,
dyspnoea,  and  a drop  of  more  than  2%  in oxygen  saturation).
The  test  ends  when  swallowing  alterations  are  detected.

At  our  hospital,  nurses  administer  the swallowing  test  to
all  stroke  patients  at 24  hours  from  symptom  onset  (when
the  level  of  consciousness  allows  it),  before  patients  begin
any  type  of oral  intake.  When  dysphagia  is  detected,  a  diet
is  designed  based  on  the volume  and  texture  the  patient
can  tolerate.  A  speech  therapist  will  then  assess  swallowing
function  and provide  suitable  treatment.

We  analysed  demographic  data,  vascular  risk  factors,
neurological  status  (NIHSS),  aetiological  subtype  (TOAST
criteria),  clinical  subtype  (Oxfordshire  Community  Stroke
Project  classification),  percentage  of  dysphagia,  bron-
choaspiration,  deaths,  and  cause  of  death.

Bronchoaspiration  was  defined  as  presence  of  respiratory
crackle  on  auscultation  plus  at  least  one  of  the following
findings:  temperature  >38 ◦C, positive  chest  radiography,  or
purulent  sputum  requiring  antibiotic  treatment  during  hos-
pitalisation  at the  SU.17

Statistical  analysis

We compared  mortality  and bronchoaspiration  rates
between  G0  and G1  and  analysed  the independent  predictors
of  each of  these  events.  Qualitative  variables  were  analysed
with  contingency  tables  and  the  chi-square  test.  The  Fisher
exact  test  was  used when  the  expected  frequency  of  any
of  the cells  was  less  than  5. Quantitative  variables  were
analysed  with  the t  test. The  multivariate  analysis  included
those  variables  with  P-values  <.1  in the univariate  analysis.
Statistical  significance  was  set  at P  <  .05.

Results

During  the study  period  (5  years),  we  evaluated  418  patients
with  acute  cerebral  infarction  who  were  attended  at  the  SU;
275  were  in G0  and 143  in  G1.  Tables  2 and  3  summarise
the  demographic  characteristics,  vascular  risk  factors,  and
subtypes  of  cerebral  ischaemia  of  our  sample.

No  significant  differences  were  seen between  groups
regarding  most vascular  risk  factors,  aetiological  subtype,
length  of  hospital  stay,  and neurological  status.  The  only
significant  differences  were  found  in the percentages  of
patients  with  AHT  and  the  TACI  clinical  subtype,  which  were
higher  in  G1.

Prevalence  of  dysphagia  was  similar  in both  groups  (22%
in G0  vs  25%  in G1;  P  =  .4);  however,  the rates  of  bronchoaspi-
ration  (6.2%  vs  2.1%;  P  = .05) and  mortality  due  to  respiratory
causes  (1.7% vs  0.7%; P = .3)  were  significantly  higher  in  G0
(Table 4).

Greater  neurological  severity  according  to  the  NIHSS
was  associated  with  a significant  increase  in  dysphagia  and

http://www.ictussen.org/


Lowering  bronchoaspiration  rate  in an acute  stroke  unit  25

Table  2  Demographic  data  and  vascular  risk  factors  of  our

sample.

G0

(n  =  275),

3-oz

water

swallow

test

G1

(n  =  143),

2v/3t-P

test

P

Age  in  years  (mean  ± SD)  70  ±  11  68  ±  13  .1

Sex (men,  %)  59  57  .4

VRF (%) 97  97  .5

AHT (%) 73  83  .012

DM (%) 37  36  .3

DLP (%)  52  57  .2

Alcohol  consump-

tion  >  40  g/day

(%)

12  15  .2

Smoking  (%)  21  25  .2

Ischaemic  heart  disease

(%)

17  15  .4

AF (%)  24  25  .4

History  of  CVD  (%)  23  21  .3

Stroke 59  50

TIA 39  37

ICH 2 7

Peripheral  artery

disease  (%)

9  5  .08

TIA: transient ischaemic attack; SD: standard deviation; DLP:

dyslipidaemia; DM: diabetes mellitus; CVD: cardiovascular dis-

ease; AF: atrial fibrillation; VRF: vascular risk factor; ICH:

intracranial haemorrhage; AHT: arterial hypertension.

bronchoaspiration  rates:  80%  and  20.8%  of  the  patients  with
NIHSS  scores  >16 experienced  dysphagia  and  bronchoaspira-
tion,  respectively  (Fig.  1).

Prevalence  of dysphagia  by  clinical  subtype  was  dis-
tributed  as  follows:  TACI, 60%;  PACI,  14%;  LACI,  8%;  and  POCI,
18%  (P = .001).  Although  neurological  severity  was  similar  in
patients  with  PACI,  LACI,  and POCI subtypes  (median  NIHSS
scores  of  3,  4, and  3,  respectively),  dysphagia  was  more
frequent  in patients  with  posterior  circulation  infarcts.

The  rate  of  bronchoaspiration  was  higher  in patients  with
TACI  and POCI  (TACI,  10%;  PACI,  4%;  LACI, 2%;  POCI,  6%;
P  = .002).

Dysphagia  and  bronchoaspiration  rates  according
to the screening  test  used

Of  the  total  sample,  282 patients  showed  no  dysphagia  (185
in  G0  and 97  in G1); however,  one  patient  without  dysphagia
from  G0  did experience  bronchoaspiration,  vs  none  from  G1.

Dysphagia  was  detected  in  96  patients  (60  in G0  and  36  in
G1), 18  of  whom  (19%)  experienced  bronchoaspiration;  this
event  was  significantly  more  frequent  in G0  (15  patients,
25%)  than  in G1  (3 patients,  8%)  (P =  .04).  Therefore,  pres-
ence  of dysphagia  increased  bronchoaspiration  rates by  20%;
none  of the  patients  with  no  dysphagia  and  evaluated  with
the  2v/3t-P  test  experienced  bronchoaspiration.

Of  the subset  of  patients  with  dysphagia,  26.6%  required
a  nasogastric  tube,  16%  underwent  gastrostomy  feeding  tube
placement  due  to  dysphagia  predicted  to  last  for  more  than
6 weeks,  and the  remaining  57.4%  followed  a  personalised
diet  and  received  rehabilitation.

Swallowing  function  was  not  assessed  in 40  patients  (9.4%
in  G0  vs  9.7%  in G1);  bronchoaspiration  rates  were  similar
for  both  groups  (1 patient  in G0  vs  none in  G1) (Table  4).

Table  3  Characteristics  of  stroke  and  hospital  stay  in  both  groups.

G0  (n =  275),  3-oz water  swallow  test  G1  (n  =  143),  2v/3t-P  test  P

Oxfordshire  classification  (%)

TACI  17  29  .02

PACI 32  30

LACI 33  29

POCI 18  12

TACI vs  no  TACI  (%)  17  29  .005

TOAST (%)

Atherothrombotic  15  11  .3

Cardioembolic  31  28

Lacunar 20  20

Of other  determined  cause 6 12

Of undetermined  cause  27  27

NIHSS, median  (range)  4 (0—25)  7  (0—26)  .003

Mean stay  at SU  (days)  12  7  .2

Anticoagulation  at  discharge  (%)  32  38  .1

Statins at  discharge  (%)  83  80  .5

AHT: arterial hypertension; NIHSS: National Institute of Health Stroke Scale; SU: stroke unit.
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Table  4  Prevalence  of  dysphagia,  bronchoaspiration,  and  mortality  in our  sample.

G0  (n  =  275),  3-oz  water  swallow  test G1  (n  =  143),  2v/3t-P  test P

Dysphagia  (%)  22  25  .4

Not assessed  (no.  patients  BA)  9.4%  (1)  9.7%  (0)

Treatment for  dysphagia  (%)

NGT  34.5  18  .1

PEG 11.5  20.5

Texture/volume/rehabilitation  54  61.5

Death (%)  4.2  3.2  .3

Death of  respiratory  causes  (%) 1.7  0.7  .3

mRS 0-2  at discharge  (%) 55  57  .3

Bronchoaspiration  (%) 6.2 2.1

BA: bronchoaspiration; NGT: nasogastric tube; PEG: percutaneous endoscopic gastrostomy.

Predictors  of mortality  and  bronchoaspiration

The  following  variables  were  found  to act  as  predictors
of  mortality  in the  univariate  analysis:  age,  AHT,  atrial
fibrillation,  bronchoaspiration,  TACI  clinical  subtype,  car-
dioembolic  aetiological  subtype,  NIHSS  score,  and  presence
of  dysphagia.  However,  the  multivariate  analysis  of  these
factors  found  that  only  presence  of bronchoaspiration  con-
tinued  to  display  a statistically  significant  association  with
mortality,  with  an OR  of  8  (95%  CI,  1.3-46;  P  = .02).

According  to  the univariate  analysis,  the following  fac-
tors  were  found  to  act  as  predictors  of  bronchoaspiration:
female  sex,  using  only  the  3-oz water  swallow  test, TACI
clinical  subtype,  cardioembolic  aetiological  subtype,  atrial
fibrillation,  dysphagia,  age,  and  NIHSS  score.  In  the  multi-
variate  analysis,  using  the  3-oz  water  swallow  test  (OR  7.5,
95%  CI,  1.3-41;  P  = .02),  dysphagia  (OR 32,  95%  CI, 3.6-313;
P  =  .003),  age  (OR  1.1, 95%  CI,  1.0-1.2;  P = .007),  and  NIHSS
scores  (OR  1.2, 95%  CI, 1.0-1.4;  P  =  .009)  continued  to  display
a  statistically  significant  association  with  bronchoaspiration
(Table  5).

Discussion

In our  study,  23%  of the patients  with  acute  cerebral  infarc-
tion  presented  dysphagia;  rates  were  higher  among patients
with  a  more  severe  neurological  status  and  those  with  pos-
terior  circulation  infarcts.

Bronchoaspiration  was  found  in 5% of  the  total  sample;
the main  independent  predictor  of  risk  for bronchoaspiration
was  presence  of dysphagia  (OR  32),  followed  by  use  of  the
3-oz  water  swallow  test  (OR  7.5).  In  patients  with  dysphagia,
the new  2v/3t-P  test  managed  to  reduce  bronchoaspiration
by  17%  compared  to  the  3-oz  water  swallow  test; none  of
the patients  without  dysphagia  (as assessed  by  the 2v/3t-P
test)  experienced  bronchoaspiration.

Aspiration  is  the  entry  of material  into  the larynx  below
the  vocal  cords;  this  phenomenon  is  especially  frequent
when  swallowing  liquids.15 Detecting  aspiration  based  on
clinical  signs at  bedside  is  an  imprecise  method.  According
to  several  studies,  positive  predictive  values  for detection
of  aspiration  using bedside  swallow  testing  range  between
50%  and  75%  compared  to  videofluoroscopy13; detection
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Figure  1  Percentages  of  dysphagia  and  bronchoaspiration  broken  down  by NIHSS  score.
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Table  5  Analysis  of the  independent  predictors  of bronchoaspiration  and  mortality.

Univariate  Multivariate

Mortality

Age  P  = .03

AHT  P  = .01

AF P  = .003

Bronchoaspiration  P  = .0001  OR 8  (95%  CI, 1.3-46),  P = .02

TACI P  = .0001

Cardioembolic  P  = .0001

NIHSS  P  = .0001

Dysphagia  P  = .0001

Bronchoaspiration

Female  sex  P  = .05

3-oz  water  swallow  test  P  = .05  OR 7.5  (95%  CI,  1.3-41),  P = .02

TACI P  = .002

Cardioembolic  P  = .01

AF P  = .007

Dysphagia  P  = .0001  OR 32  (95%  CI,  3.6-313),  P  = .003

Age P  = .0001  OR 1.1  (95%  CI,  1.0-1.2),  P = .007

NIHSS P  = .0001  OR 1.2  (95%  CI,  1.0-1.4),  P = .009

AF: atrial fibrillation; AHT: arterial hypertension; 95% CI: 95% confidence interval; NIHSS: National Institute of Health Stroke Scale; OR:

odds ratio.

capacity  of these  tests  should  therefore  be  improved.  A
recent  study11 evaluated  changes  in oxygen  desaturation
with  pulse  oximetry  during  videofluoroscopy.  This  study
showed  that  a decrease  >2%  of  baseline  oxygen  saturation
was correlated  with  aspiration,  with  a  sensitivity  of  87%.

According  to  the literature,  between  19%18 and  81%1,3

of  stroke  patients  have  dysphagia.  Differences  in  dysphagia
incidence  rates  may  be  explained  by  variations  in screening
methods,  time  after  stroke,  and  lesion  localisation.2 Preva-
lence of dysphagia  ranges  between  30%  and  55%  in studies
using  more  exhaustive  swallowing  tests2;  the studies  includ-
ing  patients  with  hemispheric  lesions  usually  report  lower
rates  (39%-40%)  than  those  also  including  patients  with
brainstem  lesions  (51%-55%).2

Dysphagia  rates in our  sample  were  lower  than  those
reported  in previous  studies.  This  finding  may  reflect  the
inclusion  of  patients  with  acute  cerebral  ischaemia  but  not
of  patients  with  cerebral  haemorrhages  or  those  admitted
to  rehabilitation  centres. Overall,  neurological  status  in  our
sample  was  not  severe  (median  NIHSS  score  of  5; range  0-
38), which  may  also  explain  these  differences.

All  types  of  stroke,  regardless  of localisation,  may  cause
dysphagia.2 Hemispheric  lesions  affect  voluntary  control  of
mastication  and  bolus  transport  during  the oral  phase,19,20

whereas  cortical  lesions  affecting  the precentral  gyrus  alter
contralateral  facial,  lip,  and  tongue  motor  control  as  well
as  reducing  contralateral  pharyngeal  peristalsis.21 Brainstem
infarctions  are  less  frequent  than  hemispheric  infarctions,
but  they  lead  to  more  severe  swallowing  impairment  since
they  result  in sensory  dysfunction  of  the  mouth,  tongue,
and  cheeks;  impaired  cough  reflex;  reduced  elevation  of
the  larynx;  reduced  laryngeal  closure;  and cricopharyn-
geal  dysfunction.21,22 In our study,  patients  with  posterior
circulation  infarcts  presented  dysphagia  and  bronchoaspi-
ration  more  frequently  than  those  with  other  clinical
subtypes  of  stroke  despite  having  a similar  neurological

status;  these  findings  agree  with  those  reported  in the
literature.

The  3-oz  water  swallow  test9 is  one  of the most  widely
used  screening  tests  for dysphagia.  However,  this  test  uses
a  large  amount  of  a low-viscosity  liquid  (water)  and  regards
coughing  as  the sole  indicator  of  aspiration,  although  this
reflex  is  absent in up  to 40%  of  the patients  with  cerebrovas-
cular  diseases.10 Another  important  limitation  of  this  test  is
the  fact that  it  does  not  evaluate  swallowing  effectiveness
and cannot  therefore  be  used  to  analyse  whether  other  tex-
tures  or  volumes  are well  tolerated  by  patients.  We  may
therefore  conclude  that the 3-oz  water  swallow  test  is  asso-
ciated  with  a high  risk  for  patients  for  2 main  reasons:  it
may  erroneously  detect  which patients  may  safely  resume
oral  intake  and  it  does  not  assess  swallowing  effectiveness.

In  our  hospital,  we  have  designed  a simple  test  which  uses
2  volumes  and  3 different  textures  to evaluate  7 parame-
ters  of  dysphagia,  including  oxygen desaturation.  This  test
has  achieved  lower  rates  of  bronchoaspiration  and mortality
than  the 3-oz  water  swallow  test in our  hospital’s  SU since
it  assesses  swallowing  more  thoroughly  and helps  us  adapt
diet  to  each patient’s  needs.

Previous  studies  have  shown  that  dysphagia  is  an  impor-
tant  predictor  of  poor outcome.  Some  50%  of  all  patients
with  dysphagia  will  experience  bronchoaspiration,  and one
third  of  these  will develop  pneumonia,  a factor  associated
with  a three-fold  increase  in  the  risk  of  in-hospital  mortal-
ity  at 30  days.1,2,5 In  our  study,  the risk  of  mortality  due
to  bronchoaspiration  was  higher  than that  cited  in previous
studies;  according  to our data,  bronchoaspiration  leads  to an
eight-fold  increase  in the risk  of mortality.  Preventing  bron-
choaspiration  is therefore  essential  to  reduce  mortality.  The
main  predictors  of bronchoaspiration  were dysphagia  (OR
32)  and  using  the 3-oz  water  swallow  test  (OR  7),  findings
which  underscore  the importance  of  detecting  dysphagia
correctly.
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Our  study  has  a number  of  limitations.

1)  The  results  of  the 2v/3t-P  test  may  stem  from  increasing
awareness  in recent  years  of the  need  to  treat  dysphagia.
However,  the incidence  of  dysphagia  in  our  study  was
similar  in  both  groups;  therefore,  our  results  may  not
be  due  to  increased  detection  of  dysphagia  but  rather
to  better  assessment  of  swallowing  function  provided  by
the  new  test.  A randomised  study  should  be  conducted
to  avoid  this bias  and  evaluate  the  real  benefits  of the
2v/3t-P  test.

2)  This  test,  which  evaluates  more  clinical  parameters  of
dysphagia  (including  oxygen  saturation),  is  a new  version
of  an  existing  test  and  has  not been validated.  However,
a  validation  study  using  fibreoptic  endoscopy  as  the gold
standard  is  currently  underway  in our  centre.

3)  Our  results  were  drawn  from  an SU  with  specialised  nurs-
ing  staff  and  a  very  different  nurse-to-patient  ratio  from
those  of  other  units;  therefore,  our  results  may  not  be
extrapolated  to  the general  population.

Conclusions

Dysphagia,  a  very  frequent  complication  among  stroke
patients,  increases  the risk  of  poor  functional  prognosis  and
mortality.  Multiple  studies  have  shown  the importance  of
early  diagnosis  and  treatment  of  dysphagia  cases,  which
results  in  decreased  morbidity  and  mortality  rates,  shorter
hospital  stay  times,  and  lower  healthcare  costs.5,8,23 To date,
no  standard  tool  has been  validated  as  a  screening  tool  for
swallowing  dysfunction.  The  2v/3t-P  test  is  a  simple tool
that  can  be  used  by  nursing  staff  at bedside.  According
to  our  study,  it improves  assessment  of  swallowing  func-
tion  and  decreases  bronchoaspiration  rates  compared  to
using  the  3-oz water  swallow  test.  Future studies  should
be  carried  out  to  validate  our  findings  and  this screening
tool.

Conflicts  of  interest

The  authors  have  no  conflicts  of  interest  to  declare.

References

1. Katzan IL, Cebul RD, Husak SH, Dawson NV,  Baker DW. The

effect of  pneumonia on mortality among patients hospitalized

for acute stroke. Neurology. 2003;60:620—5.

2. Martino R, Foley N,  Bhogal S, Diamant N,  Speechley M,  Teasell

R. Dysphagia after stroke: incidence, diagnosis, and pulmonary

complications. Stroke. 2005;36:2756—63.

3. Meng NH, Wang TG, Lien IN. Dysphagia in patients with brain-

stem stroke: incidence and outcome. Am J  Phys Med  Rehabil.

2000;79:170—5.

4. Perry L,  Love CP. Screening for dysphagia and aspiration in acute

stroke: a systematic review. Dysphagia. 2001;16:7—18.

5. Hinchey JA, Shephard T,  Furie K,  Smith D, Wang D,  Tonn S. For-

mal dysphagia screening protocols prevent pneumonia. Stroke.

2005;36:1972—6.

6. Marik PE, Kaplan D. Aspiration pneumonia and dysphagia in the

elderly. Chest. 2003;124:328—36.

7. Sharma JC, Fletcher S,  Vassallo M, Ross I.  What influences

outcome of stroke — pyrexia or dysphagia? Int J Clin Pract.

2001;55:17—20.

8. Martino R, Pron G, Diamant N. Screening for oropharyngeal

dysphagia in stroke: insufficient evidence for guidelines. Dys-

phagia. 2000;15:19—30.

9. DePippo KL,  Holas MA, Reding MJ. Validation of  the 3-oz

water swallow test for aspiration following stroke. Arch Neurol.

1992;49:1259—61.

10. Holas MA, DePippo KL, Reding MJ. Aspiration and relative

risk of  medical complications following stroke. Arch Neurol.

1994;51:1051—3.

11. Smith HA,  Lee SH, O’Neill PA, Connolly MJ. The combination of

bedside swallowing assessment and oxygen saturation monitor-

ing of  swallowing in acute stroke: a safe and humane screening

tool. Age Ageing. 2000;29:495—9.

12. Lim SH, Lieu PK, Phua SY, Seshadri R, Venketasubramanian N,

Lee SH, et  al. Accuracy of  bedside clinical methods compared

with fiberoptic endoscopic examination of  swallowing (FEES)

in determining the risk of aspiration in acute stroke patients.

Dysphagia. 2001;16:1—6.

13. Ramsey DJ, Smithard DG, Kalra L. Early assessments of dys-

phagia and aspiration risk in acute stroke patients. Stroke.

2003;34:1252—7.

14. Colodny N. Interjudge and intrajudge reliabilities in fiberop-

tic endoscopic evaluation of  swallowing (fees) using the

penetration-aspiration scale: a replication study. Dysphagia.

2002;17:308—15.

15. Trapl M,  Enderle P, Nowotny M,  Teuschl Y,  Matz K, Dachenhausen

A, et  al. Dysphagia bedside screening for acute-stroke patients:

the Gugging Swallowing Screen. Stroke. 2007;38:2948—52.

16. Daniels SK, Anderson JA, Willson PC. Valid items for screening

dysphagia risk in patients with stroke: a systematic review.

Stroke. 2012;43:892—7.

17. Indredavik B, Rohweder G, Naalsund E, Lydersen S.  Medical

complications in a comprehensive stroke unit and an early sup-

ported discharge service. Stroke. 2008;39:414—20.

18. Barer DH. The natural history and functional consequences of

dysphagia after hemispheric stroke. J Neurol Neurosurg Psychi-

atry. 1989;52:236—41.

19. Zald DH, Pardo JV. The functional neuroanatomy of  voluntary

swallowing. Ann Neurol. 1999;46:281—6.

20. Daniels SK, Brailey K,  Foundas AL. Lingual discoordination and

dysphagia following acute stroke: analyses of lesion localiza-

tion. Dysphagia. 1999;14:85—92.

21. Veis SL, Logemann JA. Swallowing disorders in persons

with cerebrovascular accident. Arch Phys Med Rehabil.

1985;66:372—5.

22. Martino R, Terrault N, Ezerzer F, Mikulis D,  Diamant NE. Dys-

phagia in a patient with lateral medullary syndrome: insight

into the central control of  swallowing. Gastroenterology.

2001;121:420—6.

23. Odderson IR, McKenna BS. A model for management of patients

with stroke during the acute phase. Outcome and economic

implications. Stroke. 1993;24:1823—7.

http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0120
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0125
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0130
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0135
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0140
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0145
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0150
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0155
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0160
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0165
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0170
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0175
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0180
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0185
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0190
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0195
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0200
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0205
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0210
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0215
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0220
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0225
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230
http://refhub.elsevier.com/S2173-5808(17)30011-1/sbref0230

	Lowering bronchoaspiration rate in an acute stroke unit by means of a 2 volume/3 texture dysphagia screening test with pul...
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Dysphagia and bronchoaspiration rates according to the screening test used
	Predictors of mortality and bronchoaspiration

	Discussion
	Conclusions
	Conflicts of interest
	References


