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Abstract

Reasons for long-term stays in intensive care units (ICU) include various critical conditions,
prolonged weaning with post-extubation dysphagia (PED), as well as the mere presence of a tracheal
cannula. In an interprofessional QM project, medicine, nursing, physiotherapy, speech and language
therapy (SLT), and occupational therapy work together to reduce the length of stay (LOS) on ICU.
SLT focuses on tracheal cannula management (TCM) and PED. The primary aim of SLT is the fast
and safe decannulation and thereby the reduction of LOS. Two SOPs for dealing with PED patients
and for structured TCM were developed for this purpose and were both implemented on a
postoperative ICU, together with a SLT staff increase. To compare the effects on the intervention
group (IG, n=54), a historical control (HC, n=58) group was created through a retrospective data
analysis. We screened all patients from ICU (n=5,605), included those with tracheostomy and
analyzed them during their ICU stay. Clinically relevant results could be demonstrated for the mean
time in days of tracheostomy for those who could be decannulated (HC=43.43, IG=23.8; d=.99) and
even more important LOS in days (HC=33.41, IG=23.8; d=.48). The integration of SLT in ICU care is
feasible and helps to reduce LOS.

Keywords: tracheostomy; decannulation; ICU; LOS; SLT; quality management

1. Introduction

Patients who remain in intensive care units (ICUs) for extended periods face a high disease
burden and increased risks of illness and death. Factors contributing to extended ICU stays include
multiple organ failure, unstable circulation, delirium, prolonged ventilator weaning with post-
extubation dysphagia (PED), and the presence of a tracheal cannula (TC), which can complicate
transfers to other wards or care facilities due to their limited capacity to manage such cases [1].
Tracheostomized ICU patients experience an even greater burden, with longer hospital and ICU
stays, higher mortality rates, and a greater chance of being discharged to a care facility. These patients
often have severe underlying conditions, and tracheostomy may prompt a reassessment of patient
goals and advanced care planning [2]. Strong respiratory function, demonstrated by powerful cough
reflexes and efficient secretion control, is reported as a fundamental predictive factor for successful
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decannulation [3]. Ideally, decannulation should occur during or at the conclusion of the patient’s
stay in the ICU [4] to minimize the occurrence of further complications.

A recent national anesthesiology guideline recommends multiprofessional team efforts in order
to improve the quality of treatment and shorten the LOS. However, the guideline focuses on the
effects of mobilization and thereby on the physiotherapeutic role in the treatment process [5]. A
national [6] and an international [7] guideline of intensive care societies both recommend broad staff
education and strongly recommend to make speech and language therapy (SLT) available for ICU
up to the point that “all patients with a tracheostomy must have communication and swallowing
needs assessed by an SLT” [7]. Especially, SLT and there competencies in tracheostomy and
dysphagia management [8] could provide additional input for intensive care treatment quality
beyond their ancestral field of neurologic rehabilitation [9] and have already demonstrated positive
effects on aspects such as pneumonia prevention and length of stay (LOS) in quality management
(QM) projects [10,11]. Furthermore, there is evidence that the mere application of structured
decannulation pathway is able reduce the total time to decannulation [12].

Hence, we started an interprofessional QM project (IQ-ICU) that integrated medicine, nursing,
physiotherapy, SLT, and occupational therapy work together to improve the quality of treatment,
reduce morbidity and the length of stay (LOS) on ICU with the respective profession-specific input
[8]. SLT focuses primarily on the aspects of tracheal cannula management and dysphagia. In order to
evaluate the effect of IQ-ICU, we retrospectively analyzed patient data one year prior to the
implementation phase and compared this historic control group (HC) to an intervention group (IG)
one year after the full start of the implemented QM project.

In this paper we will focus on the SLT part of the whole IQ project and its effect on endpoints
associated with tracheostomy and dysphagia (IQ-ICU-SLT). The primary aim of the SLT was the
fastest possible decannulation with maximum patient safety, and with that ideally a reduction of LOS
on ICU.

2. Materials and Methods

Before the start of the IQ-ICU project, there were no specific SOPs dealing with dysphagia or
tracheal cannula management for intensive care medicine. Decisions regarding oral feeding or
decannulation were based on clinical experience mostly of the nurses and physicians. Only
physiotherapy was part of the daily routine. SLT was only available upon specific requests of the ICU
physicians in exceptional cases.

Therefore, we decided to implement a comprehensive concept with specific measurements for
SLT treatment, focusing on cannula management and dysphagia, on a postoperative ICU of a German
university hospital that operates up to 43 beds.

2.1. Descrition of the Overall IQ-ICU Concept

No changes were made regarding the general intensive medical care approach of the physicians.
Staffing levels in the therapy area were doubled so that therapy sessions could take place twice a day.
An interprofessional Standard Operation Procedure (SOP) for the collaboration of physiotherapy,
SLT, and occupational therapy was created. Furthermore, depending on the LOS a daily
interprofessional therapy conference and weekly goal meetings were introduced. The integration of
family engagement was executed wherever feasible, and adequate supplies (for example video
endoscopes for flexible evaluation of swallowing and to detect readiness for decannulation) were
procured (compare Figure 1 for the key points of the IQ-ICU project). Pharyngeal electrical
stimulation (PES) was considered, but since the ICU patients do not surely meet the necessary
etiologies for its application (in Europe its neurogenic dysphagia), we decided against PES at the first
stage of the IQ-ICU project even though it showed superior results for faster decannulation [13].
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= Therapeutic staff increased by 100%

= Daily structure + coordination + individual goals

e Daily / weekly meetings based on LOS

¢LOS > 7 days (Intensive acute rehabilitation; goal: 2 sessions / day)

¢LOS > 30 days (Interprofessional case discussion: nursing / rehabilitation /
physicians)

= Internal aftercare

m  Optional Family Engagement

== Transition concepts / SOPs / guidelines / interfaces

= Hardware procurements (e.g. video-endoscopes)

Figure 1. Key points of the interprofessional quality management framework project.

2.2. Descrition of the SLT Concept

A relevant part of the ICU patient care is the tracheostomy management with essential
contributions of the SLT team, consisting of +- seven members across the whole intervention period.
Two SOPs (the pathways of the SOPs are depicted in Figure 2 and 3) for dealing with PED patients
and for a structured tracheal cannula management based on international expert recommendations
(3) were developed for this purpose and were both implemented during in a 3month period at the
beginning of 2024. Every team member was trained for the concept. All members are qualified for
tracheal cannula management and FEES according to respective curriculums [14,15] that are accepted
from national and international expert societies (German Society for Swallowing Disorders and
European Society for Swallowing Disorders). A further SLT treatment goal was to teach the patients
of self-care competence for their cannula (i.e. self suctioning) to the patients. In order to put this into
practice, there was a planned SLT staff increase from approximately 0.1 to 0.8 full-time employee
equivalents. SLT was allocated to tracheal cannula management if the first assessment of general
condition indicated readiness for treatment (see Figure 3).
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Can the patient sit upright and remain awake for at least 15 minutes or respond to
N Screening Termination: No oral intake (NPO);
prompts? Mo N U,
regular oral hygiene; nutrition via infusion or
l Yes feeding tube in consultation with physicians. Re-
- No Perform immediate oral care measures; screen every 24 hours, In case of uncertainty,
[ Is the oral cavity clean? ] closely monitor oral cleanliness, place a clinical order for speech therapy (SAP). l
l Yes
Ensure the patient is in an upright sitting position. Can the patient answer "yes" to all Screening Termination: No oral intake (NPO); I
four of the following questions? regular oral hygiene; nutrition via infusion or

Questions: feeding tube in consultation with physicians, Re-

screen every 24 hours. In case of uncertainty,
O Can the patient cough on command? No place a clinical arder for speech therapy (SAP).
Can the patient control their saliva?

0
O can the patient lick their upper and lower lips?
D

Can the patient breathe freely (i.e., without breathing difficulties, with good oxygen saturation, and
no support)?

| ves
[ Does the patient have a "wet" or "gurgly" sounding voice, or a hoarse voice?
Swallowing Screening with Still Water:
Give the patient water using a teaspoon; start with one teaspoon of water. Check "Perry Criteria."

If no issues, repeat up to two more times.
Perry Criteria:

O no visible swallowing activity

[0 water escapes from the mouth

O coughing/clearing throat

[ Increased breathing rate

[] Wet/gurgling voice up to 1 minute after swallowing
[ Any doubts or concerns?

\_______/

Yes
Was any of the "Perry Criteria" met?
No
Let the patient drink half a glass of water (approx. 100 ml): was any of the "Perry ] Yes
Criteria" (see above) met? J

No

Test of Soft Foods:
Was any of the Perry
Criteria (see above)

met?

Test of Puree:
Was any of the Perry] Nein
Criteria (see above)
met?

Test meal: hemo-geneous Test meal: soft food
. ; Test meal: regular food
pureed food (Dysphagia 1) (Dysphagia 2)

\/

Test meal for each consistency that was safely tested, observing upright sitting position

Test of Crumbly Foods:
Was any of the Perry
Criteria (see above) met?|

and alertness, as well as the following: Screening Termination: No oral intake (NPO);
Are any of the following issues present? : —-

[ Prolonged chewing Yes regular oral hygiene; nutrition via infusion or

[0 Residue in the mouth —_— feeding tube in consultation with physicians. Re-

[ Prolonged eating duration (> 15 min) screen every 24 hours. In case of uncertainty,
|:| Paﬂenl avoids certain foods fnr.mechanlcal reasons ("doesn’t go down well") place a clinical order for speech therapy (SAPJ.
[ prinks after every biteto "rinse”

[ poubts or a bad feeling

INo

If none of the above problems occur: desired foods and fluids are possible., ]

~—

*Dysphagia Diet 1 = Homogeneous pureed foods (e g, pudding, yogurt withaut chunks); Dysphagia Diet 2: Soft foods = (e.g., toast, soft rolls); Crumbly foods: e.g,, zwieback, cookies

Figure 2. Swallowing screening for the intensive care units and general wards. Pathway for oral intake or clinical
examination by Speech and Language Therapist (part of a standard operation procedure for post-extubation
dysphagia), derived from Perry (2001) [16].
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[ Patient is tracheotomized ]

mmeeeennnes - I

Postpone the screening,
NPO (nothing by mouth),

Assessment of general condition:

no oral intake. Regular ® Alert?
mouth care, nutrition via e Can the patient tolerate the speaking
infusion or feeding tube as No valve for at least 15 minutes?

per physician’s instructions;
reassess every 24 hours.

e Respiratory readiness for
standardized swallow screening
according to Perry et al. (2001).

|

( *  Canthe patient tolerate an If clinically indicated:
uncuffed tracheal tube? No Perform a fiberoptic endoscopic
L ® Isthere a productive cough? evaluation of swallowing (FEES)

Assessment of speaking valve

High secretion load (subglottic suctioning)?
Clinical swallowing examination:
Saliva swallow with blue dye
Blue-dyed crushed ice
Liquids
Different consistencies (pureed food,

Adjustment of diet consistency
Begin decannulation if:
e No longer requires ventilation
e Sufficient saliva swallowing is
possible
Decannulation after

approximately 24 to 48 hours
soft food, solid food)

l Suspected Dysphagia

Dysphagia

e\

Pneumonia prevention:

e Positioning in a sitting position

e  Teeth brushing, oral rinsing,
suctioning

e  Patient mobilization

h
y tec

Implementation of an ﬂ argeted rehabilitative \
individualized dysphagia interventions
therapy e Swallowing training

e  Respiratory muscle
training

®  Pharyngeal electrical
stimulation

e  Use of "Cough Assist" as

Nutritional support:

Enteral feeding

Diet adjustment and
modification of fluid
consistency with posture and

Repeat fiberoptic endoscopic
examination

Adjustment of diet consistency
Begin decannulation if:

o

early as possible

w

position changes ®  No longer requires ventilation
®  Pharmacological management > e Sufficient saliva swallowing is
e Additional consultation with possible

specialists

\_

Figure 3. Pathway of the standard operation procedure for structured tracheal cannula management on ICU
with special focus on patients with risk of dysphagia based on international expert recommendations of Likar et
al. (2024) [17].

2.3. Study Design, Patient Inclusion and Endpoints

As a basis for comparison of the effects on the intervention group (IG), a historical control (HC)
group was created through a retrospective data analysis of the year 2023 (Ethics Committee of the
Rhineland-Palatinate Chamber of Physicians: 2024-17433). The whole time period of the comparison
was across 24 (+3) months in a non-randomized pre-/post study design (see Figure 4). The study is
registered with the WHO Register for Clinical Trials (DRKS00036084).

CC BY license.
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¢ Historic Control )
e 1 year: 2023/01/01-2023/12/31
¢ Treament as usual )
* Implementation period of IQ-ICU )
* 3 month: 2024/01/01 — 2024/02/29)
e Staff recruitment, SOPs, material, training )
¢ Intervention Group )
e 1 year: 2024/03/01 — 2025/02/28
¢]Q-ICU rehabilitation )

Figure 4. Pre-post study design with project implementation period between pre and post.

We included all patients that underwent tracheostomy during intensive care stay or later during
the hospital stay or that already entered the ICU tracheostomized. No additional exclusion criteria
were applied. The primary endpoint of the framework project (IQ-ICU) is a composite endpoint,
combining morbidity and the length of stay on ICU. Secondary outcomes were morbidity: amongst
many others measured by the Sequential Organ Failure Assessment Score (SOFA, 0-24, organ
dysfunction )[18], the Simplified Acute Physiology Score II (SAPS II, 0-163, risk of mortality) [19],
Clinical Frailty Scale (CFS, 0-9, frailty)[20], functional dependence and independence (Early
Rehabilitation Barthel-Index A (-325 - 0) and B, (0 - 100) [21], and mortality.

As the SLT specific primary outcome (P1) we considered the group differences of: Days with
tracheal cannula during the ICU stay. Clinically more relevant, but not solely attributable to SLT, is
the LOS on ICU, hence we considered it as a further primary but not SLT specific outcome (P2). SLT
specific secondary outcomes were: amount of possible safe decannulations during the ICU stay, given
SLT therapy in minutes, amount of performed clinical and endoscopic swallowing examinations and
competence of self-care for their cannula (i.e. self suctioning).

This paper specifically analyses the SLT related outcomes and evaluates their influence on the
LOS

2.4. Data Acquisition, Aggregation, and Statistic Analyses

Data was collected from two online patient data management systems by two members of the
study group (I.N. and L.M.). All patient data were entered into one pseudonymized Excel sheet table.
After several mutual meetings and data curation it resulted in a clear to analyze version. All further
statistical calculations (either with MS Excel 2016 or SPSS v.29) are based on this final version of the
raw data table. For inferential statistics of metric variables we calculated two-sample t-test (two-sided
significance) and X2-tests for nominal variables. Additionally, for the most relevant outcomes effect
sizes according to Cohen’s D [22] were provided.

3. Results

After assessment for eligibility of n=5,605 patients (HC n=2,647; IG n=2,958) we enrolled 115
tracheostomized patients during the investigation period who came from a broad-spectrum,
postoperative intensive care unit, allocated n=112 (2%) to IQ-ICU-SLT (HC n=54, IG n=58), and
analyzed these cases regarding the SLT specific endpoints (see Figure 5 for details of enrollment).

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0334.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 November 2025

d0i:10.20944/preprints202511.0334.v1

7 of 15

Historic Control: ICU stay 2023/01/01-2023/12/31
(n=2647)
Intervention Group: ICU stay 2024/03/01-2025/02/28
(n=2958)
1

Assesst for Elegibility
IQ-ICU

Intervention
Group (n=59)

Historic
Control (n=56)

Enrollment IQ-ICU

. Included: Excluded: Included: Excluded:
Allocation IQ'ICU' tracheostomy tracheostomy tracheostomy tracheostomy
SL.T during ICU after ICU stay during ICU after ICU stay

stay (n=54) (n=2) stay (n=58) (n=1)

Analyzed for
tracheostomized
days on ICU

(n=54) (n=58)

Analyzed for
tracheostomized
days on ICU

Analysis IQ-ICU-SLT

Figure 5. Transparent reporting of trial enrollment and analysis adopted from CONSORT.

3.1. Patient Characteristics After Enrollment

Amongst the most prominent etiologies were heart-vascular surgery and plastic operations on
vessels, surgery of the gastrointestinal tract, and organ replacement therapy.

General patient characteristics across both groups such as the mean age in years (HC=65.43,
1G=67.75), and BMI (HC=27.0, IG=28.06) appear to be comparable, although sex is unequally
distributed with lesser females in the HC (f=29.6%). Regarding clinical characteristics, both group
samples show typical values in ICU-related scores. The risk of morbidity (according to SOFA max)
was higher in the HC but not unequally distributed for all other scores. In the 20.4% of the patients
in the HC and in 10.3% of the patients in the IG (15.18% across both groups) the complication of
apoplexy emerged. Mortality across groups was not unequal. Regarding types of tracheostomies,
there were more surgical (primary and secondary) tracheostomies in the IG. This difference also
resulted in an earlier performed tracheostomy or first day with TC on ICU (patients with prior
tracheostomy) in the IG (mean of days: HC=13.93, IG=9.71) All most relevant patient and clinical
characteristics can be viewed in table 1.

Table 1. Patient characteristics (n=112) with means, standard deviations (SD) and frequencies during the ICU

stay for both groups (historic control, HC, and intervention group, IG,) with analysis of potential differences in

distribution.
l HC (n=54) | IG (n=58) | Difference | Significance
General characteristics
Age Mean=65.43 Mean=67.75 Not sig. T-test:
SD=13.15 SD=13.56 unequal p=-361
— o, —, o)
Sex /M) l\ljl=279064//° 1&:@@82// F<MinHC | X2 p=003*
BMI Mean=27.0 Mean=28.06 Not sig. T-test:
SD=4.97 SD=9.21 unequal p=-361
Morbidity/Mortality
SAPS-2 max! Mean= 80.22 Mean = 80.86 Not sig. T-test:
SD=13.86 SD = 14.98 unequal p=.822
SOFA max? Mean= 15.08 Mean =13.78 HC > IG T-test:
SD=2.85 SD =4.35 p=-004*
Clinical Frailty Scale® Mean = 4.04 Mean =3.72 Not sig. T-test:
SD = 1.66 SD =1.36 unequal p=278

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Complication Apopl % ig.
omplication Apoplexy (%) 11 (20.4%) 6 (10.3%) Not sig X2: p=140
unequal
Death on ICU (% ig.
eath on ICU (%) 10 (18.5%) 4 (5.9%) Not sig X2 p=063
unequal
Tracheostomy
Types* (Frequency) Prim. surg. =
1 Prim. surg. =12 Prim. and
Second. surg. | Second. surg.=7 second.
X2 p<.001*
=0 Perc. =39 surgical: IG > p<00
Perc. =53 HC
First day with tracheostomy on ICU Mean = 13.44 Mean =9.71 IG earlier T-test:
SD =10.17 SD =8.02 than HC p=-027*

ISAPS 11, 0-163, risk of mortality; 2SOFA, 0-24, organ dysfunction; 3CFS, 0-9, frailty; “Types of tracheostomies:
primary surgical, secondary surgical and percutaneous.
3.2. Results forSLT Specific Primary and Secondary Study Endpoints

Across all patients, there is a significant effect for the primary outcome of the SLT that resulted
in a reduction of the mean time of days with cannula on ICU of approximately eight days (HC=18.85
- 1G=10.31) with a medium effect size (d=.54) (see Figure 6/Table 2).

Days with cannula on ICU

B Historic Control B Intervention Group
140
120
100

080

060

040
020 E
000

study groups

tracheostomized days
00 0 O

Figure 6. Boxplots with median (-), mean (x), interquartile range (IQR box), whiskers (1.5*IQR) and outliers (°)
for tracheostomized (days with cannula) during the ICU stay of both study groups.

This is linked to the LOS on ICU that shows a comparable effect size (d=.48) and on average a
significant reduction of mean days between both groups of approximately twelve days (HC=33.74 ->
1G=21.94) (see Figure 7/Table 2).
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Lenght of stay on ICU (days)

B Historic Control B Intervention Group

140.0 °
120.0
100.0

80.0

60.0 .

days on ICU

40.0

20.0

study groups

Figure 7. Boxplots with median (-), mean (x), interquartile range (IQR box), whiskers (1.5*IQR) and outliers (°)
for length of stay on ICU in days of both study groups.

To demonstrate the interdependence of days with cannula and the LOS on ICU we calculated a
linear regression with the cannulated days on ICU as a predictor variable for the LOS on ICU. The
coefficient of determination showed that 77% (p<.001*) of the variation of the LOS can be explained
by days with cannula on ICU, while the rest is explained by some other variables not included.

2 -
150 R Linear = 0,773

100

LOS ICU days

50 ® o ]

o 20 40 ] a0 100 120 140

Cannulated days on ICU

Figure 8. Scatterplot of residence time in days of the tracheal cannula (x-axis, independent variable) and length
of stay on ICU in days (y-axis, dependent variable) with line of origin, regression line, regression model and

information about goodness of fit.

In order to look at the effect on SLT and decannulation alone, we analyzed the subgroup of
patients that were decannulated during the ICU stay. We therefore used the date of the successful
attempt. Regarding the frequency of decannulation, we found no significant difference between both
groups. In the HC there were seven (12.96%) and in the IG there were five (8.62%) successfully
decannulated (see Figure 9/Table 2).
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Decannulations and tracheostomized days
during ICU

tracheostomized days
[ e
N B [e))] [o] o N Y
o o o o o o o

o

l-IllI“IIII
i 2 3 4 5 6 7

decannulations

B Historic Control ~ M Intervention Group

Figure 9. Bar chart of individual tracheostomized days on ICU until decannulation took place differentiated by

group.

In the next step of the analysis we focused on the residence time of the cannulas of those that
could be decannulated. A large effect size (d=.99) but no statistical significance could be demonstrated
for the time difference in days with cannula between both groups (HC=43.43, IG=23.85) (see Figure

10/Table 2).
Days until performed decannulations
B Historic Control M Intervention Group

140.0

£ 1200
5

< 1000
8

= 800
3

S 600
o

2 400
o
©

0

study groups

Figure 10. Boxplots with median (-), mean (x), interquartile range (IQR box), whiskers (1.5*IQR) and outliers (°)
for the residence time in days of the cannulas amongst those that were decannulated during the ICU stay

differentiated by study groups.

The final part of the analysis is related to SLT and its integration in the ICU setting and the
qualitative impact on the project. The allocation of SLT to the dedicated patients was possible for
about 65% in the IG, and this was significantly higher and more treatment (d=.739) than the only 9%
of patients in the HC that received SLT during their ICU stay. This also impacted the diagnostic
component of the patient care and led to significantly more clinical dysphagia examinations (CDA)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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as well as Flexible Endoscopic Evaluations of Swallowing. On the other hand, it did not lead to more
patients that were fed by mouth (HC=11.11% vs. IG=13.79%) (see Table 2).

Table 2. Primary SLT specific (P1) and general (P2) results as well as secondary outcomes between the historic
control (HC) and intervention group (IG) with differences, statistical significance and effect sizes (ES) for the

most relevant outcomes.

HC (n=54) IG (n=58) Difference Slgmfl.c ance/Effect
size (d)
Days with cannula Mean=18.85 Mean=10.31 [G<HC T-test: p=.006*
on ICU (P1) SD=19.29 SD=12.1 d=.54
LOS-ICU (P2) Mean=33.74 Mean=21.91 IG<HC T-test: p=.012*
SD=26.73 SD=22.49 d=.48
. o .
Decannulations (%) 7 (12.96%) 5 (8.62%) Not sig. X2 p = 658
unequal
Days until Mean=43.43 Mean=23.85 . T-test: p=.121
I lier H
decannulation SD=22.85 sp-1404 G carierHC d=99
FEES per Patient Mean=.018 Mean=.14 e
SD=13 SD=.44 IG>HC T-test: p=.007
Clinical Dysphagia
7 (12.969 26 (44.839 IG>H X2 p<.001*
Examinations (%) (12.96%) 6 (44.83%) G-HC p<00
Patients fed by o o Not sig. b
mouth (%) 6 (11.11%) 8 (13.79%) unequal X2 p=.668
Patients with SLT (%) 5 (9.26%) 38 (65.52%) IG>HC X2 p<.001*
SLT minutes on ICU Mean=23.33 Mean=358.45 IGSHC T-test: p<.001*
SD=91.22 SD=623.56 d=.739

Regarding the competence of self-care for their cannula (i.e. self suctioning) we unfortunately
cannot report results since it was not possible to gather reliable information from the electronic
patient documentation systems on this topic.

4. Discussion

After implementation of the IQ-ICU project we were able to demonstrate a mean reduction of
days being tracheostomized on ICU by eight days and a reduction of LOS by twelve days for all
patients. Coming down to those who could be decannulated during the ICU stay, clinically highly
relevant results with a large effect size (d=.99) could be demonstrated by a mean reduction of the
residence time of the tracheal cannula by 20 days. Due to the small sample of performed
decannulations (HC n=7, IG n=5) this did not reach statistical significance.

The mean reduction of the residence time of the tracheal cannula is in line with a comparable
pre-post study investigating the effect of a tracheostomy pathway [12]. Also for the direct group
comparison of those that could be decannulated on ICU and the found difference of 20 days there are
similar effects described after the introduction of early rehabilitation concepts (30 days) [23].

Our result, that the decannulation process can be fastened but that the amount of patients who
can be decannulated remains stable has also been shown by others [23]. Not more decannulations
possible can mean that there might be some “iatrogenic” barrier for possible decannulations which
cannot be “bypassed” by traditional means of tracheostomy management (compare 4.2 Ideas for
future research).

As demonstrated by the regression model, which exhibited an explained variance of 77%, the
days with cannula can be regarded as a robust predictor of length of stay (LOS). This is noteworthy
despite the fact that it functions as a surrogate parameter for a variety of clinical conditions. Hence,
it seems very likely that efforts to reduce the residence time of tracheal cannula will directly translate
into reduced LOS on ICU. This perspective is distinctive in that research has either sought to predict
decannulation success [24,25] or LOS [26].
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When focusing on feasibility of integrating SLT in the ICU setting, we were able to allocate SLT
to 65% of dedicated patients in the IG. This resulted in significantly more treatment (d=.739) and also
impacted the diagnostic component of the patient care with significantly more clinical dysphagia
examinations (CDA) as well as Flexible Endoscopic Evaluations of Swallowing. Hence, we conclude
that this is evidence for the practical applicability of respective guideline recommendations [6,7]. On
the other hand, this did not lead to more patients that were fed by mouth (HC=11.11% vs. 1G=13.79%),
although this cannot be considered a primary goal for ICU and can always be addressed on
subsequent normal wards.

4.1. Limitations

First of all, limitations arise from the pre-post study design. A randomized controlled trial would
have been a more desirable study design, but it was not feasible to implement two different projects
on the same ICU ward with the same staff simultaneously. Also the retrospective data analysis for
the HC bears risks of bias. For instance, a strong source of bias would have been data from the Corona
period. Consequently, the retrospective analysis was constrained to the post-Corona period, with
sufficient temporal distance.

The fact that not more decannulation were possible in the IG than in the HC, as we expected
before, could have been influenced by the differences in the tracheostomy types between the two
groups. There were significantly more surgical tracheostomies in the IG (12) than in the HC
contributing to more efforts for decannulation (e.g. the necessary surgical closure of the stoma) [27].
A potential source of bias, contributing to a shorter LOS in the IG, hence a reverse effect to the one
previously discussed, could be the mean difference in time of tracheostomy (first day with TC on
ICU) of four days between both groups (HC=13.93 - IG =9.7). This is because there is relevant
evidence that found early tracheostomy to result in fewer ICU days [28]. However, given that both
groups can be classified as "early tracheostomies" and that we identified both an inhibiting and a
promoting potential bias within the same group (i.e., our IG), it is anticipated that these biases will
offset each other.

4.2. Considerations and Ideas for Future Research

For a better understanding of the effect of SLT on the reduction of time until decannulation in
the IG, we will perform a detailed case study of these patients as a next step.

In order to stay with state of the art research, we want to implement the Standardized
Endoscopic Swallowing Evaluation for Tracheostomy Decannulation (SESETD) protocol [29] in the
IQ-ICU-SLT SOP.

As explained, due to uncertainty if ICU patients would meet the necessary etiologies for PES
application (i.e. neurogenic dysphagia in Europe), we decided against PES at the first stage of the I1Q-
ICU project. Nevertheless, its proven usefulness to fasten the decannulation process [13] makes it an
interesting tool. Since across both of our groups the complication of apoplexy emerged in 15.18%
with an associated high risk for neurogenic and post-extubation dysphagia [30], we consider PES as
a potential future means of PED prevention. Hence, PES could be integrated in the weaning from
ventilation process during the early intubation phase in order to reduce PED and extubation
failure/or necessary tracheostomies with the potential to further shorten the LOS on ICU. Therefore,
includable etiologies (e.g. stroke, brain tumor, traumatic brain injury) or clinical symptoms indicating
for neurogenic dysphagia (e.g. tolerance of endotracheal tubes, saliva pooling) that potentially would
profit from PES application on general ICU wards have to be identified. By this, the PED could be
reduced and this might result in either a lower necessity for tracheostomy at all or more
decannulations that can already be performed on ICU and not later in course of rehabilitation.

The demonstrated feasibility to implement SLT in tracheostomy management of an ICU and the
accompanying positive results of IQ-ICU-SLT should be acknowledged by professional societies and
associations and lead to clear recommendations for the inclusion of SLT on ICU, as already
demonstrated in one guideline [7].
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5. Conclusions

This project demonstrated that interprofessional teamwork of medicine, nursing, physiotherapy,
SLT, and occupational therapy on a general ICU is feasible, will improve the quality of treatment,
and reduce morbidity as well as the LOS on ICU. Integrating SLT and their expertise into intensive
care will likely lead to benefits such as shorter time to decannulation and safer decannulation
processes since necessary diagnostics like FEES can be performed more often and by specially trained
staff. This also enhances patients' quality of life.

Surely, the shown positive effects on reduction of LOS cannot be solely attributed to the SLT
input on treatment. However, the demonstrated reduction in days until possible and save
decannulation can be considered an indicator for the effective integration of SLT in this process on
general ICUs.
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