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Abstract

Objectives: To describe the incidence of respiratory tract infections (RTls) in tracheos-
tomized patients hospitalized in a weaning and rehabilitation center (WRC) and to identify
risk factors (RFs) for the development of RTI.

Materials and methods: A nested case-control study was conducted. Age was used
as the matching variable. All tracheostomized patients who were hospitalized from March,
2013, to February, 2015, were included. The incidence of RTI was recorded.

Results: Atotal of 167 patients were included, with 73 RTl episodes being recorded in 46
patients (27.5%). Cumulative incidence was 27.5%, and incidence rate was 2.22 episodes
per 1,000 days of stay. Bacteria were recovered in 50 of the 73 episodes recorded, with
Pseudomonas aeruginosa being the most prevalent organism (34.3%).

The lowest albumin values proved to be a RF for the development of RTI (p 0.001, odds
ratio [OR] 5.82, confidence interval [Cl] 2.08-16.2). The highest hemoglobin values on
admission acted as protective factors (p 0.048, OR 0.74, Cl 0.55-0.99). Diagnoses of
stroke (p 0.025, OR 3.45, CI 1.16-10.2), Parkinson (p 0.011, OR 18.9, C1 1.93-185) or
amyotrophic lateral sclerosis (ALS) (p 0.013, OR 6.34, IC 1.47-27.2) on admission were
gstablished as risk factors for the development of RTI.

Conclusion: For the first time in our setting, it was possible to determine the incidence
of RTl in tracheostomized patients and the most common pathogens, although compari-
son with other WRCs is needed. The association found between albumin values and the
subsequent development of RTI might be more related to an incidental finding than to a
significant clinical difference. Patients with certain neurologic diseases are at increased
risk for RTI.
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A large body of literature has focused on res-
piratory tract infections (RTIs) in critically ill

Despite advances in antimicrobial therapy and
the use of various preventive measures aimed
at reducing the incidence of infections, hospital-
acquired pneumonia (HAP), ventilator-associated
pneumonia (VAP) and healthcare-associated
pneumonia (HCAP) lead to increased morbidity
and mortality!.

patients requiring orotracheal intubation (OTI)
hospitalized in intensive care units (ICUs). Little
has been reported on the incidence of RTIs in
patients who after requiring OTI also receive
a tracheostomy (TCT), and existing literature
focuses mainly on pediatric populations? 3. Data
on RTIs in adult tracheostomized patients hos-
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pitalized in weaning and rehabilitation centers
(WRC) are scarce.

Around 10% of patients on assisted mechanical
ventilation (AMV) require placement of a TCT*5.
An advantage of performing a TCT is the pos-
sibility of referring to a WRC those patients who
have recovered from the acute stage of disease and
require long-term care and rehabilitation.

Some studies have identified TCT as a risk
factor for VAPS8. A possible explanation for this
association could be that tracheostomized patients
often require prolonged mechanical ventilation;
therefore, the increased incidence of VAP is likely
to be related to duration of AMV rather than to
TCT itself. In other studies, TCT is described as a
protective factor against the development of VAP?.

The present study objectives are to describe
the incidence of RTI in tracheostomized patients
hospitalized in a WRC and to identify risk factors
for the development of RTI.

Materials and methods

An observational prospective cohort study was
performed for incidence calculation. A total of
46 cases with RTI were selected from this cohort
and matched with 92 controls, and a nested case-
control study was carried out. Each case was
matched with 2 controls, with age used as the
matching variable. The study was conducted at
Clinica Basilea, a WRC located in the Autonomous
City of Buenos Aires. All tracheostomized patients
who were hospitalized from March 1, 2013, to Feb-
ruary 28, 2015, were included. Patients younger
than 18 years, those requiring emergent TCT to
resolve airway obstruction, and those who had a
TCT performed to treat head or neck cancer were
excluded.

A database was developed to record demograph-
ic variables, variables related to ICU hospitaliza-
tion prior to admission to the WRC, and variables
related to WRC hospitalization. Recorded demo-
graphic variables included age, gender and past
history (cardiovascular, respiratory, neurologic,
metabolic and cancer history, smoking status, and
long-term home oxygen therapy [HOT] require-
ment). ICU-related variables were: total length
of stay, chief complaint, total days on AMYV, and
total days of OTI prior to TCT placement. WRC-
related variables were: length of stay throughout
the study period; development of RTI and number

of episodes; maximal inspiratory and expiratory
pressures (as measured on admission to the WRC
with the use of a one-way valve applied to the
TCT cannula), Glasgow Coma Score, creatinine,
hemoglobin, albumin, and TSH (WRC admission
variables); reason for discharge; and mortality.

Other data recorded were axillary tempera-
ture, white blood cell count, change in bronchial
secretions (amount, appearance), posteroanterior
chest radiograph (lateral if needed), sampling of
bronchial secretions in febrile patients (tracheal
aspirate and/or bronchoalveolar lavage), AMV
requirement (ventilated patient, patient initiating
AMYV due to the episode, or patient not requiring
AMV), type of feeding route (oral, nasogastric tube,
or gastrostomy) and whether the patient was being
evaluated by swallowing tests (Blue Dye Test by
placing blue dye on the patient’s tongue; the test
was deemed positive [aspiration] if blue colored
secretions were obtained through the TCT can-
nula and negative if secretions suctioned were not
stained with blue dye). The relationship between a
positive Blue Dye Test and the onset of the episode
(RTT) was recorded if time elapsed between the test
and the episode was one week or less.

Cumulative incidence and incidence rate of
RTI were recorded in the whole study cohort. The
incident case of RTI was defined based on criteria
established by the Centers for Disease Control and
Prevention/National Healthcare Safety Network
(CDC/NHSN), which include pneumonia and lower
respiratory tract infections (Table 1)!°. Overall
respiratory infections were recorded, including
pneumonia and artificial airway-associated tra-
cheobronchitis, since management in our center
is often similar.

Quantitative variables were expressed as mean
(X) and standard deviation (£SD) or median
(Md) and interquartile range (IQR), according
to their distribution, and qualitative variables
were presented as absolute frequency and their
percentage. The Mann-Whitney test was used to
compare continuous variables, and a chi-square
test or Fisher’s Exact Test were used for variables
measured on a nominal scale, when appropriate.
A multivariate binary logistic regression analysis
was performed, where presence or absence of RTI
was defined as the dependent variable. Factors
that could be associated with the development of
RTI and having statistical significance (p < 0.1)
in univariate comparisons were included in the
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TABLE 1. Criteria for respiratory tract infection

Criteria for respiratory tract infection as per CDC/NHSN#°

Pneumonia
a) Mechanical ventilation for at least 48 hours

b) Two or more serial chest radiographs with at least 1 of the following (one radiograph is acceptable if the patient has no underlying

pulmonary or cardiac disease)
- New or progressive infiltrate
- Consolidation
- Cavitation
c) At least 1 of the following:
- Fever > 38°C.
- Leukopenia or leukocytosis (<4000 or > 12 000/uL3)

- Altered mental status with no other recognized cause in adults > 70 years old

d) At least 2 of the following:

- Onset of purulent sputum or change in character of sputum, or increased respiratory secretions/suctioning requirements

- New onset of cough, dyspnea or tachypnea
- Bronchial rales on auscultation
- Worsening gas exchange

e) At least 1 of the following:

- Blood culture positive for organism unrelated to another infection

- Culture of pleural fluid positive for a pathogen

- Culture of minimally contaminated lower respiratory tract secretions positive for a pathogen
- >5% of cells obtained by bronchoalveolar lavage contain intracellular bacteria
- Histopathologic examination of lung tissue shows evidence of pneumonia

Lower respiratory tract infection
a) At least 1 of the following:
- No clinical or radiographical evidence of pneumonia
b) At least 2 of the following with no other recognized cause:
- Fever>38°C
- Cough
- Increased sputum production, rhonchi or wheezing.
c) At least 1 of the following:

- Culture of respiratory specimen obtained by tracheal aspirate or bronchoscopy positive for infection

- Antigen test of respiratory secretions positive for pathogen.

- Diagnostic single antibody titer (IgM) or 4-fold increase in paired sera (IgG) for pathogen

“Centers for Disease Control and Prevention/National Healthcare Safety Network

logistic regression analysis. Wald stepwise elimina-
tion method was used, with removal of the variable
of less significance at each step to identify factors
associated with the development of RTI. An adjust-
ment of the effect measure was performed, with
gender and age as confounders. To this end, an-
other multivariate analysis was conducted, where
significant variables from the first analysis were
included. A Hosmer-Lemeshow test and an area
under the curve (AUC) were used to assess calibra-
tion and discrimination of the logistic regression
model. Statistical significance was set at p <0.05
for all comparisons.

Results

During the study period, 167 patients were inclu-
ded. A total of 73 RTI episodes were recorded in
46 patients, with a cumulative incidence of 27.5%.
The incidence rate of RTI was 2.22 episodes/1,000
days of stay in the WRC. Of all patients who deve-

TABLA 2. Organisms that cause respiratory infection

Organism Cuantity %

Pseudomonas aeruginosa 22 34.3
Moraxella catarrhalis 9 14

Corynebacterium 8 12.5
Streptococcus 5 7.81
Haemophilus influenzae 4 6.25
Acinetobacter 4 6.25
Klebsiella 2 3.12
Morganella 2 3.12
Proteus mirabilis 2 3.12
Staphylococcus 2 3.12
Escherichia coli 1 1.56
Serratia 1 1.56
Proteus vulgaris 1 1.56
Providencia 1 1.56
Total 64 100

loped RT1I, 1 had 5 episodes, 1 had 4 episodes, 3 had
3 episodes, 14 had 2 episodes, and the remaining
patients had a single episode.

Fifty-three percent of patients with inter-
current RTI were on AMYV, 32% were placed on
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AMYV due to the episode, and 15% remained free
of AMV.

Feeding was administered through a K 108
nasogastric tube in 59% of patients, through a
gastrostomy tube in 36%, and orally in 5%.

Cuff deflation tests were performed within a
period of 7 days before the episode of infection in
31.5% of all RTI episodes recorded (23 episodes).
Of these, 82% (19 RT1I episodes) tested positive on
the blue dye test.

Bacteria were recovered in 50 of the 73 recorded
episodes. In 74% of patients in whom bacteria

TABLE 3. Baseline variables

were detected, a single organism was identified;
26% of patients had infections caused by 2 or more
organisms. Of all identified organisms (Table 2),
Pseudomonas aeruginosa was the most common
pathogen (34.3%), followed by Moraxella catarrha-
lis (14%), and Corynebacterium (12.5%).

In the logistic regression analysis (Table 4), the
highest albumin values (p 0.001; OR 0.17; CI 0.06-
0.48) were found to be protective factors against
the development of RTI. Similarly, the absence
of hypertension and a history of long-term HOT
proved to be protective.

Variable Total (138) No infection (92) Infection (46) P value
Age; Mn (IQR) 69 (568 - 77) 69 (60-75.5) 70.5(48.5-78) 0.84*
Male 83 (60.1%) 54 (65.1%) 29 (34.9%) 0.71%
ICU days pre WRC 50.34 (+ 38.07) 50.19 (+ 37.61) 50.74 (+ 39.79) 0.91*
OTl days pre TCT 15.12 (£ 9.09) 1423 (£ 7.72) 13.03 (£ 11.62) 0.39*
Admitted for medical condition 124 (89.8%) 88 (70%) 36 (30%) 0.54+
Admitted for surgical condition 30 (21.7%) 24 (80%) 6 (20%) 0.35%
Admitted for polytrauma 13 (9.4%) 9 (69%) 4 (31%) 0.99¢
Remains hospitalized 27 (19.5%) 17 (62.9%) 10 (37.1%) 0.65*
Medical discharge 25 (18.1%) 20 (80%) 5 (20%) 0.16*
Exacerbation 40 (28.9%) 28 (70%) 12 (30%) 0.69*
Died 34 (24.6%) 19 (55.8%) 15 (44.2%) 0.14#
*Mann-Whitney Test; fFisher’s Exact Test
TABLE 4. Multivariate analysis
Variable Controls Cases OR Pvalue
No infection (n = 92) Infection (n = 46) (Cl 95%)
Age; Mn (IQR) 69 (60-75.7) 70,5 (48.5-78) 1(0.97-1.03) 0.5
Male gender; N° (%) 54 (58.7%) 29 (63%) 1.39 (0.53-3.65) 0.91
Past history on admission; N° (%)
Cardiovascular 54 (58.7%) 25 (54.3%) 3.39 (0.94-12,1) 0.06
Respiratory 35 (38%) 16 (34.8%) 1.91 (0.39-9.35) 0.42
Metabolic 12 (26.1%) 41 (44.6%) 0.41(0.15-1.09) 0.074
Neurologic 35 (38%) 25 (54.3%) 1,11 (0.31-3.95) 0.86
Hypertension 47(51.1%) 17 (37%) 0.25 (0.07-0.88) 0.038
Smoking status 27(29.3%) 7 (15.2%) 0.86 (0.19-3.84) 0.84
Home oxygen therapy 8 (4.3%) 2(8.7%) 0.08 (0.007-0.98) 0.02
Diagnosis on admission; N° (%)
COPD 25 (27.2%) 5(10.9%) 0,75 (0.21-2.6) 0.65
Asthma 3(3.3%) 4(8.7%) 4,69 (0.68 -32.0) 0.11
Diabetes 17 (18.5%) 5(10.9%) 3.03 (0.6-15.1) 0.17
Stroke 17(18.5%) 12 (26.1) 3.45(1.16-10,2) 0.025
Parkinson’s Disease 2(2.2%) 4 (8.7%) 18.94 (1.93-185) 0.017
Amyotrophic lateral sclerosis 4 (4.3%) 6 (13%) 6,34 (1,47-27) 0.01
Condition on admission; Mn (IQR)
Maximal inspiratory pressure 53.6 (46-65) 50.5 (34.5-75.5) 1.001 (0.97-1,03) 0.96
Maximal expiratory pressure 39 (22-51.7) 42.2 (32-67.8) 0.99 (0.97-1,02) 0.95
Glasgow Scale 11 (9.75-15) 11 (10-15) 1,06 (0.93 -1.22) 0.034
Serum albumin 2.8(2.57-3.32) 2.9(2.4-3,2) 0.17 (0.06-0,48) 0.001
Serum hemoglobin 9.4 (8.6-1.62) 9.15(8,3-11) 1.34 (1.003-1,79) 0.048
Serum creatinine 0.7 (0,6-0.8) 0.6 (0.5-0.8) 0.59 (0.33-1,04) 0.07

*Expressed as media (+ SD)
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On the other hand, the lowest hemoglobin val-
ues on admission to the WRC and the presence of
neurologic diseases, such as stroke (p 0.025, OR
3.45CI 95% 1.16-10.2), ALS (p 0.013, OR 6.34, CI
95% 1.47-27.2), and Parkinson (p 0.011, OR 18.9,
CI95% 1.93-185), proved to be risk factors for the
development of RTI.

After adjusting for confounding factors (gender
and age), hemoglobin is found to have no statistical
significance (p 0.14, OR 0.84, CI 95% 0.67-1.06).
(Table 5).

The Hosmer-Lemeshow test to assess calibra-
tion of the final binary logistic regression model
(with adjustment) showed a p value of 0.93. Dis-
crimination was assessed using the area under the
curve, which revealed a value of 0.71.

Discussion

This study is the first in our country to describe
respiratory tract infections in tracheostomized
patients who are hospitalized in a WRC. The in-
cidence rate and the cumulative incidence of RTI
were similar to those reported by Scheinhorn et al.%,
who conducted a multicenter study in 1,419 patients
receiving prolonged MV admitted to 23 WRC.

In our study, neurologic disease was associated
with a risk for developing RT1I, which may be relat-
ed to the swallowing disorders and the impairment
of airway protection ability seen in these patients.
Nseir et al. also reported an association between
neurological impairment and the development of
VAP in ICU tracheostomized patients!2.

In the present study, patients admitted to our
facility were found to have serum albumin levels
below normal, similar to the study by Scheinhorn
et al.!'. The highest albumin values in our sample
were associated with a lower risk for development
of RTI, a finding consistent with that reported by
George et al.’3, who found that serum albumin

TABLA 5. Confounder-Adjusted Logistic Regression
Multivariate Analysis

Variable OR ajustado (IC 95%)* P valor
Arterial hipertension 0.55 (0.24-1.28) 0.16
Home oxygen 0.16 (0.024-1.15) 0.06
Stroke 2.58(1.03-6.48) 0.04
Parkinson disease 9.59 (1.6-57.2) 0.01
Amyotrophic lateral sclerosis 4.3(1.15-16.1) 0.03
Plasma albumin 2.8 (1.16-7.0) 0.02
Plsma hemoglobin 0.84 (0.67-1.06) 0.14

*Adjusted by sex and age

below normal values was a risk factor for the de-
velopment of infection, which suggests impaired
host status, a predisposing factor for infection.
Our data, however, show albumin values below
reference values in both groups (with and without
RTI development), and a difference in medians
that has probably no influence on clinical impact,
being only a statistical finding.

Other studies conducted at our WRC described
the significant difference found in albumin val-
ues between the group of patients successfully
decannulated and the group with decannulation
failure (higher albumin values in the decannulated
group)*. As regards successful weaning from AMYV,
statistically significant differences were found in al-
bumin and hemoglobin values between both groups
(higher values in the group weaned from AMV)'5.

We did not identify significant differences bet-
ween cases and controls as regards discharge status
from our center. This could be due to the fact that
discharge status may depend more on baseline
pathology than on RTIs that developed in the WRC.
In addition, being this a cohort study, some patients
were hospitalized in the WRC before the beginning
of the study, and some patients were still hospita-
lized after the end of the study, making total days
of stay analysis difficult. In the study by Scrigna et
al.'* on this WRC, the removal of the TCT cannula
(decannulation) was found to be one of the deter-
minants of survival and discharge from the WRC.

Only half of patients developing RTIs were on
AMV at the time of the episode, which suggests
that in this patient group the RTI would be more
related to what is known as healthcare-associated
pneumonia. However, it is thought that VAP is
more related with the presence of an endotra-
cheal tube in the patient’s airway than with the
provision of AMYV, since the use of noninvasive
ventilation reduces the incidence of RTI. In our
sample of study patients all have a TCT, but not
all require AMV. A small group of patients did not
require AMV as a result of the infection.

The relationship between swallow tests and the
incidence of RTI could not be analyzed, as during
the two-year study period patients in the control
group were going through different stages of their
swallow tests. However, at the time of the episode
of infection, a high proportion of patients were
undergoing swallow tests and tested positive for
aspiration, which might suggest the possibility of
aspiration RTIs.
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Of the pathogens recovered by bacteriological
examination, Pseudomonas aeruginosa proved
to be the most common causative organism, as
reported in other studies® 6. In the multicenter
study by Scheinhorn, the most commonly repor-
ted organism was Staphylococcus aureus'!, which
reflects the fact that each institution has its own
local microbial flora.

One limitation of our study is its retrospective
design; however, data were prospectively collec-
ted. In addition, as this was a single center study,
our results cannot be extrapolated to other WRCs.
Moreover, since some patients who are successfu-
lly weaned from AMV later require reintubation,
we were unable to record AMV duration for each
patient at the time of the episode and total days
of AMV during the study period. Also, we did not
consider antimicrobial therapy given before the
episode.

Conclusion

For the first time in our setting, the incidence
of RTIs in tracheostomized patients and the
most common causative agents were determined,
although our results should be contrasted with tho-
se of other WRC. The association found between
albumin values and the subsequent development of
RTI may be more related to an incidental finding
than to a significant clinical difference. Patients
with certain diagnoses of neurologic disease have
a higher risk for RTI.
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