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Abstract

Background: Outcomes for patients undergoing prolonged mechanical ventilation remain less than desirable; costs,
morbidity, and mortality are notably high. Therefppatients should be weaned from mechanical atiotil as soon as
possible. Weaning is a complex process in the oasdderly patients with comorbidities on prolongettchanical
ventilation.

Aims: To determine predictors of successful weaninguodfonged mechanical ventilation among the eldpdijents.
Methodology: It is aretrospective chart review studyledical records of 58 patients in the respirataayecunit of a
large long-term care facility for the elderly innteal Israel, divided to those successfully weandédprolonged
mechanical ventilation and those whose weaningfadeld, were analyzed for their demographic andicéil data.
Twenty-eight patients had been successfully weaned.

Results. Twenty-eight patients had been successfully weaSettcessful SBT (spontaneous breathing trial)s les
comorbidities, and lower PCO2 levels one month aalshission, were found as significant predictorsaécessful
weaning off prolonged mechanical ventilation amtheyelderly patients.

Conclusion: These factors might serve as a predictive toal@dning outcome of the elderly patients from prgkmh
mechanical ventilation.
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Introduction M ethodology

As a consequence of advances in intensive care tBaidy design
have allowed increasing numbers of patients t‘Ph
survive, there is a large and growing population of

patients with dependence on mechanical ventilatid?articipants
(Ambrosino & Gabbrielli, 2010). Most patients wh

e study is a retrospective chart review study.

) hanical tlation duri tical Bks %The subjects of the present study are mechanically
require mechanical ventriation during critica ventilated patients which were admitted to the

can be successfully liberated from reSpiratorVespiratory care unit of a large long-term facifioy

support on recovery from the precipitating iIIness[he elderly in central Israel in 2008-2010. Thet imi
For 2-5% of patients, however, the weaning proce

Ventilated patients. The doctor-patient ratio i th

luti f th itati for admisdi nit is 1:10 and the nurse-patient ratio is 1:6.
resolution ot the preciprtating cause 1or admisSon o, ¢, 1tation  services are provided to patients by

the ICU _(Pllcher et al., 2005). (_)utcome_s f_or paBen.experts as necessary. Admission criteria to thé uni
undergoing prolonged mechanical ventilation remaifl cludes prolonged mechanical ventilation (i.e. at

less than desirable; costs, morbidity, and mortality least 3 weeks of ventilation), presence of a

are notably high (Burns et al., 2012). Therefo_r racheostomy tube, hemodynamic stability, positive

patients should be We?‘”ed from mechanlcglnd expiratory pressure <= 8 cm H20, FiO2 < 60%,
ventilation as soon as possible (Boles et al., 2007 and failure of weaning attempts in the referring
Weaning from mechanical ventilation is an essentiagjeneral hospital ward. Criteria for readiness tgiite
and universal element in the care of critically illveaning are systematically evaluated each day to
intubated patients receiving mechanical ventilatiomllow prompt initiation of weaning as soon as the
Weaning covers the entire process of liberating thpatient is ready. The weaning protocol in the unit
patient from mechanical support and from thecludes therapist-driven protocols. Discharge from
endotracheal tube. There is uncertainty about thige unit is based on successful wean or failure of
best methods for conducting this process, which winultiple weaning attempts after all potential
generally require the cooperation of the patiemmpediments to weaning have been identified and
during the phase of recovery from critical illnessaddressed.

This makes weaning an important clinical issue f

mechanical ventilation more than 3 weeks aft

) o .%rolonged ventilated patients who were deemed
patients and clinicians (Bole_s et al., 2007). Wegni unlikely to be weaned, patients who were transterre
IS ?‘" the' more cor_np!ex in the case of eldgrlyrom the respiratory care unit to another specsaliz
pa“‘?”t$ with comorb|d|t|es on prolonged mechanlc%lnit and were not readmitted to the respiratorye car
ventilation (Lermitte & Garfield, 2005). unit, and patients who died during their stay ia th
The number of elderly in Israel is growing, andy unit, were excluded from the study. The remaining
late 2009 there were 741,500 people aged 65 abd patients were the subjects of the present study.
older in the country, constituting about 10% of th&ubjects were 64-89 years old. Most of them (>
entire population. Nearly one half (about 48%) 080%) were COPD patients, with COPD exacerbation
those aged 65 and older are over 75. This groupas the cause of respiratory failure leading to
predicted to rise to 14% of the population by 203@rolonged mechanical ventilation.
while the number of those aged 65 and older wil
double and reach nearly 1.4 million (Central Bureal\deawrements and Procedures
of Statistics, 2010). As the number of elderly siseData collection was performed by retrospective
their need for healthcare services in general anel canalysis of patients' medical records. The patients
including prolonged ventilation in particular ising Wwere divided into two groups: those who had been
as well. Research shows a rise in acute respirat@yccessfully weaned during their stay in the
failure requiring mechanical ventilation among #osrespiratory care unit and those whose weaning had
over 65 (Behrendt, 2000). failed. Successful weaning was defined as
independent breathing through a tracheostomy for at
ast 7 consecutive days during the 60 days since
dmission to the unit. Failed weaning was defired a
ot managing to achieve independent breathing for
at least 7 consecutive days during the 60 day®sinc

Therefore, the purpose of the present study is
explore predictors of successful weaning o
prolonged mechanical ventilation among the elder
patients in a big respiratory care facility in gaht

Israel.
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admission. A period of 60 days was set as a tinperformed to examine the ability of the various
frame according to the evidence that if a patiaité f factors to predict successful weaning. Factors with
to wean from ventilator dependence within 60 daysijgnificance of p < .05 were considered as
he will probably not do so later (Ambrosino &statistically significant.

Gabbrielli, 2010). For each of the two 9roupSy o its

demographic (age and gender) and clinical data upon

admission to the unit were collected. Since Nortohhe research findings show that of the 58 elderly
Scale score and blood gases were parameters thatients, 28 were successfully weaned off the
were likely to change during the patients' stathim prolonged mechanical ventilation, while 30 failed.
unit, and since all the participants were ofable 1 presents the participants’ demographic and
mechanical ventilation for at least 30 days duringlinical characteristics. The findings reveal timat
their stay in the respiratory care unit, Norton I8casignificant difference was found between the two
score and blood gases were collected twice: @moups in age and gender. Additionally, no
admission to the unit (1) and 30 days post-admissisignificant difference was found between the groups
(2). Clinical data that were collected: Ventilatio in ventilation time before admission to the unit. |
time pre-admission to the unit contrast, a significant difference was found betwee
the groups by the success or failure of SBT. The

Success or failure of SBT (spontaneous breath"ﬁ%dings show that 76% of those weaned performed

trial), i.e. Whether a patient ”?a”aged to breathe Luccessful SBT, versus 17% of those not weaned.
CPAP (continuous positive airway pressure) for a

period of 30 min. SBT was initiated as soon as 4o significant differences were found between the
patient was considered ready for weaning, accordiggoups in cognitive status and BMI upon admission.
to clinical assessment, subjective indices arld fact, most of the participants seemed to be of
objective measurements. In patients who did napbrmal weight. In contrast, a significant differenc
tolerate the SBT, the discontinuation of mechanicalas found between the groups in the number of
ventilation was done with progressive reduction afomorbidities. Patients that were weaned tended to
the pressure-support level. have less comorbidities, than those not weaned. The
findings show that only 3.6% of those weaned had
over 10 medical diagnoses, versus 43.3% of those
BMI (body mass index) not weaned.

Cognitive status, i.e. preserved/demented

Number of comorbid illnesses, as stated in theearly all participants were at risk of developing
patient's medical record. Mild diagnoses such gsessure ulcers, as measured by Norton Scale scores
eczema or mild arthritis were not counted. However, significant differences were found
: : etween the groups in mean scores, both on
E:)srl:or?fsgaeigellil)glr?gn ;I;(ra]:js,z as measured by ﬂ%dmission tq the unit (10.9 versus 10.3) and 3(B;Qay
' post-admission (11.4 versus 10.3). That is, peien
Blood tests: levels of albumin, hemoglobinthat were weaned seemed to be at a lower risk of

creatinine, urea, PQ1), PCQ(1), HCQOy(1), pH(1); developing pressure ulcers, than those not weaned.

and PQ(2), PCQ(2), HCQ(2), pH(2) Examination of parameters of blood tests upon
Ethical Considerations admission to the unit reveals a significant differe

lJi)etween the groups in creatinine levels. The mean
creatinine level was lower among those weaned (0.9
mg %) versus those not weaned (1.4 mg %). Urea
DataAnalysis levels as well seem to be higher among those not

Data analysis was performed with the SPSS progré’?‘ﬁa,n?d’ however, this finding .i_s not s_tatistically
(SPSS 19.0, Chicago, lllinois). Continuous variable's"~:’n'ﬁfc"’mt;]| tl)\/loreover,h no S|gn|_f|c;?]nt_ dllgere_ncesd
such as ventilation time until admission to thetunE;ere ound between the groups in their albumin an

The study was approved by the facility's Helsin
Committee.

were presented by means and standard deviatiglfgnoglobin levels. It should be noted that most of
(SD). Categorical variables such as cognitive statf/'€ Participants were characterized by low albumin
were presented by percentages. T-tests or WilcoxBd hemoglobin levels.

rank sum tests were used to determine tlExamination of parameters related to acid-base
significance of differences in various parameteisalance shows a significant difference betweenethos
between those weaned and those not weanggbaned and those not weaned in RQ&vels 30
Multivariate ~forward logistic regression wasdays post-admission to the unit, and its mean level
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was lower among those weaned (39.6 mm Hdpgistic regression. The results show that sucoessf
versus those not weaned (44.1 mm Hg). HoweveBT, less comorbidities, and lower PLBvels 30
no significant differences were found between th#days post-admission, were found as significant
two groups in other blood gases parameters. Tablg@gdictors of successful weaning off prolonged
presents the results of the multivariate forwarthechanical ventilation among the elderly patients.

Table 1: Demographic and clinical characteristics of the participants: Weaned vs. not weaned (N=58)

Variable Weaned Not weaned p

n = 28)( (n=230)
Age (years) 69.7+10 68.5+12 NS
Gender male/female (%) 61%/39% 43%/ 57% NS
Ventilation time 40+16.2 42.6+12.2 NS
pre-admission (days)
SBT success/failure (%) 76%/24% 17%/83% 0.001
Cognitive status preserved/dementesb%/41% 63%/37% NS
(%)
BMI 24.8+3.7 24.2+4.3 NS
Comorbidities (%) 1-6 (25%) 1-6 (10%) 0.02

7-10 (71.4%) 7-10 (46.7%)

>10 (3.6%) >10 (43.3%)
Norton 1 10.9+1.5 10.3+0.8 0.01
Norton 2 11.4+1.7 10.3+0.8 0.001
Albumin (g %) 3.19+0.3 3.13+0.3 NS
Hemoglobin (g %) 10.4+1.9 10.6+1.5 NS
Urea (mg %) 48.7+26.2 57+34.2 NS
Creatinine (mg %) 0.9+0.38 1.4+0.58 0.036
PO, (mm Hg) (1) 90.8+29.1 88.9+24.1 NS
PCQ (mm Hg) (1) 46+8.4 46.1+9.1 NS
HCO; (mEQ/L) (1) 27.3+4.2 28.8+2.6 NS
pH (1) 7.3+0.05 7.3+0.04 NS
PO, (mm Hg) (2) 88.5+16.7 88.9+24.1 NS
PCQ, (mm Hg) (2) 39.6+4.6 44.1+8 0.001
HCO; (mEQ/L) (2) 27.4+4.1 28.8+2.7 NS
pH (2) 7.3+0.03 7.3+0.04 NS

Note. Data are presented as mean + SD or %.
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Table 2: Multivariate logistic regression for factors predicting successful weaning from prolonged
mechanical ventilation among the elderly

95%
. SE. C.l. for
Variable B Standard EXp(B)
Coefficient error Wald Sig. Exp(B) Lower
SBT -3.096 0.864 12.853 .000 .045 .008
Comorbidities -1.904 0.741 6.597 .010 .149 .035
PCQO(2) -.202 0.087 5.364 .021  .817 .689
Discussion parameters of ventilated patients and explored thei

In the present study, ability to perform successflﬂ?lat'.o.n to future _weaning Success, have been
SBT was found as a predictor of successful weanin%intmed' Why  this difference in PCO2 Ievels
SBTs have been recognized as the best way to ass ted, and why PCO2 levels were lower in
whether a patient is able to breathe independentY.
Moreover, it has been demonstrated that SBTs m
hasten the weaning process. SBTs of increasihtparly all participants were at risk of developing
duration can be used to aid the weaning procesgessure ulcers. The chronic critically-ill popidat
(Lermitte & Garfield, 2005). However, weaningis almost universally at high risk for pressureeud;
success cannot be established by SBT alone (Nerasr typically they are of advanced age, and have
& Barbas, 2011). Consistently with this statemeninultiple comorbid illnesses in addition to
in the present study, 17% of patients whose weanidgbilitation resulting from prolonged mechanical
failed, had performed successful SBT. ventilation and immobility (Scheinhorn et al., 2007

The number of comorbidities was found as anotheweaned patients were characterized by a lower risk

predictor of successful weaning in the presentystudOf develo_pln_g pressure u_Icer_s, espe_ually one month
This finding is consistent with other studies, agost-admlssmn. This finding is consistent withgho

reviewed by Ambrosino and Gabbrielli (2010)Of Couchmana, Wetzig, and Coyerc (2007), who

which stated that weaning success seems to stron@ﬁnd that multiple pressure ulcers predicted hile

depend on patients' complexity and comorbidities. aning. Th? Norton _Spale score reflgcts the patien
overall physical condition. Thus, patients who are

Another predictor of successful weaning in thenore physically active and able to participatedlf-s
present study was lower PgQevels one month care, are more likely to sustain the weaning p®ces
post-admission to the unit. However, no significarworkload.

differences -were found in other blood gase\ll aned patients were characterized by lower
parameters. No studies that compared blood gas < P y

creatinine and urea (however, the latter is not

Nntilated patients who were afterwards succegsfull
aned, is unclear.
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statistically significant) levels upon admissionconsistent with those of other studies (Modawal et
Some studies have shown that patients undergoialy, 2002 Chan et al., 2011). Moreover, hemoglobin
prolonged mechanical ventilation with lowerlevels were not found associated with weaning
creatinine and urea levels were well correlatedh wisuccess. Boles et al. (2007) referred to the
successful weaning (Wu et al., 2009). On theonsiderable debate as to the desired hemoglobin
contrary, Mogin et al. (2013) demonstrated that lovevel when considering whether a patient is sugabl
serum creatinine may indicate a longer duration &r weaning.

ventilation weaning in COPD patients as a result

. C'Fhe study has several limitations. It is obseoral
muscle wasting/atrophy.

and retrospective, therefore, making it difficudt t
No significant difference was found between the twestablish cause and effect. Additionally, it was
groups in age and gender. There is controversy oonducted in a single institution, thus possibly
age as a predictor of successful weaning fromampering generalizability of the findings to the
prolonged mechanical ventilation. Thus, age per general population of elderly patients on prolonged
was not a predictor in the study of Pilcher et amechanical ventilation. Moreover, the sample size i
(2005), however, in a pilot study of Epstein, Elsmall, which means the likelihood of Type Il errors
Mokadem, and Peerless (2002), subjects substantial.

successfully weaned off ventilation were younge(%onclusion
than those who failed. Similarly, studies presen

controversial results on gender as a predictor bf conclusion, elderly patients that are likelylde
successful weaning (Pilcher et al., 2005). successfully weaned from prolonged mechanical
ventilation during two months post-admission to the
espiratory care unit, are characterized by subdess
%BT, less comorbidities, a lower risk of developing

pre-admission to the unit being 40 days. Thiressure ulcers according to the Norton Scale both

finding suggests that the patients had receiv%fon admission to the respiratory care unit and one

similar quality of care at various locations befor% onth post-admission, lower creatinine levels upon
being admitted to the wunit. Additionally, no dmission, and lower PGQevels one month post-

significant differences were found between thadmlssmn. Successful SBT, less comorbidities, and

groups in cognitive status, suggesting that denolen[?Wer PCQ levels one month post-admission, seem
I

atients have the potential to be successfulld be significant predictors of successful weartfig
\F/)veaned P ﬁ/rolonged mechanical ventilation among the elderly

patients. These factors might serve physicians as a
No significant differences were found between thgredictive tool of weaning outcome of the elderly
groups in BMI. In fact, most of the participantgpatients from prolonged mechanical ventilation.
seemed to be of normal weight. This finding is n
consistent with that mentioned by Boles et al.
(2007), who reported that malnutrition, that is, BMAmMmbrosino N. & Gabbrielli L. (2010) The difficult
< 20 is related to weaning difficulty. However, BM|  Wean patient. Expert Review of Respiratory Medicine
in critically-ill patients may be influenced by it~ 4:685-692.
imbalance (overload) due to mechanical ventilatiofehrendt C.E. (2000) Acute respiratory failure e t

and thus be higher than in reality (O'Brien et al., United States: Incidence and 31-day survival. Chest
2012). 118:1100-1105.

o . Boles J.M., Bion J., Connors A., Herridge M., Marsh
Most of the participants were characterized by low B. Melot C. Pearl R. Silverman H., Stanchina

albumin and hemoglobin levels upon admission. The M., vieillard-Baron A. & Welte T. (2007) Weaning
etiology of hypoalbuminemia on long-term care from mechanical ventilation. The European
hospital admission is most likely multifactorialitiv Respiratory Journal 29:1033-1056.

the catabolic effects of the inflammatory responseurns S.M., Fisher C., Tribble S.E., Lewis R., MérP.,
difficulties with provision of nutrition in the ICU Conaway M.R. & Bleck T.P. (2012) The relationship
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patients. Similarly, anemia is a common comorbid Journal of Critical Care 21:52-59.

condition in the ICU, and is found in virtually all Central Bureau of Statistics (2010) Press annouaogm
critically ill patients (Scheinhorn et al., 200%).the data on the occasion of the International Day Fer t
present Study albumin levels were not found EIderIy on October 1. 2010. Available from:

associated with weaning success. This result is not http://www.cbs.gov.il/reader/cw_usr_view_SHTML?I
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No significant difference was found between th
groups in ventilation time before admission to th
unit, the average ventilation time of all participa
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