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Lecture Objectives

 Current use of Non-invasive Positive Pressure 
Ventilation (NIPPV) 

 Importance of NIPPV therapy in hospitalized patients
 Factors that affect the success on the application of 

NIPPV
 Current use of Portable Sleep Testing (PST) in 

hospitalized patients
 Conclusions



Current use of Non-invasive Positive Pressure 
Ventilation (NIPPV) in hospitalized patients



NIPPV
 Positive pressure 

ventilation 
 Treats respiratory 

failure and OSA
 Gas is delivered 

through interface



Short-Term Goals of NIPPV
 Improves gas exchange by an increase in 

alveolar ventilation
 Decreases work of breathing 

– Provides rest to respiratory muscles
– Provides PEEP (partially overcomes auto-PEEP)
– Patient has to generate less negative inspiratory force to 

initiate breathing cycle

 Decrease risk of injury and avoid endotracheal 
intubation

 Relieve symptoms / increase comfort



Long-Term Goals of NIPPV

 Improvement of sleep
 Improvement of quality of life
 Improvement of function (ADLs)
 Decrease readmissions due to recurrent 

respiratory failure
 Improvement in survival for some 

patients



 2004 National Hospital Discharge Survey (NHDS)
 371000 discharges from 439 non-federal short stay 

hospitals
 Only 5.8 % of patients with OSA were managed with 

CPAP during their stay



 Observational study
 Review of 195 OSA patient charts from March to July 

2009.
 26% of patients were treated with CPAP during the 

hospitalization
 Another 10% was offered treatment but was not 

implemented



Reasons for not using CPAP

 Nurses might not be comfortable
 Lack of equipment in smaller hospitals 

(patient needs to bring own machine)
 OSA might not be considered an “urgent 

problem”



 Retrospective Cohort Study of 723,560 hospitalizations 
for exacerbation of COPD

 475 hospital between 2001 and 2011
 Primary outcome: the initial form of ventilation
 To determine trends and patient characteristics 

associated with receipt of NIPPV





Results
 Initial NIV increased by 15.1% yearly
 Initial IMV declined by 3.2% yearly
 Annual exposure to any form of mechanical 

ventilation increased by 4.4%
 Age ≥ 85 had a 22% higher odds of receiving 

NIPPV compared with those aged < 65
 Blacks and Hispanics were less likely to be 

treated with NIV than were whites



Results

 Higher NIPPV failure in cases with high 
burden of comorbidities and concomitant 
pneumonia
 Use of NIV increased at a faster rate 

among the admissions of the oldest 
patients relative to the youngest



COPD





IMJS 2009 Thorax 2010



IMJS 2009

 Improvement in blood gases.
 22% required hospitalization 

due to COPD exacerbation 
during first year.

 5 year survival rate was 58%
 Improvement in lung function 

parameters
 HRQOL improved 

substantially.

Thorax 2010

 Nocturnal PaCO2 is more 
efficaciously corrected with 
HINPPV.

 Improvement in respiratory 
muscle rest, and improvement 
in lung function.

 Benefit on exercise-related 
dyspnea, and HRQL as 
mesured by SRI.

 HINPPNV was well tolerated. 



COPD exacerbation





Treatment Failure:
-Combination of mortality, need for 
intubation, and intolerance to the 
treatment.

Data from seven of the 
studies showed that NPPV 
resulted in a significantly 
lower risk of treatment 
failure, compared with 
usual medical care.



NPPV reduces the 
risk of treatment 
failure.
RR:0.51
NNT:5

NPPV significantly 
reduces  the risk of 
mortality.
RR:0.41
NNT:8

NPPV decreases the 
risk of endotracheal 
intubation.
RR:0.42
NNT:5



NPPV reduces the length of 
stay in hospital

NPPV decrease the risk of 
intubation.



 Patient population:
– Data from the Nationwide Inpatient Sample of Healthcare Cost and Utilization 

Project from 1998 to 2008

 Data analysis:
– - 3 outcomes: in-hospital mortality, length-of-stay, and total charges of 

hospitalization

 Outcomes were compared between patients receiving NPPV, IMV 
and no respiratory support



 Progressive increase in the use of 
NPPV, and decrease in the use of 
IMV.





In 2008 the adjusted odds 
ratio for death comparing  
those transitioned  from 
NPPV to IMV versus 
treated initially with IMV 
was 1.61 (95% CI, 1.24-
2.09).

Overall, the risk of death 
among those treated  with 
NPPV alone versus those 
requiring transition from 
NPPV to IMV, appeared to 
be diverging away from 
each other over time.



 Who is going to fail?
– High acuity of illness (impairment in level of consciousness)
– Severe acidosis (pH<7.25)
– High APACHE score
– Presence of complications from sepsis
– Poor functional status before admission
– Failure to demonstrate early response to NPPV (no 

improvement in pH, PaCO2, and level of consciousness within 
1 hour of initiation of NPPV)

 Why the high mortality?
– Increasing the use of NPPV in patients who are difficult to 

ventilate
– Continuation of NPPV despite lack of early improvement







Results
 14 studies included in the review
 NPPV resulted in:

– Decreased mortality (RR 0.52)
– Decrease need for intubation (RR 0.41)
– Reduction in treatment failure (RR 0.48)
– Rapid improvement within the first hour in pH, 

PaCO2 and BR
– Reduction in complications associate with 

treatment (RR 0.38)
– Reduction on hospital stay (-3.24 days)



Acute Cardiogenic 
Pulmonary edema.



 Parallel RCT comparing NIV to conventional oxygen or 
to another NIV modality

 Primary outcome: treatment failure  “need to 
intubate”, and in-hospital mortality

 ICU length of stay, hospital length of stay, 1-year 
mortality, adverse effects were not analyzed due to 
lack of this information in many of the studies

JAMA, December 28, 2005-Vol 
294, No24, 3124



 Trial: 559  15
 Causes of acute pulmonary edema:

– ACS (31%), HTN: 27%, worsening HF (14%), others 
(28%)

 All trials used oro-nasal masks.
 CPAP: 2.5-12.5 (10 cm H2O).
 BiPAP: 

– IPAP: 14.5 – 20 (15 cm H2O).
– EPAP: 5 cm H2O.









 CPAP was associated with reduction in mortality vs standard 
therapy

 A non-significant trend favoring a reduction in mortality with 
BiPAP over standard therapy

 No significant difference in mortality risk between BiPAP and 
CPAP

 CPAP and BiPAP were associated with significant reductions  in 
the need for invasive mechanical ventilation

 LOS was not reduced by either CPAP or BIPAP

Lancet, April 2006, vol 367, 1115-1163





Critical Care, 2006, Vol 10 (2)





 BiPAP was associated with a trend toward increased 
risk for new onset acute MI compared with CPAP

 Patients were, by nature, at high risk for developing MI
 Rapid correction of PaCO2 values with potential 

coronary vasoconstriction and asynchrony between 
patients and bilevel ventilator, which could induce 
adverse physiological changes



ARDS



 MEDLINE from 1980 to 2005 of RCT in ARDS patients 
 Intervention: NIV and standard therapy vs standard therapy alone
 Outcomes: need for endotracheal intubation and/or ICU survival
 1098 studies  3 RCT
 All the trials were prospective, randomized but none were blinded

Respiratory medicine (2006);100,2235-2238





Acute asthma



Eur Respir Rev 2010;19:115,39-45



 Meduri et al.: NPPV improve gas exchange in status 
asthmaticus. Significant reduction PaCO2. Improvement in 
oxygenation. 

 Fernandez et al.: NPPV vs IMV. PaCO2 decreases 
similarly in both groups. Similar improvement in PaO2.

 Soroksky et al.:BiPAP significantly improves PFTs 
(increase of at least 50% in FEV1). Decrease 
hospitalization rate.

 Soma et al.: improvement in FEV1in the high pressure 
group.

 Gehlbach et al.: NPPV vs ETI. ETI is associated with a 
prolongued hospital stay, and an increased rate of 
complications, such as barotraumas, muscle weakness, 
organ failure and hospital acquired infections. 



 Selected patients with 
severe asthmatic 
attacks can benefit 
from a carefully and 
closely monitored trial 
of NPPV.

 The key to successful 
NPPV application is 
choosing the right 
patient. 



 A trial of NPPV in the 
wrong patient might 
delay an inevitable ETI, 
and subject them to 
unnecessary risks.



 Recommendations:
– Do not use CPAP alone without pressure support.
– Adding pressure support to CPAP increases tidal volume and helps 

to unload fatigued respiratory muscles.

 Risks:
– Delay in endotracheal intubation.
– Inadvertent application of extrinsec PEEP that is higher than auto-

PEEP could contribute further to dynamic hyperinflation.

 Conclusion:
– In the appropiate enviroment, a cautious trial of NPPV may be tried 

in selected asthmatic patients.



NIPPV after extubation



 Systematic review and meta-analysis of only RCT on the 
use of NIV post-extubation vs standard care

 3 groups of patients: post-extubation in ICU (6), weaning of 
patients from MV (5), and postoperative patients (5).

 Post-extubation in ICU: 740 patients.
– Medical treatment: 371.
– NIV: 369

British Journal of Anaesthesia, 
109 (3):305-14 (2012)









OSA / OHS



Critical Care Clin 24 (2008)33-549



 CPAP should not be used in cases of acute-on-chronic 
hypercapnic respiratory failure due to its inability to 
improve alveolar ventilation.

 Goals of treatment:
– Relieve upper airway obstruction.
– Increase alveolar ventilation.

 Therapy of choice: NPPV.
– EPAP: maintains upper airway patency.
– Δ IPAP and EPAP: represents PSV, and increasing delta leads to 

large TV and increases ventilation.

 NPPV: improves oxygenation and ventilation.



 Successful alveolar ventilation leads to TV 8-10 ml/kg, and 
decreases RR to fewer than 25 breaths/min.

 The best predictor of early NPPV failure (1-3h) is the lack 
of improvement in pH and pCO2 after 1 hour.



Algorithm





NIPPV Protocols
 Known OSA or high risk for OSA without PaCO2 > 50 

without hypoxemia
 High likelihood of OSA with hypercarbia (PaCO2 >50)

• OSA with OHS (PaCO2>50) or chest wall disorder
• OSA with lung disease (Overlap syndrome, mainly COPD 

+OSA)

 Hypoventilation due to neuromuscular or chest wall 
disorder, low risk for OSA



High risk for OSA/no 
hypercarbia/no hypoxemia

• Autopap 5 to 20 cmH2O
• Before discharge portable sleep test can be done to 

guarantee delivery of machine
• If poor tolerance to autopap mode, to use autobipap

mode 
• with delta of 4
• starting at 8/4
• Maximum inspiratory pressure 25

• Mask fitting to comfort



High likelihood of OSA with 
PaCO2 >50

• Autobipap order
• Starting pressure 12/4
• Keep PSV 8
• Machine will titrate itself to increase EPAP for obstructive 

events and will increase the IPAP keeping a delta of 8
• Maximum IPAP 25
• Mask fitting to comfort (by RT)
• If PaCO2 does not improve despite maximal pressure patient 

can tolerate, to add back up rate (CO2 not dropping by 10 points 
despite overnight use)



Hypoventilation due to 
neuromuscular or chest wall disorder-

low risk for OSA
 No autobipap (IVAPS could be consider) 
 To adjust bipap with a goal of 8 cc/kg (450 to 500 cc)
 Start at 12/4. Increase delta to decrease PaCO2 to 45 or 

to keep tv of 450 or 500. 
 If hypoxemia, mild increase in epap can help or will 

need addition of oxygen to keep sat at 90%
 For ALS or neuromuscular respiratory weakness, 

bipap ST should be used (RR 10 to 12, to comfort)
 Mask fitting to comfort



 Retrospective chart review of consecutive patients who 
were initiated on and failed NIPPV between 1/2009 and 
12/2009

 Among 1095 patients screened, 111 failed NIPPV. 











Portable Sleep Testing



 2877 patients; 661 (23.7%) screened high risk for OSA, 
of whom 534 (81%) did not have diagnosed OSA

 The PST detected OSA in 170/207 (82%) high risk OSA 
patients without prior diagnosis of OSA

 Post-op there were:
– No respiratory arrests
– Two unanticipated ICU admissions
– Five documented respiratory complications



Results





Results

 395 patients with Acute Decompensated 
Heart Failure (ADHF) underwent PST
 298 (75%) had SDB

– 226 (57%)  OSA
– 72 (18%) central SDB
– 25% with no SDB
– In-lab PSG 6 to 8 weeks post discharge was 

100% positive in a subgroup of OSA patients





 Prospective cohort study
 424 hospitalized patients ≥ 50 yo without a sleep disorder 

diagnosis (mean age 65 yo, 57% female, 72% African 
American)

 Measures: Berlin questionnaire, wrist actigraphy, 
Karolinska Sleep Quality Index (KSQI)







 106 consecutive cardiac patients hospitalized for heart failure, 
arrhythmias, and myocardial infarction and who reported 
symptoms of SDB were evaluated. 

 Patients underwent a type III PST
 If positive for OSA, PAP therapy started
 104 patients had conclusive PST
 78% (81/104) had SDB (AHI ≥ 5 events/hour)
 80% (65/81) had mainly OSA and 20% (16/81) had mainly CSA



 0/19 (0%) patient with 
adequate PAP adherence 
were readmitted at 30 
days

 6/20 (30%) with partial 
PAP use and 5/17 (29%) 
of patients who did not 
use PAP were readmitted 
to the hospital or visited 
the ED for a cardiac issue 
within 30 days from 
discharge



Conclusions
 Use of NIPPV reduces mortality, prevents intubation, 

decreases length of stay, decreases costs and 
improves quality of life, if used at the right time and on 
the right patients

 NIPPV is indicated in patients with AE COPD, Asthma, 
NM weakness, Acute Pulmonary Edema, OSA/OHS, 
chest wall disorders and immunosuppressed  patients 
(BMT) with respiratory distress

 Studies have not shown efficacy in ARDS or 
pneumonia, so it should be avoided in these cases



Conclusions
 A multidisciplinary team composed by RTs, nurses, 

case managers, social workers and physicians; all well 
trained in NIPPV is required to be successful 

 The treatment does not end necessarily after 
discharge. Patients should continue treatment after 
discharged from the hospital to prevent readmissions

 Usage of PST can help identify patients with OSA while 
inpatient and provide the means to start treatment in 
the hospital and continue upon discharge

 PST use in the inpatient could decrease readmissions
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