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Abstract 

Background 

Initiation of noninvasive ventilation (NIV) on the wards is not universally accepted. 

Medical Emergency Teams (MET) provide acute care and monitoring to deteriorating 

patients on the general wards. Whether starting NIV in ward patients with respiratory 

distress in the context of MET is safe remains unclear.  

 

Methods 

We evaluated 1123 MET calls in 30217 ward patients between January 2009 and June 

2011 from the prospectively maintained MET database in our tertiary care hospital. 

Patients with acute desaturation (<90%) and tachypnea (respiratory rate>28) on the 

wards, for whom MET was activated, were identified. Patients transferred to the 

intensive care unit (ICU) at the end of MET call were excluded. The remaining ward 

patients were divided into: (1) NIV Group (NIV-G): in which NIV was initiated by MET; 

(2) Non-NIV Group (Non-NIVG): NIV was not started by MET. The primary outcome 

was endotracheal intubation or ICU transfer within 48-hours of MET activation. 

Secondary outcome measures were 28-day mortality and ICU mortality. 

 

Results 

238 MET patients met the study criteria. 109 immediate ICU transfers were excluded.  

Out of remaining 129 ward patients, 54 were in the NIV-G and 75 in Non-NIVG. The 
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NIV-G patients were relatively sicker than Non-NIVG (APACHE II 

17.6+5.1vs.14.4+5;p<0.001). Patients with pulmonary edema, COPD or asthma 

exacerbations were more, and with pneumonia less likely to be placed on NIV. The 

primary outcome was reached in 2/54 (3.7%) of NIV-G patients and 12/75 (16%) of 

Non-NIVG patients (p=0.03). There was no statistical difference (p>0.3) between NIV-G 

and Non-NIVG in the secondary outcomes of 28-day mortality (7.4% vs. 13.3%) and 

ICU mortality (3.7% vs. 8%) respectively. 

 

Conclusion 

NIV in select group of ward patients can be safely initiated in the context of MET. Future 

prospective studies should validate these results and focus on improving MET systems 

to accurately triage such patients. 

 

 

 

 

 

 

 

 

RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02515

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



Introduction 

Non-invasive ventilation (NIV) delivered via a facial or nasal mask is an effective 

technique in the management of selected patients with respiratory failure. [1,2] In 

patients with hypercapnic respiratory insufficiency, it facilitates symptom improvement, 

decreases need for invasive mechanical ventilation, and reduces the duration of 

hospitalization and mortality. [2-6]. It is also used for managing respiratory symptoms 

associated with acute cardiogenic pulmonary edema and minimizes the need for 

intubation in such patients. [7] Investigators have also used NIV in a variety of diseases 

ranging from asthma exacerbations, and pneumonia to neuromuscular disease, post 

extubation, hypoxemic and postoperative acute respiratory failure, with varying success. 

[8-15] 

 The timing and location of initiation of NIV has been evaluated by investigators. 

Early commencement of NIV in appropriate patients is associated with better outcomes, 

as delays in its start can adversely affect the patients and increase the need for invasive 

ventilation. [2,16] Application of NIV in various locations including pre-hospital, 

emergency department, ICU, step-down units and general wards has also been studied.  

[17-20] Because of lack of monitoring and adequate staffing, initiation of NIV is not 

universally accepted on the wards. [1] This is despite the presence of some supportive 

data that starting NIV on the wards may decrease the need for intubation and mortality 

in patients. [21-24] Nonetheless, the concern for starting NIV without monitoring on the 

wards is legitimate as non-responding patients can go unnoticed and may deteriorate 

suddenly in the absence of close observation. [1,25]  
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Medical Emergency Teams (MET) provide immediate critical care expertise in 

evaluating, monitoring, treating and triaging general ward patients. [26] In some 

hospitals, patients on the wards can be started on NIV during MET evaluation. These 

patients are different from the “ward” patients in the aforementioned studies, as they are 

evaluated, treated and triaged promptly by the MET in a timely manner for their acute 

symptoms.  Also, if the patients are deemed stable to stay on the wards with NIV by the 

MET, the decision is usually made after some evidence of clinical stability and/or follow-

up. So the idea to initiate NIV on the wards in the presence of MET appears promising 

and provides an intermediate solution to the lack of available monitored beds. To the 

best of our knowledge, there are only two studies that have evaluated this practice. In 

the one by Cabrini et al, NIV was applied in a wide variety of settings outside the ICU 

with a high success rate and few complications. [27] However, in another by Schneider 

et al, 60% of the patients who were placed on NIV were ultimately transferred to an ICU 

or high dependency unit suggesting against this practice. [28] These dissimilarities led 

us to investigate this question further. 

We conducted this study to evaluate the outcome of NIV initiated for respiratory 

distress on the general wards in the context of MET encounters.  

 

Methods 

 

The ethical approval for the study was obtained from the Institutional Review 

Board of the hospital. The hospital is a 429 bed, Joint Commission International 
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accredited, tertiary care teaching facility with active bone marrow and limited solid organ 

transplant programs, along with expert medical and surgical subspecialties. It has a fully 

equipped ICU that comprises of 18 combined medical-surgical beds, but no high-

dependency or step-down unit. Data were retrieved regarding all the patients who had 

an episode of acute desaturation (saturation <90%) and tachypnea (respiratory rate 

>28) on the general wards in our hospital between January 2009 and June 2011. The 

same rule applied for patients who were already on oxygen. 

The hospital has a “Rapid Response” alert system for patients in non-critical areas 

showing any signs of hemodynamic instability since 2007. Palliative patients with “Do 

Not Attempt Resuscitation” orders are excluded from this service as per institution 

policy. Ward nurses are the ones who usually initiate the system by an overhead 

announcement system. In response to the alert, a “Medical Emergency Team” (MET) is 

activated that responds within five minutes and attends to the patient. MET in our 

hospital comprises of an Internal Medicine physician (either a junior staff or a senior 

medical resident), a designated critical care nurse that carries an emergency medication 

box, a respiratory therapist and a standby pharmacist for prompt delivery of any 

additional medications. The MET manages the patient along with the primary team until 

the patient is stabilized on the ward or it is felt that an ICU transfer is warranted. In 

patients with respiratory distress, the MET can also initiate NIV via a full face mask. The 

decision to initiate NIV is made by the MET physician and is based on his/her clinical 

judgment and whether NIV would be suitable in the given clinical scenario. There is no 

protocol in the hospital MET policy that would guide the MET physician to initiate NIV. 

However, patients with contraindications for use of NIV and patients with recent 
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esophageal, facial, or cranial trauma or surgery, markedly decreased level of 

consciousness, severe hemodynamic instability, persistent lack of cooperation, 

arrhythmias or acute ischemia, and active upper gastrointestinal bleeding are not given 

a trial of NIV.  

During the study period, the NIV was set up and adjusted by the respiratory 

therapist as per the usual hospital policy. The ventilators used during the study period 

for NIV included BiPAP Auto-SV (Respironics), BiPAP vision (Respironics) and V-60 

ventilator (Respironics; from mid-2010). The modes of ventilation used were either 

continuous positive airway pressure (CPAP), bilevel positive airway pressure (BPAP), 

average volume assured pressure support (AVAPS) or pressure control ventilation 

(PCV). The AVAPS and PCV were used as back up modes of ventilation in patients 

who did not tolerate or did not respond initially to CPAP or BPAP. The CPAP was 

initiated at 5 cm of H20 and titrated up to a maximum of 20 cm of H20 based on the 

patient’s condition. The BPAP was started at Inspiratory pressure of 8-10 and expiratory 

pressure of 4-5 cm of H20 up to a maximum Inspiratory pressure of 20cm of H20. The 

pressures were modified by the respiratory therapist to achieve acceptable tidal 

volumes, respiratory rate and minute ventilation.  If the patient was felt to be stabilized 

on the ward, then the MET officially signed off and the patient was managed, with or 

without NIV, by the primary physician as appropriate without any additional monitoring. 

The primary physicians were the ones who eventually discontinued NIV or made a 

decision to intubate the patient as per their clinical judgment. However, in cases where 

the patient was deteriorating from the onset of MET calls, or there was lack of response 

to initial treatment by MET, the intensivist was involved during the MET encounter for 
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patient evaluation and ICU transfer. MET signed off once the ICU transfer was 

complete. 

 

Patients and Study Variables 

During the study period all adult patients 18 years or older for whom MET was 

activated were evaluated. The subgroup of patients with acute tachypnea and 

desaturation were included.  Acute tachypnea was defined as respiratory rate of > 

28/min and desaturation as pulse oximetry of <90%, as per hospital MET activation 

criteria. The same rule applied for patients already on oxygen. If the patients were on 

oxygen, they were included if they had acute tachypnea and desaturation of while on 

their oxygen supplementation.  The patients were identified from the MET 

comprehensive database. These MET encounters were maintained prospectively as 

part of hospital quality control process and patient information regarding those 

encounters was completed in real time by the MET team. The missing information not 

recorded in the MET encounter sheets was collected retrospectively from the electronic 

medical records and patient files. The patients were admitted from the general wards, 

which are divided by specialty in our hospital. The wards included general 

medical/surgical, nephrology, oncology (including hematological malignancies), 

cardiology and neurology. These wards are not monitored and usual routine for patients 

is that the vital signs including pulse oximetry are measured every four hours or sooner, 

only if clinically indicated. Patients admitted to the ICU from the other critical care units 
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(e.g., Cardiothoracic), operating room or emergency rooms were excluded as MET does 

not serve the critical care areas in the hospital. 

Patients with tachypnea and desaturation in whom the MET was not activated, in 

whom the MET was called erroneously, tracheostomized patients, patients recently 

admitted to the wards within twenty four hours from the emergency room, and palliative 

patients were excluded. We also excluded the patients who were immediately 

transferred to the ICU at the end of MET evaluation. Rests of the patients who remained 

on the wards were divided into two groups. Those patients who were placed on NIV 

during the MET encounter for their symptoms were labeled as “NIV Group”. The 

patients who were not placed on NIV, but were kept on the wards were identified as 

“Non-NIV Group”.  Both groups received unrestricted medical therapy per the discretion 

of the MET and the primary team. 

 

Study variables recorded included age, gender, underlying chronic diseases, 

arterial blood gas at time of MET evaluation, acute physiology and chronic health 

evaluation II (APACHE II) scores at time of MET assessment (for laboratory data worst 

values were taken in the six hours around the MET activation time) and reasons for the 

symptoms. For APACHE II score, if data were missing then the score on that variable 

was recorded as normal. [29]  

 

Outcomes and Analysis 
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The primary outcome variable was endotracheal intubation or ICU transfer within 

48 hours of symptoms onset and MET activation. Secondary outcome measures were 

28-day mortality and ICU mortality. The data was analyzed using student t-test, one way 

analysis of variance and Pearson’s Chi-Square test, as appropriate. The results of the 

analysis were considered significant at α <0.05.  

 

Results 

 

There were a total of 1123 MET calls in 30217 ward patients during the study 

period. Out of these, 238 were activated as a result of acute tachypnea and 

desaturation. 26 patients had an erroneous MET call initiated because of measurement 

error, were recently admitted from the emergency room or were palliative, and were 

excluded. 83 patients were immediately transferred to the ICU by the end of MET 

evaluation and were also excluded. However, we did look at the intubation rate among 

this group and it was 51% (n=42/83). Remaining 129 patients were included in analysis 

and divided into the study groups as shown in Figure 1.  

The baseline demographics of the “Non-NIV Group” and the “NIV Group” are 

shown in Table 1. There was no statistical difference between the groups in regards to 

age, gender or underlying diseases. However, the “NIV Group” patients had lower 

arterial blood pH, had higher bicarbonate levels, were more hypercapnic, had better 

symptomatic improvement in their respiratory rate, and MET spent more time with them 

during the MET call. (Table 2) They also had higher APACHE II scores than the “Non-

RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02515

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



NIV Group” patients. (Figure 2) Patients with pulmonary edema, COPD or asthma 

exacerbation were more likely to be placed on NIV on the ward. Patients with 

pneumonia or aspiration, who were deemed stable enough not to be intubated at the 

initial MET encounter and stayed on the wards, were less likely to be given NIV. (Table 

3)  

For the primary outcome, we found that the “NIV Group” had lower rates of 

intubation or ICU transfer when compared to the “Non-NIV Group”; 3.7% vs. 16% 

respectively; p=0.03. (Figure 3) There was no difference in the timing to primary 

outcome. (Table 2) In terms of secondary outcomes of 28-day and ICU mortality, there 

was no statistical difference between the groups. (Figure 4) The causes of death in both 

groups are listed in Table 4. In regards to major complications from NIV, only one 

patient vomited and aspirated in the NIV group. We did not find any documentation of 

other minor complications like air leak or claustrophobia. Usually these are taken care of 

by the respiratory therapist or the physicians. 

 

Discussion 

 

In an ideal situation, the best place of initiation of NIV is some sort of monitored 

setting with a good nurse-to- patient ratio. [30] However, with the growing shortage of 

ICU beds and lack of availability of high dependency units in many hospitals, [19,25,31] 

the options are limited to either delaying initiation of NIV till a monitored bed becomes 

available or to start it on the ward. Delaying the initiation of NIV can result in patient’s 
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deterioration and also reduce the chances of successful response.  [2,16] Studies have 

shown with varying success that NIV on the ward is feasible in selected populations. 

However, generalizing its use in all patients may not be appropriate.  

We found in our study that after MET encounters for true tachypnea and 

desaturation, four out of ten patients were immediately transferred to the ICU. Out of 

remaining ward patients, other 4 out of ten were placed on NIV for their symptoms and 

clinical condition.  Even though these NIV ward patients were sicker than “Non NIV 

Ward” patients (as per APACHE II scores), they had significantly less intubation and 

ICU transfer rates and NIV did not adversely impact their mortality.  

Our study is different from the previous studies done by Cabrini and Schneider. 

The Cabrini study was not done in a “true” MET context, where single anesthesiologist 

worked as MET to manage NIV. They included around 40% emergency department 

patients which are not served by MET in our hospital. However, their ratio of patients 

with COPD and pulmonary edema (61%) and the severity of acidosis (ph 7.29) were 

similar to ours.  In the Schneider study, the patients were evaluated in true MET context 

similar to our study. However, they did not exclude immediate ICU transfers (60% of 

their total patients) that resulted in higher mortality (23.6%) among their patients without 

limitation of treatment, as compared to Cabrini (12%) and our (8%) study. Also their 

patients with COPD and pulmonary edema were comparatively less (39%).  

The practice observed in our study, where sicker patients were immediately 

transferred to ICU without a trial of NIV on the ward and NIV was used in selected 

patients, conforms to the accepted practice regarding NIV. This explains the good 
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outcome in our NIV patients on the wards. The MET did initiate the NIV in our patients, 

but after initial stabilization signed off from those patients and patients were kept on NIV 

with regular “ward” staffing and no additional monitoring. And our results suggest that 

this practice is safe in select group of patients. 54 such patients in our study were 

successfully managed on the ward with NIV, without transferring to an ICU, resulting not 

only in better resource utilization but also significant cost savings. [32]  

The patients in the Non NIV group had higher rates of intubation or ICU transfer 

than NIV group. Though we cannot comment on the precise reasons for the difference, 

but there are a few factors that could explain the findings. MET spent considerably more 

time with the patients in the NIV group and that could have resulted in better outcome 

because of higher level of initial monitoring and attention. [33] The patients in the Non 

NIV group had relatively lower levels of bicarbonate reflecting presence of a non-

respiratory problem contributing to their tachypnea. This can explain why pneumonia 

and sepsis were the main reasons for the outcomes seen in Non NIV group. Whether 

this group of patients would have benefited from NIV (as they were felt not to be too sick 

to be intubated in the MET encounter) or transferred to the ICU immediately, is unclear 

and future studies should focus on such patients. Our focus mainly was on the safety 

and outcome of the NIV group patients which in the context of MET seemed to do ok.   

Our study has a few clinical implications. It emphasizes immediate triaging to the 

ICU of high risk patients with impending severe respiratory failure without a trial of NIV 

on the wards. Both in our study and Schneider’s study, such patients will have high rate 

of intubation. However, our results show that not all the patients requiring NIV need to 

go to a higher level of care as suggested by Schneider et al. NIV can be safely initiated 
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by the MET in selected patients, especially those with COPD, asthma or pulmonary 

edema. Such patients can stay on the ward unmonitored even after MET signs off. This 

practice provides a safety net for ward patients by brief initial monitoring by MET, a 

practice that can help alleviate concerns regarding the safety of such patients. The ward 

patients in our study, who deteriorated in both groups, did so within an average of 9-10 

hours. So we can propose that MET follows these patients for that duration as an 

additional precaution. The logistical and financial implications of these suggestions 

seem better than an actual ICU transfer in these patients. 

Our study has a few limitations. First of all it is a retrospective study of 

prospectively gathered data associated with shortcomings of such studies. The triaging 

capabilities of different physicians vary and that can impact the outcome. [34] It is a 

single center experience and the outcomes could be better or worse for similar patients 

at other institutions. Our MET was led by an Internal Medicine physician accompanied 

by a respiratory therapist. METs without a respiratory therapist may have different 

results. Our population consisted of tertiary care patients, and results may vary in other 

patient populations. We do not have information regarding outcome of patients who met 

the MET criteria but MET was not called for them, which is another limitation of the 

study. Safety and success of NIV administered in a general ward is determined by an 

appropriate selection of patients, identifying those who can benefit from NIV and those 

who are at risk of treatment failure. The retrospective nature of the study limited our 

ability to identify what triage characteristics MET physicians used for initiation or non-

initiation of the NIV.  Future studies should be designed to answer these important 

questions. 
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Conclusion 

 

Based on our results we suggest that for select group of patients, especially 

those with COPD/asthma exacerbations and pulmonary edema, NIV can be safely 

started in the context of an MET evaluation. All patients on NIV do not need to be 

transferred to an ICU. Even in the absence of close monitoring on the wards, the 

patients on NIV in our study had lower rates of intubation and ICU transfer, without 

adverse impact on mortality.  Future studies should not only validate these results, but 

also focus on improving MET systems that can accurately triage such patients. 
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Figure 2: APACHE II score at time of MET evaluation in the two groups 
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Characteristic 
Non-NIV Group 

(n=75) 
NIV Group 
(n=54) 

p 

Age 
Mean (SD), years 

62 (16) 65 (18) 0.3 

Gender, No (%) of patients 

Male 42 (56) 29 (53) 

0.7 

Female 33 (44) 25 (47) 

Underlying Risk Factor* 
No (%) of patients 

Chronic Dialysis 15 (20) 10 (19) 0.8 

Malignancy 11 (15) 6 (11) 0.6 

Immunosuppression 8 (11) 3 (6) 0.6 

Congestive Heart 
Failure 

17 (23) 18 (33) 0.1 

Liver Failure 6 (8) 4 (7) 0.9 

Pulmonary Disease 15 (20) 16 (30) 0.1 

None 17 (23) 11 (20) 0.8 

 

NIV: Non-Invasive Ventilation; No: Number; SD: Standard Deviation; NA: Not Applicable 
*Due to overlapping diseases in patients, percentages exceed 100% 
 

 
Table 1: Baseline Characteristics 
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Characteristic 
Non-NIV Group 

(n=75) 
NIV Group 
(n=54) 

p 

Arterial pH  
Mean, (SD) 

7.39 (0.12) 7.27 (0.15) <0.001 

pCO2 
Mean, (SD) k. pascal 

4.6 (1.2)  7.6 (1.5) <0.001 

Bicarbonate 
Mean, (SD) mmol/L 

22.8 (4.2) 25.1 (5.0) 0.005 

 
NIV Pressures at 
End of MET Call 
Mean, (SD) cm H20 
 
CPAP (n=9),  
BPAP (n=35) 
Other (n=7) 
Data Missing (n=3) 
 

NA 

 
 
CPAP           10.8 (2.3) 
 
BPAP  
Insp. Press.  15.3 (2.1) 
Exp.  Press.   7.4  (1.9) 

 

NA 

RR at start of MET 
Call  
Mean, (SD) per min 

32.4 (4.1) 33.1 (3.9) 0.3 

RR at end of MET 
Call  
Mean, (SD) per min 

26.3 (3.1) 24.6 (4.3) 0.01 

MET Duration 
Mean, (SD) minutes 

82 (26.7) 118 (34.1) <0.001 

Duration of NIV 
Mean, (SD) hours 

NA 6.7 (3.9) NA 

Time to Primary 
Outcome 
Mean, (SD) hours 

8.9 (5.2) 10.5 (3.5) 0.7 

Hospital Length of 
Stay   
Mean, (SD) days 

12.1 (5.3) 13.3 (4.6) 0.2 

 

NIV: Non-invasive Ventilation; n: Number; SD: Standard Deviation; NA: Not Applicable; RR: 
Respiratory Rate; CPAP: Continuous Positive Airway Pressure; BPAP: Bilevel Positive Airway 
Pressure; Insp. Press: Inspiratory Pressure; Exp. Press; Expiratory Pressure; Min: Minute 
 
Table 2: Patient and outcome variables 
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Reason For MET  
Non-NIV Group 

(n=75) 
NIV Group 

(n=54) 
p 

COPD/Asthma 
Exacerbation 

No. (%) of patients 
7 (9) 14 (26) 0.01 

Pulmonary Edema 
No. (%) of patients 

15 (20) 21 (39) 0.01 

Pneumonia/Aspiration 
Pneumonitis 

No. (%) of patients 
23 (31) 6 (11) 0.008 

Pleural Effusion 
No. (%) of patients 

10 (13) 3 (6) 0.2 

Pulmonary Embolism 
No. (%) of patients 

7 (9) 2 (4) 0.4 

Other 
No. (%) of patients 

13 (17) 8 (15) 0.7 

NIV: Non-Invasive Ventilation; No: Number; SD: Standard Deviation; NA: Not Applicable; MET: 
Medical Emergency Team 
Due to rounding, % may not add up to 100. 

Table 3: Reasons for Medical Emergency Team (MET) activation 

RESPIRATORY CARE Paper in Press. Published on July 02, 2013 as DOI: 10.4187/respcare.02515

 
Epub ahead of print papers have been peer-reviewed and accepted for publication but are posted before being copy edited 
and proofread, and as a result, may differ substantially when published in final version in the online and print editions of RESPIRATORY CARE.

Copyright (C) 2013 Daedalus Enterprises



Reason For Intubation/                                Non-NIV Group                       NIV Group 
ICU Transfer 

Pneumonia                                                              6                                           1 
Sepsis                                                                     4                                           1 
Pulmonary Edema                                                  1                                            - 
Pleural Effusion                                                       1                                            - 

 
Cause of Death 
 

Malignancy                                                              1                                           1 
End Stage Lung Disease                                        1                                           1 
Sepsis (including pneumonia)                                 6                                           2 
Congestive Heart Failure                                        1                                            - 
Liver Failure                                                            1                                            - 

 

               NIV: Non-Invasive Ventilation; ICU: Intensive Care Unit 

              Table 4: Reasons for intubation and cause of death in the two groups 
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