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Non-invasive ventilation in the postoperative period: 
Is there a role?

Ashu S Mathai
Department of Anaesthesiology, Christian Medical College and Hospital, Ludhiana, Punjab, India

ABSTRACT

Non-invasive positive pressure ventilation or non-invasive ventilation (NIV) has emerged as a 
simpler and safer alternative to invasive mechanical ventilation in patients developing acute 
postoperative respiratory failure. The benefits of NIV as compared to intubation and mechanical 
ventilation include lower complications, shorter duration of hospital stay, reduced morbidity, 
lesser cost of treatment and even reduced mortality rates. However, its use may not be uniformly 
applicable in all patient groups. This article reviews the indications, contraindications and 
evidence supporting the use of NIV in individual patient groups in the postoperative period. The 
anaesthesiologist needs to recognise the subset of patients most likely to benefit from NIV therapy 
so as to apply it most effectively. It is equally important to promptly identify signs of failure of NIV 
therapy and be prepared to initiate alternate ways of respiratory support. The author searched 
PubMed and Ovid MEDLINE, without date restrictions. Search terms included Non-invasive 
ventilation, postoperative and respiratory failure. Foreign literature was included, though only 
articles with English translation were used. 
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INTRODUCTION

The postoperative period is fraught with complications 
related to the respiratory and cardiovascular 
systems, especially in the ‘at-risk’ patient population 
group. The severity of these complications depends 
upon the preoperative respiratory status as well 
as intraoperative factors, such as the type and site 
of surgery performed and the anaesthesia that the 
patient is exposed to.[1,2] With rapid advances in 
the medical care, better treatment options available 
and increasing longevity of our population, the 
anaesthesiologist may often be confronted with 
such medical challenges in the perioperative period. 
Hence, management begins with careful screening 
and selection of the at-risk patient, optimising his 
physiological status in the preoperative period, 
continuing to provide lung protective ventilation 
in the intraoperative period and extending optimal 
respiratory care into the postoperative period. The 
mainstay of treatment of postoperative respiratory 
failure so far has been reintubation and mechanical 

ventilation, which are associated with complications 
like pneumonia, infections, increased costs, 
morbidity and mortality. Thus, the anaesthesiologist 
is left with the dilemma of optimally managing 
postoperative respiratory failure while avoiding 
the attendant complications of reintubation. Non-
invasive ventilation (NIV) has been used successfully 
in such instances. This article focuses on the benefits 
of NIV for the management and treatment of acute 
postoperative respiratory failure.

IDENTIFYING THE AT-RISK POPULATION

A study by Silva et al.[1] studied 521 patients over 
5 years and reported that thoracic , cardiac and upper 
abdominal surgeries were associated with the highest 
risk of postoperative pulmonary complications. The 
predictors of postoperative respiratory failure in 
their study included the site of surgery, duration of 
anaesthesia (more than 3.5 hours) and the severity of 
ASA classification (grades III and IV). Other studies 
have also reported that, the at-risk population are 
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those with underlying lung diseases, age >60 years, 
ASA functional status II or greater, obese patients, 
those with underlying congestive cardiac failure and 
obstructive sleep apnoea syndromes.[2] The risk of 
postoperative respiratory failure is especially greater 
if such patients are made to undergo long duration, 
high-risk surgical procedures like upper abdominal or 
thoracic surgeries. Gas exchange failure results from 
reduction of phrenic output, disruption of muscle 
output and pain.[2] General anaesthesia, by reducing 
the muscular tone, also adds to pump failure. Other 
insults like sepsis, shock, ischaemia and reperfusion 
injury and blood transfusions worsen lung injury 
leading to worsening of gas exchange.[2] Obese patients 
are at an increased risk of developing postoperative 
respiratory failure. Pulmonary atelectasis is reported 
to develop in 85 to 90% of obese patients during the 
first minutes of anaesthesia and can persist for even 
24 hours after the end of the surgical procedure.[3] 
They are also particularly vulnerable to respiratory 
instability, episodic desaturations in supine position 
and the respiratory depressant effects of sedatives 
and opiates leading to postoperative hypoxaemia, 
hypercapnia and respiratory failure.[4,5]

ROLE OF NON-INVASIVE VENTILATION IN THE 
POSTOPERATIVE PERIOD

NIV has opened up new avenues in the management 
of respiratory failure in the postoperative patient. The 
data on the role of NIV for acute respiratory failure 
in the postoperative setting are selective, with clear 
evidence in certain patient groups who are undergoing 
specific surgical procedures. It is important to 
carefully rule out any of the contraindications to the 
application of NIV [Table 1][6] before starting its use. 
The benefits of NIV have been clearly established in 
the intensive care unit (ICU) especially in patients 
with hypercapnic respiratory failure secondary to 
chronic obstructive pulmonary disease (COPD) or 
to chest wall deformities, cardiogenic pulmonary 
oedema and as an aid to facilitate weaning from 
ventilatory support.[7] The evidence for the beneficial 
effects of NIV in postoperative patients mainly comes 
from studies in patients who have undergone major 
thoracoabdominal or cardiac surgeries. Here, NIV 
may be applied prophylactically, i.e., in the at-risk 
postoperative patient to prevent acute respiratory 
failure from developing, or therapeutically, i.e., 
to support the patient who has already developed 
postoperative respiratory failure. In addition, patients 
at risk of developing acute postoperative pulmonary 

oedema or postoperative airway obstruction also 
benefit from trials of NIV.

Abdominal surgery
Abdominal surgery is most often followed by 
diaphragmatic dysfunction and a marked decrease 
in vital capacity, which often leads to atelectasis and 
hypoxaemia.[8] Surgeries which result in dysfunction 
of diaphragmatic movement tend to worsen respiratory 
impairment. Data suggest that 30 to 50% of patients 
undergoing abdominal surgeries develop hypoxaemia 
postoperatively, and 8 to 10% require endotracheal 
intubation postoperatively.[9] The beneficial effects 
of postoperative NIV have been demonstrated 
following laparoscopic surgeries for cholecystectomy, 
bariatric surgeries and thoracoabdominal surgeries for 
aneurysm repair.[10-12]

Prophylactic non-invasive ventilation
There have been several studies demonstrating the 
benefits of prophylactically applied NIV in patients 
undergoing abdominal surgeries. Stock et al.[13] 
reported that patients receiving continuous positive 
airway pressure (CPAP) and incentive spirometry after 
cholecystectomy by laparotomy had a significantly 
improved functional residual capacity (FRC) and 
lesser roentgenographic evidence of atelectasis than 
those treated with coughing and deep breathing 
exercises. Similarly, patients treated prophylactically 
with CPAP of 10 cm H2O for 12 to 24 hours a day 

Table 1: Contraindications to the use of non-invasive 
ventilation

Absolute
Impaired level of consciousness
Severe agitation
Copious secretions
Uncontrolled vomiting
Inability to protect airway
Repeated haemoptysis or haematemesis
Acute myocardial infarct
Cardiac arrest
Immediate endotracheal intubation necessary
Apnoea
Upper airway obstruction
Facial trauma
Patient declines

Relative
Mildly decreased level of consciousness
Progressive severe respiratory failure
Recent oesophagectomy
Uncooperative patient who can be calmed or comforted
Suspected acute coronary ischaemia
Haemodynamic instability
Pregnancy
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after thoracoabdominal surgery (aneurysm of 
thoracoabdominal aorta) had significantly better 
oxygenation rates and shorter lengths of ICU 
and hospital stay.[12] In morbidly obese patients 
undergoing abdominal surgeries, studies have clearly 
demonstrated the benefits of prophylactic use of NIV 
in the postoperative period. Joris et al.[11] demonstrated 
that the application of bilevel positive airway pressure 
(BiPAP) set at 12 and 4 cm PEEP: Positive end-
expiratory pressure H2O significantly improved the 
peak expiratory flow rate, the forced vital capacity 
and the oxygen saturation on the first postoperative 
day. In these patients, the beneficial effects of NIV 
was attributed to an improvement in lung inflation, 
prevention of alveolar collapse and reduced inspiratory 
threshold load.[11]

Therapeutic non-invasive ventilation
In a large randomised controlled study conducted 
across 15 ICUs in Italy, Squadarone et al.[9] studied 
209 patients who underwent laparotomy longer than 
90 minutes and developed postoperative hypoxaemia 
in the first hour after surgery. These patients were 
then randomised into 2 groups, one received CPAP 
(7.5 cmH2O) via helmet and the other received 
standard care, including oxygen. They concluded that 
use of CPAP significantly reduced the incidence of 
endotracheal intubation and other severe complications 
like pneumonia, sepsis, anastomotic leaks, infection 
and death. In fact, this study was terminated after 
the first interim analysis because of the significant 
benefits achieved in the CPAP group. Other smaller 
and observational studies have also reported benefits 
with the use of NIV, especially in avoiding intubation, 
reducing complications and length of ICU stay.[14,15] 
In patients undergoing liver resection surgeries, the 
postoperative use of NIV resulted in improved paO2/
FiO2 and paCO2 levels, lower rates of re-intubation 
as well as lower respiratory-cause mortality and all-
cause mortality.[16] Conti et al. matched 25 patients 
who received NIV therapy for acute respiratory failure 
following abdominal surgery with 25 matched controls 
who were treated with face mask and reported that 
the NIV group had better gas exchange, tolerance and 
lesser complications than the other group.[17]

There may be some concerns of increased 
anastomotic leakage in patients who receive NIV after 
gastrointestinal anastomoses, especially following 
upper gastrointestinal anastomosis, where use of NIV 
may be considered a relative contraindication [Table 1]. 
However, there have been several studies on the use 

of NIV in patients who had undergone procedures like 
oesophagectomies, digestive surgeries, gastrectomies 
and colostomies showing increased benefits and 
reduced morbidity with use of NIV postoperatively. 
Studies by Joris et al., Pessoa et al. and Kindgen-Milles 
et al. have not reported any problems with suture 
integrity.[11,12,18] Some studies have even reported 
that the incidence of anastomotic leak was lower in 
the NIV group.[9,19] Huerta et al. studied 159 patients 
treated with NIV following gastrojejunostomy as part 
of	a	Roux-en-Y	gastric	bypass	procedure	and	reported	
that there was no correlation between NIV use and 
major anastomotic leakage postoperatively.[20] A 
word of caution though; while using NIV in patients 
following upper gastrointestinal anastomosis, gastric 
inflation pressures should be carefully monitored as 
the risk of anastomotic leakage seems to be more if 
very high insufflation pressures are applied (more than 
25 cm H2O). Use of the Ryle’s tube on drainage may be 
useful to detect excessive insufflation, should it occur.

Thoracic surgery
There is significant risk for postoperative lung 
dysfunction following lung resection surgeries as 
a result of several factors like inhibition of phrenic 
nerve, pain, reduced muscle tone due to general 
anaesthesia and loss of functioning lung parenchyma. 
These can lead to sputum retention, lobar atelectasis, 
pneumonia and respiratory failure.[21-23]

Prophylactic non-invasive ventilation
In a randomised study conducted by Perrin et al.,[24] 
the prophylactic use of NIV in patients with severe 
preoperative airflow obstruction (forced expiratory 
volume FEV1 <70%) undergoing lobectomy for 
carcinoma of the lung resulted in significant 
improvements in pulmonary function. In this study, 
patients who received NIV in the 7 days prior to surgery 
and 3 days after surgery had significantly higher paO2 
and better forced vital capacity (FVC) and FEV1 on 
days 1, 2 and 3 after surgery. This group of patients 
also had a significantly lesser duration of hospital stay. 
Aguilo et al. studied 10 patients who received a trial of 
NIV following lung resection surgery and found that 
patients on NIV had improved oxygenation, which 
continued even one hour after withdrawing NIV 
support, with no associated increase in pleural air 
leaks.[25]

Therapeutic non-invasive ventilation
Lefebvre et al.[26] reported that of the patients at risk 
for severe complications following lung resection 
surgeries, 16.3% eventually developed acute 
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respiratory failure, which were both hypoxaemic 
and hypercapnic types. The overall success rate of 
NIV in this group was 85.3%; however, the mortality 
associated with NIV failure was 46.1%. In the same 
study, presence of cardiac co-morbidities and lack of 
initial response to NIV were found to be independently 
associated with NIV failure. Auriant et al.[27] studied 
48 patients who developed respiratory failure after 
lung resection. In this trial, 20.8% of patients assigned 
to the NIV group required intubation and invasive 
ventilation compared to 50% patients in the no-NIV 
group. Mortality rates too were significantly lower in 
the NIV group (13% vs 38%).

Cardiac surgery
Respiratory failure after cardiac surgery is associated 
with morbidity, mortality and decreased quality of 
life. The incidence of respiratory failure varies from 
5 to 20% in the literature.[28-29] In a study on 5,798 
patients undergoing cardiac surgery over a 6-year 
period, Filsoufi et al.[30] reported that combined valve 
and coronary artery bypass graft was associated with 
the highest incidence of respiratory failure, followed 
by aortic procedures. The overall reported incidence 
of respiratory failure in the first group was 9.1% 
and mortality rate was 15.5%. Patients with lower 
preoperative ejection fraction, those undergoing 
combined cardiac surgical procedures and those with 
severe SAPS II scores were reportedly at the greatest 
risk of developing postoperative respiratory failure.[31]

Prophylactic non-invasive ventilation
In a study on the prophylactic use of nasal CPAP 
following	cardiac	surgeries,	Zarbock	et al. randomised 
500 patients to receive either intermittent nasal CPAP 
at 10 cm H2O every 4 hours or prophylactic nasal CPAP 
at 10 cm H2O for at least 6 hours. They concluded 
that use of CPAP significantly improved arterial 
oxygenation, reduced pulmonary complications and 
ICU readmission rates.[32] Kilger et al.[31] noted that 
35% of the cardiac surgical patients studied over four 
years developed post extubation respiratory failure 
and intermittent NIV benefited 33% of these patients. 
Matte et al.[33] reported that when preventive NIV was 
used in 96 patients in the first 2 days after cardiac 
surgery, there was improved oxygenation and lower 
reduction of lung volumes. However, the incidence of 
atelectasis was similar (12–15%) to the non-NIV group.

Therapeutic non-invasive ventilation
There have been only a few studies reporting the use 
of NIV for treatment of respiratory failure following 
cardiac surgeries. Olper et al.[34] studied 85 patients 

who received NIV for treatment of respiratory failure 
following cardiac surgery and reported that NIV was 
a safe and feasible solution for postoperative acute 
respiratory failure, even when applied after discharge 
from the ICU. Pasquina et al. reported that when CPAP 
was applied in patients who developed postoperative 
atelectasis (based on roentgenographic evidence) 
following cardiac surgeries, there was considerable 
improvement of atelectasis, as determined by 
radiological scores.[35]

Acute postoperative pulmonary oedema
Causes of acute pulmonary oedema in the postoperative 
period include non-cardiogenic causes like fluid 
maldistribution, neurogenic causes, anaphylaxis, 
acute lung injury and negative pressure pulmonary 
oedema following upper airway obstruction or 
residual neuromuscular blockade. The cardiogenic 
causes include acute left ventricular failure. There 
are many reports of successful use of NIV in patients 
developing acute pulmonary oedema from cardiogenic 
or non-cardiogenic causes.[36] A meta-analysis of 15 
trials by Masip et al. reported that NIV significantly 
reduced the need for intubation and mortality in 
patients with acute cardiogenic pulmonary oedema.[37] 
A Cochrane review in 2008 on the use of negative 
pressure pulmonary ventilation (NPPV) in cardiogenic 
pulmonary oedema collected data on 1,071 patients in 
21 studies and reported that CPAP is an effective and 
safe intervention for the treatment of adult patients 
with acute cardiogenic pulmonary oedema. The use 
of NIV reduced need for endotracheal intubation and 
hospital mortality without increasing the risks of 
further ischaemic events.[38]

Potential postoperative airway obstruction
Obstructive sleep apnoea is one of the commonest 
causes of upper airway obstruction in the postoperative 
period and occur typically in the obese or patients 
with pre-existing neurological disorders. A review 
of the inciting causes, clinical findings, onset and 
duration, electrocardiographic findings, laboratory 
findings and chest radiographic findings will aid in 
the differential diagnoses of these conditions. Besides 
treatment of the primary problem and use of drugs 
like diuretics and inhaled b-agonists, supplemental 
aids for respiratory support include oxygen, use of 
NIV or invasive mechanical ventilation (in severe 
cases). Rennotte et al. reported a series of 16 adult 
patients undergoing various operative procedures 
who had documented evidence of obstructive sleep 
apnoea syndrome. The first two patients developed 



329Indian Journal of Anaesthesia | Vol. 55| Issue 4 | Jul-Aug 2011

Mathai: Non-invasive ventilation

serious complications postoperatively. Following this, 
the remaining patients were instituted on nasal CPAP 
prior to and following surgery on a continuous basis 
for 24 to 48 hours and none of these patients suffered 
any complications. They also had a comparable 
postoperative length of stay as other non-obstructive 
sleep apnoea patients.[39] In a study by Friedman 
et al., application of NIV in children following 
adenoidectomy or tonsillectomy improved respiratory 
symptoms in all children who were at an increased 
risk of postoperative airway obstruction.[40] Also, in 
patients undergoing laryngotracheal surgeries, the 
use of NIV benefits patients by providing ventilatory 
support and airway stenting till tracheal oedema and 
pulmonary dysfunction resolves, at the same time 
avoiding the risk of further tracheal mucosal injury 
from tracheal intubation.[41]

Missed opportunities?
Despite the many reported benefits of NIV in the 
perioperative period, the utilisation rates for NIV vary 
enormously among different acute care hospitals, even 
within the same region. NIV is often underutilised in 
many hospitals. Sweet et al.,[42] in their 6-year review 
of patients who had acute respiratory failure, noted 
that of all the patients who met the criteria for a trial of 
NIV, only 34% received it and the remaining 66% were 
intubated instead. The perceived reasons for lower 
utilisation rates include lack of physician knowledge, 
insufficient respiratory therapist training and 
inadequate equipment. Maheshwari et al.[43] suggest 
that educational programmes directed at individual 
institutions may be useful to enhance and optimise 
utilisation rates. In a telephonic survey on the practice of 
NIV in the postoperative period among 60 French ICUs, 
it was reported that 69% of the respondents used NIV as 
the first choice for the treatment of acute postoperative 
respiratory failure and 54% for the treatment of acute 
postoperative atelectasis.[44] In a study by Carlucci 
et al. [45] on the incidence of use and effectiveness of 
NIV in clinical practice, when 42 ICUs were surveyed 
over a 3-week period, it was found that NIV was 
attempted as the first-line therapy for acute respiratory 
failure in only 16% patients. In a questionnaire survey 
on the practice patterns of NIV use in India, Chawla 
et al.[46] reported that NIV was used almost exclusively 
in the ICU setting and COPD was the most common 
reason for initiating NIV in clinical practice. While 
it is not clear how many postoperative patients were 
reported by the respondents, NIV was not commonly 
used for post extubation respiratory failure. There were 
wide variations in the site of its use, patterns of use, 

protocols followed and even monitoring of patients on 
NIV and nearly 30% of Indian clinicians reportedly do 
not perform baseline blood gas measurements before 
initiating NIV.[46]

MODES OF NON-INVASIVE VENTILATION

For providing NIV, most clinicians prefer using a 
standard, portable non-invasive machine. These 
machines mostly deliver pressures during expiration 
(end expiratory positive airway pressure [EPAP]) and/
or at inspiration (inspiratory positive airway pressure 
[IPAP]). When EPAP is applied alone, it is referred 
to as CPAP mode and when both EPAP and IPAP are 
applied together, it is referred to as NPPV mode. Some 
machines have additional timed modes that can be 
used to ensure delivery of pressure support (PS) at 
prefixed time intervals. Ventilators used to ventilate 
intubated patients may also be used to deliver NIV 
and some of the newer invasive ventilators have 
facilities to provide NIV as well. Though most Indian 
physicians prefer using portable pressure ventilators 
for applying NIV, more recent users of NIV reportedly 
use conventional ventilators more often than their 
older colleagues.[46] If the older machines are used 
to provide NIV, they may constantly give ‘air-leak’ 
alarms as they are not designed to compensate for 
flow changes. This leak compensation mechanism, 
designed specifically on ventilators meant to 
provide NIV, basically consists of microprocessors 
in the ventilatory circuit which detect differences 
between inspiratory and expiratory tidal volumes 
over the initial breaths and then increase the peak 
inspiratory flow (without increasing inspiratory 
time), accordingly. If a conventional ventilator is 
used to provide NIV, the ASB (assisted spontaneous 
breathing) or the CPAP modes are commonly used. 
Here, the set CPAP and PS levels correspond to the 
EPAP and IPAP of the portable machine, respectively. 
It may be worthwhile remembering that the amount 
of PS set on the conventional ventilator delivers an 
additional PS above the set CPAP level, whereas the 
IPAP of the portable NIV machine is the pressure 
support inclusive of the EPAP that is set. Thus, pressure 
settings of 14 and 8 cm H2O on a portable machine, 
corresponds to 6 and 8 cm H2O when a conventional 
ventilator is used to deliver the same. If one wishes 
to deliver additional back up breaths to the patient, 
the synchronised intermittent mandatory ventilation 
(SIMV)-pressure control mode may be used. Here, the 
ventilation (or tidal volume) achieved in the patient is 
determined by the inspiratory pressure and PEEP set 
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Table 2: Monitoring of patients on NIV in the 
postoperative period

Subjective
Mask comfort
Tolerance of ventilator settings
Respiratory distress

Physical findings
Respiratory rate
Other vital signs
Accessory muscle use
Abdominal paradox

Ventilator parameters
Air leaking
Adequacy of PEEP
Adequacy of pressure support
Tidal volume achieved
Patient-ventilator synchrony 

Gas exchange
Continuous oximetry
ABGs, (baseline, 1-2 hours, as indicated)

Location
Usually ICU or respiratory care unit to start
Later, depends on monitoring needs of patient and capacities of 
unit

PEEP: Positive end-expiratory pressure; ABG: Arterial blood gas; ICU: Intensive care 
unit

for the mandatory breaths, and the PS and CPAP set 
for the spontaneous breaths. Thus, in order to deliver 
NIV, the minimum features required on a conventional 
ventilator are modalities to deliver ASB, i.e., CPAP 
with provision of an additional PS during inspiration.

INTERFACES

There are many interfaces available in the market 
today. While there is no evidence favouring the use 
of any one over the other,[47] oronasal masks are more 
commonly used than others, especially in Indian 
hospitals.[46] The other interfaces available are nasal 
masks, nasal pillows, full face masks and helmets. 
Holanda et al.[47] observed that while the full face mask 
avoided pain over the bridge of the nose and prevented 
air leaks around the eyes and mouth, they caused more 
oronasal dryness and claustrophobia. Kwok et al.[48] 
noted that in the dyspnoeic patient, nasal masks are 
less well tolerated than are oronasal masks. The most 
important factor to be taken into consideration while 
choosing the right mask is a good fit, patient comfort 
and mask tolerance. Thus, one may need to use several 
mask types and fits before choosing one most suited 
to an individual patient. It is advisable to gently allow 
the patient to get used to the mask by allowing him to 
hold the mask over his face and breathe into the mask 
against the positive pressure, till he feels comfortable. 
Then, it may be gently strapped onto his face. The 
monitoring parameters for adult patients on NIV for 
respiratory failure are as given in Table 2.[49]

GETTING STARTED

Trials of NIV in the postoperative period should always 
be provided in appropriately monitored locations. It is 
important to talk to the patient, explain the procedure 
and reassure the patient before initiating NIV. The 
patient must be propped up at least 30 degrees and 
have received adequate analgesia. It is advisable to 
begin with low PS as it usually takes a few minutes for 
the patient to accommodate to the pressure applied and 
synchronise his breathing with that of the machine. 
Once the patient starts to feel comfortable and 
breathing begins to improve, it is easier to gradually 
increase the PS and apply the straps onto the patient. 
The end points of the PSs applied must be always 
individualised till there is improvement in symptoms, 
reduced respiratory rates and good synchrony. An 
arterial blood gas should be obtained by 1 to 2 hours to 
verify clinical improvements. Normally, an inspiratory 
trigger	of	1	to	2	l/min	or	−1	to	−2	cm	of	H2O is applied, 

with moderate to maximal slope. EPAP levels of 4 cm 
and IPAP of 8 cm of H2O (4 cm above EPAP) are 
normally used at initiation. These may be gradually 
increased by increments of 1 to 2 cm till a maximum 
EPAP of 10 and IPAP of 25 cm of H2O. If higher 
pressures are required, it may be necessary to change 
the interface, adjust mask fit or even consider the need 
for possible intubation and invasive ventilation. The 
expiratory trigger is generally fixed at 0.8 to 1 seconds 
or between 40 to 60% of the peak flow rate.

NON-INVASIVE VENTILATION FAILURE

While there is a clear role for the use of NIV in the 
postoperative period, it is important to carefully 
monitor these patients and recognise those who are not 
responding adequately. One may need to consider other 
factors like leaks in circuit, poor mask fit, inadequate 
trigger levels, etc., which may be readjusted for better 
results. Table 3 gives the recommendations of the 
British Thoracic Society Standards of Care Committee 
for trouble shooting in cases of non-improvement of 
patients on NIV.[50] However, if respiratory distress 
persists despite these measures, one may need to 
abandon the trial of NIV and consider intubation and 
mechanical ventilation instead. Two Indian studies 
which analysed outcome predictors for NIV failure 
used for post extubation respiratory failure found that 
the arterial oxygen pressure /fractional inspired oxygen 
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(Pao2/Fio2) ratio and baseline parameter such as heart 
rate and respiratory rates at the time of initiation of NIV 
were indicative of the likelihood of success or failure 
after NIV use.[51,52] Wallet et al.[53] reported that the 
factors associated with NIV failure used in the treatment 
of postoperative acute respiratory insufficiency were 
a decrease in the paO2/FiO2 ratio after 1 hour of NIV 
use, development of nosocomial pneumonia and an 
increased simplified acute physiology score (SAPS) II 
score. Other studies from the ICU have reported that 
increased severity of the underlying illness, high acute 
physiology and chronic health evaluation (APACHE) II 
scores, presence of multiple organ dysfunctions, acute 
lung injury (ALI) or acute respiratory distress syndrome 
(ARDS), community-acquired pneumonia and shock 

have predicted failure of NIV therapy when used for 
the management of acute respiratory failure.[54]

It is as important to recognise when to call off NIV 
therapy as it is to identify when to use it. A delay in 
intubation in these patients results in worse outcomes 
and higher mortality. In patients failing extubation after 
requiring mechanical ventilation longer than 48 hours, 
there have been conflicting reports of their benefits. In 
fact, Keenan et al.[55] showed no difference in rates of 
reintubation and mortality when NIV was compared 
with standard therapy. Esteban et al.[56] reported that 
NIV did not reduce rates of reintubation and in fact 
delayed the time to reintubation in patients developing 
respiratory failure, resulting in increased mortality.

CONCLUSION

In conclusion, the NIV has exciting new applications in 
the postoperative field today. This is no truer than in 
the ‘at-risk’ patient undergoing major thoracoabdominal 
surgery. In the past decade, the NIV has proven to be an 
effective alternative to invasive ventilation in the setting 
of moderate and severe acute postoperative respiratory 
failure. The use of NIV has not only reduced intubation 
rates with the attendant complications associated 
with mechanical ventilation, but has also reduced 
morbidity, length of hospital stay and mortality in these 
patients. This translates to huge benefits in costs of 
treatment too, especially in a country like ours where 
resources are limited and costs of therapy play a major 
role in deciding treatment options. NIV can be useful 
in peripheral setups and at primary level hospitals in 
our country if adequate paramedical staff and nurses 
are trained in the use, applications and monitoring. As 
with any other new therapeutic modality, to optimally 
apply NIV, a learning curve is necessary, and centres 
documenting their experience report better outcomes 
over time despite treating increasingly sicker patients.[57] 
Such centres are believed to achieve better outcomes 
as a result of a superior approach to patient selection, 
as well as to NIV application, titration and weaning. 
If the contraindications to the use of NIV are carefully 
ruled out and if used judiciously, under closed 
monitoring in selected patients, the NIV can be a very 
useful tool in the ever-increasing armamentarium of the 
anaesthesiologist.

LITERATURE SEARCH

The author searched PubMed and Ovid MEDLINE, 
without date restrictions. Search terms included Non-

Table 3: Recommendations of the British Thoracic Society 
Standards of Care Committee for treatment failure in  

non-invasive ventilation
Is treatment of the underlying condition optimal?

•  Check what medical treatment has been prescribed and that it 
has been given

• Consider physiotherapy for sputum retention
Have any complications developed?

• Consider pneumothorax or aspiration pneumonia
If PaCO2 remains elevated:

• Is the patient receiving too much oxygen?
Adjust FiO2 to maintain SpO2 between 85 and 90%

• Is there excessive leakage?
Check mask fit
If using a nasal mask, consider a chin strap or a full face mask

• Is the circuit set up correctly?
Check that connections have been made correctly
Check the circuit for leaks

• Is rebreathing occurring?
Check patency of expiratory valve (if fitted)
Consider increasing expiratory positive airway pressure (if 
receiving bilevel pressure support)

•  Is the patient’s breathing synchronised with the ventilator?
Observe patient
Adjust rate or inspiration–expiration ratio (with assist/control 
mode)
Check inspiratory trigger (if adjustable)
Check expiratory trigger (if adjustable)
Consider increasing expiratory positive airway pressure (with 
bilevel pressure support in chronic obstructive pulmonary 
disease)

• Is ventilation inadequate?
Observe chest expansion
Increase target pressure or volume
Consider increasing inspiratory time
Consider increasing respiratory rate (to increase minute 
ventilation)
Consider a different mode of ventilation or ventilator, if available

If PaCO2 improves but PaO2 remains low
Increase FiO2

 Consider increasing expiratory positive airway pressure (with 
bilevel pressure support)
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invasive ventilation, postoperative and respiratory 
failure. Foreign literature was included, though only 
articles with English translation were used.
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