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ABSTRACT

All types of surgeries inevitably cause some sort of respiratory
alterations. Postoperative pulmonary complications increase
hospital stay, morbidity and mortality and are still significant
problems in clinical practice. Nowadays, non-invasive ventilation
is in common use and one of its uses is to prevent postopera-
tive pulmonary complications. Thoracic and abdominal surgeries
have high risks for pulmonary complications. Thus, we aimed to
present a systematic review to analyze the results of prophy-
lactic non-invasive ventilation use after abdominal and thoracic
surgeries.
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OZET

Tim cerrahi girisimler kacinilmaz olarak bazi solunumsal degi-
sikliklere sebep olur. Postoperatif akciger komplikasyonlari has-
tanede kalim slresi, mortalite ve morbiditeyi arttirirlar ve hala
énemli klinik pratik sorunlardir. Buglinlerde, non-invazif venti-
lasyon kullanimi siktir ve bir kullanimi da postoperatif akciger
komplikasyonlari énlemektir. Toraks ve karin cerrahileri akciger
komplikasyonlari acisindan yliksek riske sahiptirler. Bunun icin,
karin ve toraks cerrahisinde koruyucu non-invazif ventilasyo-
nun sonuclarini incelemek icin bir sistematik derleme sunmayi
amacladik.
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Introduction

Definition of Non-invasive Ventilation (NIV)

In general terms, it is the way of giving mechanical re-
spiratory support to the patient without the support of
an artificial airway'. During NIV the protective mech-
anisms of upper airways are still active, and patients can
speak, eat and clear their secretions by themselves dur-
ing application.

The adventure of mechanical ventilation in clinical
practice substantially had started with non-invasive
method in 1900-1950s when so many polio pandem-
ics had broken out. “Iron lungs” which covered whole
body and generated “negative” pressure to assist venti-
lation saved lives although they were unpractical and
unwieldy for routine use. Unfortunately, the mortality
rate was still so high which necessitated discovering the
positive pressure ventilation support via artificial air-
ways in 1950s.

Initially, it was applied manually, however conse-
quently in a short span of time first generation posi-
tive pressure ventilators were already fabricated. NIV
or non-invasive positive pressure ventilation (NPPV,
a synonym for NIV) using “positive” pressure became
a major issue again in 1980s when nasal continuous
positive airway pressure (CPAP) was used in the treat-
ment of sleep apnea. In 1990s, it was also used in the
treatment of chronic obstructive lung disease, conges-
tive heart failure and other conditions associated with
respiratory insufficiency. Until now, NIV lost nothing
from its popularity in clinical practice.
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Clinical Use of NIV

NIV does not require the use of an artificially created
airway like an intubation tube or tracheotomy cannula;
however an interface connecting the patient to the sup-
portive device is needed. A nasal, oro-nasal, full face or
helmet mask can be used for this purpose. Any of the
masks has its unique advantages and disadvantages,
however obviously all require patient compliance during
application. NIV support can be provided by a standard
positive pressure ventilator, a specialized bilevel positive

airway pressure (BiPAP) machine or a CPAP device?’.

CPAP and BiPAP are two main NIV techniques.
CPAP delivers a constant positive pressure during both
inspiration and expiration, so there is not a separate in-
spiratory support; that means it improves oxygenation;
however its efficacy on ventilation and work of breath-
ingis limited*>. On the other hand, BiPAP delivers two
different pressure levels during inspiration and expira-
tion. It helps both oxygenation and ventilation because
it gives additional inspiratory support decreasing the
work of breathing®’.

Air leak is another important consideration during
NIV application. Certainly, it depends on tightly fitting
of the mask as well as patient’s facial characteristics®. Air
leaks lead to the loss of patient-ventilator synchroni-
zation which causes difficult and ineffective applica-
tions’. Ordinary intensive care ventilators are also used
for NIV, however they don’t provide a good synchro-
ny if they don’t have a leak compensation algorithm®.
Besides, NIV ventilators have the ability of generating
high flows and reducing patient-ventilator asynchrony,
are improved over time and better than many intensive
care ventilators for compensating air leaks’.

Although NIV is used in a wide variety of clinical situ-
ations in intensive care and emergency units, clinical
trials and meta-analysis recommend its use in only four
clinical situations with grade 1A evidence':

1. Severe exacerbation of chronic obstructive lung
disease.

2. Cardiac edema and respiratory failure in the ab-
sence of shock or acute coronary syndrome requir-
ing acute coronary revascularization.

3. Facilitating extubation in chronic obstructive pul-
monary discase (COPD) patients that cannot be
weaned from the ventilator.

4. Acute respiratory failure in immune-compro-
mised patients.
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Obstructive sleep apnea is the most common breath-
ing disorder and compromises upper airway muscle
activity. Anesthetic drugs also compromise the same
activity and the situation is worse postoperatively for
patients having obstructive sleep apnea. NIV is a pref-
erable option for these patients peri-operatively, even
for a better wound healing because it provides a better
oxygenation'"'2,

Asthma exacerbations, hypoxemic respiratory failure,
extubation failure and post-operative respiratory fail-
ure are also among the clinical situations in which NIV
is used. Ferrer et al. demonstrated superiority of NIV
use in extubation failure patients compared to classical
weaning protocol®.

Certainly, there are contraindications and complica-
tions of NIV application. Severe hypoxemia or acide-
mia, multi organ failure, anatomical face problems,
severe agitation, copious secretion, uncontrolled vom-
iting, repetitive hemoptysis and hematemesis, upper
airway obstruction, encephalopathy, impaired con-
sciousness, apnea, cardiac arrest and patient’s refusal
of application are among contraindications. Thus, in
most instances NIV use is contraindicated in the situ-
ations which we cannot control the airway safety and
hemodynamic stability.

NIV is a quite safe and well tolerated technique for
appropriate patients in proper conditions and can be
used for short and long times. Adverse side effects usu-
ally are not so serious and they are mostly related to
the mask, or flow and pressure levels of the ventilator.
Some of the side effects related to mask use are discom-
fort, erythema on face, nasal ulceration and claustro-
phobia. Nasal congestion, ear pain, mouth/nose dry-
ness, cornea irritation and gastric distension are among
the complications related to flow and pressure. Besides;
air leak, aspiration pneumonia, hypotension, pneumo-
thorax are also among undesirable states. Clinicians
must be careful about abdominal distension in patients
having upper gastrointestinal anastomosis. Although
it is never a contraindication for NIV use, it is always
conflictive among anesthesiologists and surgeons.

Postoperative Pulmonary Gomplications (PPC)

All types of surgeries regardless of anesthesia choice
(general or regional) cause some sort of respiratory al-
terations. PPC can simply be defined as any pulmonary
abnormality observed in the postoperative period.
This issue should not be underestimated during daily



clinical practice because it increases the length of hos-

ital d th f morbidi d liey'
pital stay, and the rates of morbidity and mortality'.
Pneumonia, pneumothorax, pulmonary edema, pleu-
risy, aspiration, infection of airways, respiratory failure
can be listed among these complications some of which
rely on peri—operative atelectasis formation.

Atelectasis occurs in 90% of patients who are anesthe-
tized'®; meaning that even a trouble-free anesthesia and
surgery may not prevent atelectasis. Anesthesia leads
to atelectasis by reducing functional residual capacity
(FRC) which can be interpreted as resistance of lungs
against collapse. Depression of the respiratory center by
the used drugs, high FiO,, postoperative pain and direct
muscle injury related to surgical incision are probably
contributing factors'. Atelectasis and hypoventilation
are most frequent reasons of early postoperative hypox-
emia'’. Anesthetic drugs and neuromuscular blockers,
although are easily reversible, have residual effects in the
postoperative period, thus the risk of atelectasis also ex-
ists in the postoperative period’.

There are risk factors increasing the possibility of PPC
and, thus, postoperative respiratory failure. Anesthetic
factors along with surgical factors, type of surgery
(particularly thoracic and abdominal surgeries), de-
mographical factors (age, obesity, etc), and preexisting
hypoxemia or lung disease increase the risk of PPC.
Approximately 8—10% of patients need intubation and
mechanical ventilation after abdominal surgery'®. In a
multicenter prospective study conducted by Canet et
al., 5% of 2464 patients developed at least one PPCP.
In addition, cardiac (39.6%), thoracic (31.4%) and ab-
dominal surgeries (7.2%) were the most complicated
surgeries. Highest rates of 30th and 90th day postop-
erative mortalities and prolonged ventilation require-
ments were after abdominal surgeries and the length of
hospital stay was directly proportional with the num-
ber of complications. A comprehensive analysis of the
study findings revealed seven independent predictive
risk factors for PPC as lower preoperative arterial oxy-
gen saturation, acute airway infection in the preceding
month, age, preoperative anemia, upper abdominal or
thoracic surgery, surgery duration more than 2 hours
and emergency cases".

Besides a proper pain management, oxygen therapy
and early mobilization, there are several additional
strategies to prevent and treat atelectasis, postoperative
hypoxemia and PPC. One of them is PEEP use dur-
ing surgery. The medical literature consists of studies
suggesting that the use of a 10 cm H,O PEEP opens
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the collapsed alveoli®. Rusca et al. added 10 cm H,O
CPAP before induction and ensured insignificant at-
electasis, even with 10 minutes long 100% oxygen use
during induction®. Avoiding the use of high rates of
oxygen before and during anesthesia and during recov-
ery from anesthesia is another precaution to prevent
atelectasis, because recruitment maneuver used in the
management of atelectasis is ineffective in case where
100% oxygen is given for 10 minutes before extuba-
tion®”. Incentive spirometer and deep inspiration prac-
tice before and after surgery are also a way of prevent-
ing and treating peri-operative atelectasis. Thomas and
Mclntosh collected all studies about the effects of deep
breath exercise, incentive spirometer and intermittent
positive pressure breath on PPC, published from 1966
to 1992 in a meta-analysis™. They concluded that all
these maneuvers reduced the PPC rate in study groups
compared to control groups who were not treated with
any of the maneuvers. All of these maneuvers are in-
tended to increase lung volumes just as NIV; so why
don’t we use NIV for the same purpose?

The curiosity about the probable benefits of NIV gave
rise to studies dealing with the prophylactic and cura-
tive use of NIV postoperatively and intraoperative-
ly'%*. Tobias was the first to publish postoperative use
of NIV* He treated acute postoperative respiratory
failure associated with NIV in three children and three
adults.

Postoperative hypoxemia and acute respiratory failure
develop especially after thoracic and abdominal pro-
cedures. Although invasive mechanical ventilation is
the mainstay of treatment for acute respiratory failure,
some studies demonstrated relation between postop-
erative pulmonary mortality, and re-intubation and
mechanical ventilation®. NIV provides all benefits of
invasive mechanical ventilation and it reduces the risk
of airway complications and nosocomial pneumonia
at the same time. In addition, it reduces patient’s dis-
comfort and prevents airway resistance caused by the
intubation tube, and helps to ensure better commu-
nication with the patient®. In this point of view, first
precaution for the clinician is to prevent PPC; how-
ever, if it occurs unavoidably, the aim during manage-
ment is to avoid re-intubation. NIV seems to fit for
both purposes, thus is used for both prophylactically

and curatively’.

Jaber et al. showed that NIV is a safe and well tol-
erated method in their study of 72 patients who
had gastrointestinal surgery and respiratory failure
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postoperatively®. In this paper, we aimed to review the
prophylactic use of NIV in postoperative periods of

abdominal and thoracic surgeries.

Methods

We thoroughly searched Pubmed, Medline, and
Cochrane Library beginning from 1979 January to
2014 June and limited the search within “clinical tri-
als” and “randomized controlled trials” The search
terms “thoracic surgery”, “abdominal surgery”, “tho-
raco-abdominal surgery” were combined with any
of these: “non-invasive ventilation”, “non-invasive
positive pressure ventilation”, “non-invasive respira-
tory support’, “continuous positive airway pressure’,
“bilevel positive airway pressure”. The studies deal-
ing with just the preoperative or intra-operative NIV
use, including pediatric patients, cardiac and bariatric
surgeries, and in where NIV was applied as negative
pressure ventilation or for curative purposes were

excluded.

Results

Twelve studies consisting of a total of 858 patients met
the inclusion criteria for final analysis***. Table 1 sum-
marizes the included studies. Abdominal, thoracic and
thoraco-abdominal surgeries were included in eight,
two and two studies, respectively. NIV improved ar-
terial blood gases in eight and spirometer data in four
studies, and it decreased the rate of atelectasis in three
studies.

Abdominal Surgery

Periodic NIV use immediately after extubation and
continuing its use in postoperative period were associ-
ated with significantly higher oxygenation rates or fast-
er recovery of lung volumes?**"*2 In a study conducted
on 65 open laparoscopy operation patients, atelectasis
rate was compared to respiratory therapy including in-
centive spirometer or coughing and deep breathing®.

PPC and re-intubation rate were similar when com-
pared to conventional therapy, while arterial oxygen-
ation was improved after NIV use?”%.

On the contrary, Carlsson et al. did not find any favor-
able effect of NIV on arterial oxygenation or spirometer
measurements in comparison with the oxygen therapy?.
In addition, analogously NIV did not lead a shorter hos-
pital stay in 58 patients having abdominal surgery™.

Squadrone et al. used NIV for both prophylactic and
curative purposes in the same study®. They included
209 patients and 1% of patients (one patient) required
intubation in NIV group, while 10% (ten patients) were
re-intubated in the control group. The ICU stay and in-
fection rate were significantly lower in NIV, however the
length of hospital stay was not different.

Thoracic Surgery

Aqulio et al. investigated early effects of NIV after lung
surgery in comparison with the conventional treat-
ment. NIV improved arterial oxygenation after one-
hour application and this effect continued one more

Table 1. The summary of randomized controlled trials dealed with non-invasive ventilation

Source Surgery N Rate of Atelectasis Spirometric Data Arterial Blood Gas Intubation rate ~ Outcome
Stock et al. Elective abdominal surgery 65 Favour NIV Favour NIV ND ND ND
Anderes et al. Elective abdominal surgery 30 ND ND Favour NIV ND ND
Bohner et al. Elective abdominal surgery 204 ND ND Favour NIV Favour NIV ND
Carlsson et al. Cholecystectomy 24 No difference No difference No difference ND ND
Denehy et al. Elective abdominal surgery 58 ND No difference No difference ND No difference
Linder et al. Elective abdominal surgery 34 ND Favour NIV ND ND ND
Ricksten et al. Elective abdominal surgery 50 Favour NIV Favour NIV Favour NIV ND ND
Squadrone et al. Elective abdominal surgery 209 ND ND Favour NIV Favour NIV No difference
Aguilo et al. Elective lung resection 19 ND ND Favour NIV ND ND
Perrin et al. Elective lobectomy 39 No difference No difference Favour NIV ND ND
Fagevik et al. Thoracoabdominal surgery 70 ND No difference Favour NIV Favour NIV No difference
Kindgen—Milles et al. Elective thoraco-abdominal aneurysms 56 Favour NIV ND Favour NIV Favour NIV ND

ND: no data.
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hour after the cessation of the ventilator support and
carbon dioxide level and physiological dead space did
not change at that moment. The procedure was feasibly
tolerable and only one of the patients had considerable
pleural air leak?.

Perrin et al. applied prophylactic NIV in both preop-
erative and postoperative periods of the same patients
and compared it to oxygen therapy. They tested wheth-
er NIV ensures a better gas exchange and pulmonary
function after lung resection in patients with a forced
expiratory volume lower than 70% of predicted®. Gas
exchange and spirometer values were better and hospi-
tal stay was lower in NIV group.

Thoraco-abdominal Surgery

The need for re-intubation and prolonged mechanical
ventilation was significantly lower in prophylactic NIV
group when compared with the control group in a study
enrolling 70 patients in the postoperative period of re-
section for esophagus or cardia cancer; however gas ex-
change and lung volumes were similar in both groups®.

Kingden-Milles et al. compared prophylactic use
of continuous and intermittent NIV after thoraco-
abdominal aortic aneurysm repair and revealed that
oxygenation was better in continuous NIV group”.
Hospital stay and rate of PPC were significantly lower
in continuous NIV group.

Discussion

This paper reviews randomized controlled clinical tri-
als about prophylactic NIV application in postopera-
tive period of abdominal and thoracic surgery starting
from 1979 to 2014 June, so it is the most extensive re-
view in this sense.

PPCisstill an important issue because it is a bigburden
on the physical and psychological health of patients be-
sides its costs®®. NIV is not an old technique to treat
or prevent these complications; it has become popular
since 1990s. Many reviews actually suggest that pa-
tients with higher risks for postoperative respiratory
failure; including the individuals who are obese or af-
fected by lung diseases and those undergoing surgical
procedures at higher risk of PPC, and patients under-
going cardiac, thoracic or upper abdominal surgery;
would benefit from NIV mostly**-*. The risk of PPC
is highest in cardiac surgery, followed by thoracic and
abdominal surgeries'”. Bagoglu et al. reported %9-69
risk of PPC occurrence after upper abdominal surgery,
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and the rate did not decrease despite improvements in
anesthetics and surgical technologies through years*.

Hypoxia occurs in 30-50% of postoperative abdomi-
nal surgery patients, even after an uncomplicated sur-
gery and anesthesia, and 8-10% them need re-intuba-
tion and mechanical ventilation in the postoperative
care unit>'®. NIV, particularly in prophylactic use, can
be brilliant and miraculous. Besides, it is cheap, safe,
practical and well-tolerated by the patients.

To be honest, the medical literature lacks studies rec-
ommending the routine prophylactic use of NIV in the
postoperative periods of thoracic and abdominal op-
erations. However, the results of currently performed
studies seem to be mostly on NIV’s favor. They show
better findings of arterial blood gas and spirometer val-
ues, and atelectasis rate. Thus, NIV still has the chance
for being within the recommendations of practice
guidelines. However, we still do need more prospec-
tive studies with larger sample sizes in order to achieve
stronger evidence to recommend NIV’s routine use in
the postoperative period.

In addition, atelectasis rate was dependent on the ra-
diological findings in the previous studies and the clin-
ical outcomes were not thoroughly evaluated. Thus,
further prospective studies are needed to identity the
true rate of atelectasis and its clinical implication.

Some clinicians have concerns about using NIV in gas-
trointestinal surgery and mostly they think that NIV
may cause anastomosis leak. However, the literature
lacks any serious complication resulted from NIV.

In conclusion, prophylactic NIV use after thoracic or
abdominal surgery is still an untouched topic to be
studied on. It seems that it has the potential for use in
routine daily practice; however our hypothesis should
be tested with more prospective clinical studies.
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