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INTRODUCTION 
 
As anaesthetists, we are interested in the pre-operative assessment of patients 
with a view of predicting those at risk for post-operative complications. This 
enables us to be more informed with patient selection, it allows us to optimise 
patients with a view to mitigate this risk, thereby preventing post-operative 
morbidity and mortality and also to plan the post-operative course for the patient 
in order for the patient to receive their care in an appropriate setting. 
Furthermore, it enables a more accurate and detailed preoperative discussion 
with the patient, thereby providing a milieu where adequate informed consent 
may be taken. An excellent example of this is the risk assessment of patients 
for perioperative myocardial injury: the so-called ‘cardiac patient for non-cardiac 
surgery’ risk assessment. In this setting, there are well-defined pathways and 
tools that enable us to establish this risk and also clear, objective endpoints that 
aid us in determining the ultimate outcome.  
 
When it comes to post-operative pulmonary complications (PPCs), this 
assessment is less clear and the multitude of sometimes insidious endpoints 
make clear definitions and guidelines more challenging. PPC is a broad term 
that covers almost any respiratory complication arising in the postoperative 
period. While we frequently focus on cardiac risk, these complications in fact 
occur more commonly, they also have major adverse effects on patient well-
being and outcome and unfortunately seem much more of a challenge to 
predict.  
 
This article aims to review the literature in order to define PPCs as the relate to 
non-cardiothoracic surgery, determine their pathogenesis and identify risks and 
possible screening tools to aid us as anaesthetists to better predict them.(1) 
 

Definition and Impact 
 
One of the difficulties in studying these complications has been the multitude of 
definitions as to what conditions form the constellation of postoperative 
pulmonary complications. In an attempt to bring about standardisation, a 
European joint taskforce in 2015 sought to define PPCs as a composite 
outcome measure as part of the European Perioperative Clinical Outcome 
(EPCO) definitions. They defined PPCs as consisting of one or more of: 

 Respiratory infection 

 Respiratory failure 

 Atelectasis 

 Pneumothorax 

 Pleural effusion 

 Aspiration pneumonitis 

 Bronchospasm 
The group also went on to define ARDS, pneumonia and pulmonary embolus 
as individual outcome measures, which they considered to be outside the realm 
of PPCs. (1, 2) 
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This composite outcome of postoperative outcome has since been widely used, 
but a new working group (the StEP-COMPAC Group) published a systematic 
review and new consensus definition in the British Journal of Anaesthesia in 
2018. Their concerns around the EPCO definition revolved around a lack of 
equivalence of component outcomes and the varied biological outcomes 
included in the definition. This group proposed a new definition, focusing on the 
mechanism of the complication, and also usefully includes a measure of 
severity. The definition, sensibly, is a composite of respiratory diagnoses that 
share a pathogenic origin, which includes an element of lung collapse and/or 
airway contamination. Specifically, they exclude diseases that do not share this 
aetiologic basis, such as pulmonary embolus, pleural effusion, cardiogenic 
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pulmonary oedema, pneumothorax and bronchospasm. Simply put, the 
definition includes: 

 Atelectasis – Chest X-Ray or CT diagnosis 

 Pneumonia – US CDC criteria 

 Acute Respiratory Distress Syndrome – Berlin definition 

 Pulmonary Aspiration – Clear clinical history with radiologic evidence 
The severity is divided into mild, moderate and severe: 

 Mild – FiO2 requirement less than 0.6 

 Moderate – FiO2 requirement 0.6 or more 

 Severe – Unplanned use of NIV or mechanical ventilation requiring 
intubation. (3) 

 
The quoted incidence of PPCs following major surgery varies widely in the 
literature, from under 1% to 23% owing largely to the, until recently, lack of 
standardisation of the definition. Following high-risk procedures such as 
abdominal and major vascular surgery, the risk of pulmonary complications 
may be as high as 40% and far exceed cardiac complications.(1, 4)  
 
There are significant ramifications in terms of patient mortality in the short, 
medium and long term for those affected by PPCs. What is also apparent is 
that pulmonary complications may more accurately predict long-term mortality 
than perioperative cardiac complications. Following major surgery, 30-day 
mortality, depending on the definition of the complication, may range from 14-
30% as opposed to 0.2-3% in those without PPCs. Increasing severity of PPCs 
is also associated with increasing mortality, which may explain the wide 
variation in 30-day mortalities in this group. This effect continues into 90-day 
mortality with quoted figures being 24.4% vs. 1.2%, while 1-year and 5-year are 
also significantly elevated. (1, 4) 
 
Apart from the mortality implications, there is also significant morbidity 
associated with postoperative pulmonary complications, notably from 
increased length of hospital stay due to increased requirement for admission to 
higher dependency units, with the possible requirement for re-intubation and 
ventilatory support in cases of respiratory failure. (1, 4) The cost burden that is 
associated with a PPC is significant, with one Canadian study showing that 
postoperative pneumonia increases the cost of an admission by 41%, with 
respiratory failure increasing this to 47%, largely due to an increased duration 
of admission. (1) Consequently, the ability to better predict such complications 
represents an area where large healthcare cost savings may be made through 
improved patient selection and mitigation of risk factors resulting in the 
prevention of complications. 

Pathophysiology 

Intraoperative Considerations 
 
From the moment of loss of consciousness at the onset of general anaesthesia, 
there is a loss of central respiratory drive frequently accompanied by a period 
of apnoea. Following this, spontaneous ventilation may begin again, however 
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in the anaesthetised state there will be a reduction in minute ventilation. There 
is a reduced central responsiveness to hypercapnia and hypoxia, and 
consequently, a hypercapnic state is the norm unless ventilation is assisted. 
Induction of anaesthesia may reduce lung volumes in several different ways, 
namely, increased spine curvature, cephalad displacement of the diaphragm, 
airway obstruction and a reduced cross sectional area of the chest wall to name 
a few. The ultimate effect of this is a 15-20% lower functional residual capacity 
(FRC) compared to unanaesthetised subjects in the supine position. (5) 
 
Alongside reduced FRC due to the supine position and anaesthesia, the 
application of positive pressure ventilation creates an abnormal regional 
distribution of ventilation resulting in ventilation and perfusion (V/Q) 
mismatching. Although overall V/Q ratios generally remain fairly normal, there 
will be an increase in areas of both high and low V/Q ratios resulting in 
increased dead space and shunt respectively. (5) 
 
What is however, more worrisome is that with declining lung volumes under 
anaesthesia, proportionately larger areas of atelectasis occur. The risk of this 
is further increased with the use of neuromuscular blocking agents, with one 
study reporting that some degree of atelectasis is present in 75% of patients 
receiving intraoperative neuromuscular blockade.  
 
Atelectasis is an almost universal phenomenon in patients undergoing general 
anaesthesia and there are several factors contributing to it. These include: 
direct compression of lung tissue by the diaphragm and adjacent abdominal 
organs, airway closure when lowered FRC is below the closing capacity of the 
peripheral airways as well as the rapid absorption of alveolar gases in these 
narrowed or closed airways. This later point is especially prominent in cases 
where high FiO2 is used, with the development of ‘absorption atelectasis’. One 
study found that the degree of atelectasis (shown by CT) immediately following 
induction of anaesthesia was proportional to the inspired fraction of O2 used as 
pre-oxygenation, where 1.0 produced 5,6% atelectasis, 0.8 produced 1.3% and 
0.6 produced 0.2%. (5-7) 
 
While the respiratory changes that occur under general anaesthesia are 
common to almost all cases, there are fortunately usually no issues beyond a 
few hours following emergence. What is clear, however, is that in the 
susceptible individual, they form a pathogenic basis to pulmonary complications 
developing into the postoperative period. 
 

 

Postoperative Considerations: Recovery/PACU 
 
Hypoxia in the recovery unit is very common and has been included in the 
definition of PPCs by several studies. There are multiple well-recognised 
causes for this not limited to: airway obstruction, sedative effects of residual 
drugs or elevated CO2, residual effects of neuromuscular blocking agents (as 
pharyngeal dysfunction may still be evident at train-of-four ratios of 0.9) and 
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multifactorial impairment of ventilatory response to hypercapnia and hypoxia. 
(8, 9) 
 
The reduced FRC and oxygenation that occur under general anaesthesia are 
known to resolve within a few hours following the completion of minor 
operations. However, following major surgery, this is unfortunately not the case 
and atelectasis may persist well into the postoperative period. This has been 
shown by studies looking at CT evidence of atelectasis at 20 minutes, 1 hour 
and 24 hours post extubation, where it was found in patients undergoing open 
inguinal hernia repair and open cholecystectomy, up to 90% had significant 
radiologic features of it after 1 hour, and it was still present in 50% of patients 
at 24 hours. Other studies have used indirect measures to diagnose atelectasis 
by identifying substantially elevated alveolar-to-arterial oxygenation gradients 
(showing increased venous admixture/shunt fraction) over 1 hour post surgery. 
(10-12) 
 
The effects of residual neuromuscular blocking agents (NMBAs) may also 
contribute to persisting atelectasis. Currently, inadequate reversal of NMBAs is 
defined as a train-of-four ration of <0.9. Any residual effect of the drug will 
significantly impair forced lung manoeuvres such as forced vital capacity (FVC) 
and peak expiratory flow rates (PEFR). Furthermore, it will also affect 
inspiratory manoeuvres, but to an even greater extent, as they are more 
sensitive to the effects of NMBAs. One such manoeuvre is the forced inspiratory 
volume in 1 second (FIV1), the manoeuvre required for lung re-expansion, 
which requires recovery of TOF-ratio to >0.95 to regain effectiveness. (13) 
 

Postoperative Considerations: Beyond the Recovery Unit 
 
Effort-dependent lung function tests such as FVC, FEV1 and PEFR are all 
significantly reduced following major surgery. This comes as a result of 
impaired normal activity of multiple respiratory muscle groups, including 
abdominal muscles and airway muscles. This is more complex than simple 
muscle weakness and also includes dysfunctional coordination between 
muscle groups with failure of normal physiologic reflexes and higher control 
mechanisms. The postulated causes for this include residual effects of 
anaesthetic agents and NMBAs, opioid treatment continuing into the 
postoperative period, pain, disturbed sleep patterns as well as inflammatory 
responses to surgery. This effect may persist up to 10 weeks post-surgery and 
certainly contributes to ongoing atelectasis and respiratory dysfunction. (14, 15) 
 
Consequently, resolution of atelectasis as evidenced by a normalised A-a 
gradient may take several days and episodes of hypoxia are common. 
Following upper abdominal surgery, the effect is particularly prolonged and 
pronounced, where one study found that in these cases, FRC is at its lowest 
value at around 1-2 days post-surgery and may only reach normal values by 
day 5-7. Another study found that at day 3 post-non-thoracic surgery 57% 
patients of a 944 patient sample had radiologic features of atelectasis while 
there was no association with fever, highlighting the difficulty in identifying this 
PPC in the absence of radiologic investigations or blood gas analysis. (16-18) 
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Risk Factors for Postoperative Pulmonary Complications 
 
There are multiple factors, both preoperative and intraoperative that may 
contribute or alert the anaesthetist to the risk of postoperative pulmonary 
complications. A particularly useful review article by Miskovic and Lumb, 
divided these into: Patient factors, procedure-related factors, and factors found 
on laboratory testing or special investigations. These may further be considered 
in the context of non-modifiable and modifiable risk factors, which promotes a 
focus on patient optimisation prior to surgery. The list of published factors can 
be found in the table below, but only the risk factors that have been shown to 
be reproducible with strong evidence will be discussed in further detail. (1) 
 
 

Non-Modifiable Risk Factors 
 

Age 
 
Increasing age is associated with multiple comorbidities, especially those 
involving cardio-respiratory systems, so it is sensible to suspect that increasing 
age will be associated with an increase in PPCs. With advancing age, there are 
also significant physiologic changes that ultimately lead to a reduction in lung 
volumes and reduced efficiency in gas exchange. Total lung capacity (TLC) 
reduces approximately 10% between the ages of 20-70, due to increased 
thoracic rigidity and kyphosis, with reduced chest wall expansion, thereby 
reducing vital capacity and maximal breathing capacity. The lung parenchymal 
changes are similar to those of emphysema, with a reduced number of 
functional alveoli, reduced alveolar surface area and also reduced elastic recoil 
which has  
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an effect of increasing the ratio of FRC to TLC. Although FRC increases with 
age, due to the loss of radial traction of terminal bronchioles, the lung volumes 
at which small airways tend to collapse (closing capacity) tends to rise to above 
FRC at ages over 45 in the supine position and at ages over 65 in the standing 
position. This has the effect of creating areas of atelectasis and contributes to 
V/Q mismatch. The ultimate effect of this is a gradual reduction in PaO2 with 
age that occurs at a rate that is proportional to age. Consequently, and 
predictably, there is a large amount of evidence showing that even when 
adjusted for comorbidity and degree of frailty, advancing age, especially over 
60 years, is predictive of respiratory complications. Above 60, the risk increases 
further the older the patient. Between the ages of 60-69 the OR for a PPC is 
2.1 (1.7-2.9) and between 70 and 79 the OR is 3.1 (2.1-4.4) when compared to 
patients under the age of 60. In patients over 80, when compared to those less 
than 50 years old, the OR is 5.1 (1.9-13.3). (19-22) 
 

Surgery Factors 
 
Certain types of surgery will naturally predispose to the onset of PPCs. 
Arozullah et al. found that compared to a collective category of ‘lower risk’ 
surgeries, namely ENT, lower abdominal, urological, spinal and peripheral 
vascular procedures, the incidence of pneumonia in particular is increased 
following: 

 Abdominal aortic aneurism repair (OR 4.29) 

 Thoracic surgery (OR 3.92) 
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 Upper abdominal surgery (OR 2.69) 

 Neck procedures (OR 2.36) 

 Neurosurgery (OR 2.14) 

 Major vascular surgery (OR 1.29)  (23) 
 
This concurs with multiple other studies noting that abdominal procedures and 
major vascular surgery confers significantly increased risk for PPC. The site of 
the abdominal incision and surgery matters as well; laparotomy with an upper 
abdominal incision has 15 times the pulmonary complications that those with 
lower abdominal incisions in the postoperative period. (19, 24) 
 
Another factor relating to surgery that may increase risk is whether the 
operation is elective or an emergency procedure. Multiple studies report 
significant increase in risk in emergency procedures in the region of 2-6 times 
that of elective cases. Reoperation during the same admission also significantly 
increases the risk. While in itself a modifiable factor, a laparoscopic approach 
a significant protective benefit in both upper and lower abdominal procedures, 
possibly related to a reduced surgical stress response, earlier mobilisation and 
improved postoperative analgesia. (20, 23-26) 
 

Preoperative Investigations as Risk Predictors 

Spirometry 
Traditionally the use of spirometry and arterial blood gas analysis in selected 
patients has been considered useful to predict risk of PPCs. There is certainly 
consensus that spirometry is a useful tool in preoperative assessment of 
patients planned for lung resection, however its value in the case of extra-
thoracic surgery remains unproven. A systematic review by Fisher et al. in 2002 
found that in 4 studies looking at the predictive value of spirometry, it was found 
that reduced spirometry values were not independently predictive of 
postoperative pulmonary complications.  (27) 
 
A subsequent 2006 systematic review by Smetana et al. had similar findings. 
While they did suggest that spirometry may assist in identifying those at 
increased risk for PPCs in cases were FEV1/FVC was less than 50% and where 
FEV1 was less than 60% predicted values, they conceded that the data 
regarding this was mixed. They also reported that while there certainly is value 
in spirometry as a diagnostic tool in obstructive and restrictive lung disease, 
this does not necessarily translate to useful risk prediction in patients 
undergoing non-cardiothoracic surgery. Importantly, what also seems to be 
clear is that there is no evidence to suggest that spirometric data in severe 
chronic lung disease is superior to history taking and clinical examination in 
assessing patient risk, which further calls into question its usefulness as a risk 
prediction tool. (22) 
 
A reasonable approach to the perioperative use of spirometry may include the 
following indications: The evaluation of the dyspnoeic patient where the cause 
is not clearly apparent and in patients known to have chronic obstructive 
pulmonary disease or asthma where it may be required their level of 
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optimisation prior to surgery. Consequently the indiscriminative use of 
spirometry as a preoperative predictive tool is discouraged in recent NICE 
guidance unless the patient has known or suspected respiratory disease and is 
classified ASA 3 or 4. (28) 
 

Arterial Blood Gas Analysis 
The same systematic review by Fisher et al. found that 3 studies looked at the 
predictive value of hypercapnia on arterial blood gas analysis and found that it 
too was not a useful predictive marker. Similarly, NICE guidance has the same 
recommendations for the preoperative use of arterial blood gas as spirometry. 
(27, 28) 
 

Chest Radiography 
The chest x-ray is a frequently ordered investigation in the preoperative setting, 
frequently just on the basis of institutional guidelines alone. There is conflicting 
evidence on the predictive value of an abnormal chest x-ray for postoperative 
pulmonary complications. McAllister et al. found that patients with an abnormal 
x-ray did not correlate with increased rates of PPCs, while Lawrence et al. 
showed that an abnormal preoperative x-ray increased the risk of PPCs (OR 
3.2). Even if an x-ray is abnormal, the evidence states that only 1.3% of all 
chest radiographs show unexpected abnormalities, meaning that thorough 
clinical assessment predicts an abnormal chest x-ray and is just as good at 
identifying those at risk; this is acknowledged by the authors. Furthermore, 
even with advanced knowledge of an abnormal x-ray, the radiograph itself very 
rarely has any impact on planned management of the patient (around 3%). (22, 
29, 30) 
 
From this one may conclude that clinicians are likely to predict most abnormal 
preoperative chest radiographs using thorough clinical assessment and the 
investigation only very rarely produces unexpected information and if found, 
this almost never influences perioperative management. As such, the value of 
this test in predicting perioperative pulmonary complications is small. 

Preoperative Supine SpO2 
Low preoperative oxygen saturation has been found to be a significant 
independent risk for postoperative pulmonary complications. The assessment 
of this is done with the patient in the supine position with the subject breathing 
room air. It has been found that having saturations between 91-95% confers a 
2 times increased risk of PPCs when compared with patients with saturations 
of 96% or higher. The risk increases when supine saturations are 90% or lower, 
which confers a 10-fold higher risk of complications. As opposed to other 
prediction variables, this test is clear useful as, in addition to having been 
externally validated as part of subsequent PPC prediction models, it is a cheap 
and straightforward test to carry out. (20, 31, 32) 
 

Modifiable Risk Factors 
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Co-Morbidity 
Co-morbidity is modifiable in the sense that many of the diseases associated 
with PPCs may be optimised prior to surgery in an effort to mitigate increased 
risk. And it has been found that higher ASA status; chronic lung disease, 
congestive heart failure and anaemia have all been shown to confer increased 
risk. 
 

ASA Status 
The American Society of Anesthesiologists’ classification was originally 
designed to predict perioperative mortality but has subsequently been shown 
to be a predictive variable in post-operative pulmonary complications, with a 
higher ASA class being associated with a substantial increase in risk. A 
systematic review found that ASA 2 or higher carried increased risk of PPCs 
compared to ASA 1 (OR 4.87) while ASA 3 or higher carried increased risk 
compared to a composite of ASA 1 and 2 (OR 2.55). (22) 
 

Chronic Lung Disease 
Of the chronic respiratory conditions, there is only sufficient evidence to draw 
conclusions on the preoperative presence of chronic obstructive airways 
disease (COAD). It is also associated with increased tracheal re-intubation after 
surgery and an increase in perioperative morbidity and mortality. If there is 
scope to optimise the patient in the preoperative period, this has been shown 
to confer benefit. One systematic review showing a previous diagnosis of the 
condition (with current clinical findings or not) increases risk of PPCs with an 
OR of 1.79. Furthermore, one study found that in the case of COAD, abnormal 
findings on chest examination were the strongest predictor of postoperative 
pulmonary complication rates with an odds ration of 5.8. These abnormal 
findings were defined as prolonged expiratory time, rales, wheezes or rhonchi 
as well as decreased breath sounds. Consequently it is well advised that 
elective surgery is delayed until patients are optimally treated with 
bronchodilator therapy and/or oral agents. Furthermore, anaesthetic technique 
may also aid the improvement of patient outcomes by optimising intraoperative 
ventilatory techniques and avoiding invasive postoperative ventilation. Utilising 
an anaesthetic approach that avoids general anaesthesia or supplements 
analgesia, such as regional or neuraxial approaches has also been shown to 
be beneficial to patients at risk of PPCs. (4, 22, 29)  
 

Recent Respiratory Tract Infection 
In should also be noted that lower or upper respiratory tract infection in the 
preceding month also increases risk of postoperative pulmonary complications 
and surgery should preferably be delayed if possible. Even after recovery of an 
upper or lower respiratory tract infection, reactive airways may produce 
intraoperative and postoperative pulmonary complications. Patients that have 
normal SpO2, are apyrexial, have no chest signs and have clear nasal 
secretions are likely to have no increased risk. (4) 
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Congestive Heart Failure 
A systematic review found from 3 risk factor studies that heart failure is a 
significant risk factor in the onset of PPCs with an OR of 2.93. It is sensible that 
every effort is made to optimise such patients in the perioperative period to 
improve functional status. (1, 22) 
 

Obesity 
It is well known that obesity results in restrictive pulmonary pathophysiology, 
notably with reduced FRC with increased atelectasis. Anaesthesia and surgery 
are also likely to further reduce these volumes as well and will further limit the 
ability to take adequate breath volumes in the postoperative period. It would 
therefore be a natural assumption that obesity would present as a significant 
risk factor for postoperative pulmonary complications. Surprisingly, there is in 
fact evidence that there is no increase of ‘clinically meaningful’ postoperative 
pulmonary complications, even in patients with morbid obesity. Multiple studies 
have reported similar postoperative pulmonary complication rates in obese and 
non-obese patients alike. Furthermore, even among obese patients, those with 
much greater obesity do not appear to have increased risk with on study of 
obese patients undergoing gastric bypass surgery, PPCs occurred in 10% of 
patients with a BMI of less than 43 and 12% in those with a BMI of greater than 
43, a statistically insignificant margin. (22) 
 

Anaemia 
Preoperative anaemia, with a Hb of less than 10g/dl has been shown to confer 
a 3-fold increase in the risk for PPCs. There is also some evidence showing 
autologous and allogenic blood transfusion may also increase the risk of post-
operative complications. It is therefore advised to optimise the Hb 
preoperatively using other means, such as (where clinically appropriate) iron 
therapy, folate and B12. Erythropoietin may also be considered but it must be 
borne in mind that it carries complications of increased venous 
thromboembolism and hypertension as well. (1, 20, 23) 
 

Smoking 
 
Smoking is implicated in creating and accelerating a number of respiratory 
diseases as well as promoting hypertension and coronary artery disease. 
Smoking patients are known to have more reactive airways and are at 
increased risk of respiratory deterioration in the postoperative period. It has 
been shown that never-smokers are less likely to get PPCs than ex-smokers 
and current smokers have an increased risk that correlates with increasing 
pack-years of smoking history. Compared to non-smokers, current smokers 
with a 20-40 pack-year history have an increased risk of OR 1.20m those with 
40-60 pack-years have even higher risk (OR 1.57), while the highest risk is in 
those with greater than 60 pack years (OR 1.82).  
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The reasons for this increased risk are multifactorial. 

 FEV1 falls at a rate 3 times as fast as in the non-smoking population, 

 Closing volume rises, thereby promoting small airway collapse and 
atelectasis. 

 Carbon monoxide binds to haemoglobin (Hb) and may increase to 10%; 
reducing the Hb available for oxygen transport. 

 Left shift of the O2-Hb dissociation curve reduces unloading of oxygen 
at the tissue level. 

 Polycythaemia may worsen flow and tissue perfusion and contribute to 
thromboembolic events. 

 
Smoking cessation before major surgery has been shown to reduce 
postoperative complications, including PPCs and it seems that longer periods 
of cessation preoperatively has an increasing benefit in reducing risk. The 
benefits of stoking smoking do not appear immediately, with clearance of 
carbon monoxide occurring first, within the first 24 hours. Following this, airway 
irritability reduces after 10 days but sputum accumulation may actually increase 
until restoration of mucociliary clearance mechanisms occurs after around 2 
months. Concerns around increased sputum accumulation creating an 
increased risk of PPCs during this period have however, been refuted in the 
evidence.  Smoking cessation greater than 4 weeks has been shown to reduce 
PPCs by 23% while this reduction increases to 47% with preoperative cessation 
periods greater than 8 weeks. (1, 4, 22, 33) 
 
 

Anaesthetic Approach 
 

General Anaesthesia 
Choice of anaesthetic approach has a significant bearing on the development 
of PPCs. As stated, the pathogenesis of postoperative pulmonary 
complications stems largely through the development of atelectasis, the risk for 
which occurs due to physiologic changes under general anaesthesia (GA). The 
evidence shows clearly that the incidence of such complications increases 
when general anaesthesia is performed in preference to a regional or neuraxial 
technique. A confounder to this is that surgeries that are known to be high risk 
for PPCs do not necessarily lend themselves to neuraxial or regional 
approaches. However, even for the same procedure being undertaken, the 
evidence shows that general anaesthesia is an independent risk factor for 
PPCs. 
 
A 2014 Cochrane review by Guay et al. showed a significant reduction in 
postoperative pneumonia (RR 0.45) in patients undergoing regional 
anaesthesia as opposed to GA. Furthermore a large study involving over 200 
000 patients undergoing non-cardiac surgery showed that GA was associated 
with an increased risk of PPCs (OR 1,56) when compared with regional 
techniques. (23, 34) 
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The duration of anaesthesia is obviously largely dependent on surgical 
duration, but an increased duration of anaesthesia, especially beyond 2 hours, 
increases patient risk to develop complications. This risk increases as 
anaesthetic time lengthens; the OR increases from 4.9 for cases going over 2 
hours to 9.7 in cases going beyond 3 hours. It is worthwhile noting that this risk 
associated with time-factor is largely out of our hands, but perhaps a sensible 
approach is to minimise operating time by having a senior surgeon performing 
the procedure in cases where already high risk of PPCs exists. (20, 30) 
 

Analgesia 
In the event of GA being unavoidable, it has been found that the addition of 
neuraxial blockade such as epidural as part of an analgesia plan is beneficial 
in reducing risk of postoperative pulmonary complications, especially 
pneumonia, alongside other cardiovascular and gastrointestinal complications 
when compared with opioid-based approaches. Epidural, in particular, has 
been shown to improve postoperative respiratory function, and reduces rates 
of postoperative pneumonia and unplanned reintubation. This benefit is 
especially prominent in patients with a background of COAD having undergone 
major abdominal surgery, most likely arising from improved analgesia and 
reduced requirement of opioids. (35-37) 
 

Neuromuscular Blocking Agents 
A link between the use of neuromuscular blocking agents (NMBAs) with 
postoperative respiratory dysfunction and increased mortality has long been 
known. The first evidence of this was from a 1954 audit of over 600 000 post-
surgical patients, where they found that the odds of a patient who had received 
intraoperative curare dying was 1:350, as opposed to the 1:2100 amongst 
those who had not receive curare. Importantly, around 67% of deaths in these 
patients had some form of respiratory component. The advent of newer 
intermediate and short-acting agents, reliable reversal agents and quantitative 
monitoring techniques mean that this association is much less in the modern 
era. However, with the use of intermediate-acting agents, we do see a dose-
dependent increase in the incidence of PPCs, although where adequate 
monitoring of the drug-reversal process occurs, the association is less strong. 
(38, 39) 
 
Pharmacokinetic profiles of NMBAs, especially intermediate-acting agents 
suggest that they should have minimal clinical effect a few hours after 
emergence. However, what we see is that PPCs occur more frequently for 
several days in patients that have received NMBAs. There is worsened 
intraoperative atelectasis in patients that have received paralytic agents, which 
is hence more difficult to re-expand in the recovery period. Furthermore, in such 
patients, there may be micro-aspiration of pharyngeal or gastric secretions as 
well as inadequate clearance of secretions especially around the time of 
extubation and early in recovery, which may contribute to complications further 
down the postoperative road. (39) 
 
In terms of reversal of neuromuscular blockade, it is sensible to suggest that it 
be done with a train-of-four (TOF) monitoring device. Our teaching tells us that 
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a TOF-ratio of greater than 0.9 is regarded as sufficient reversal, however what 
is becoming apparent is that there is residual evidence of pharyngeal 
dysfunction at this level of reversal, which may contribute to airway obstruction 
and micro-aspiration post-extubation. It has also been shown that a higher ratio 
target of 0.95 is required to achieve adequate forced-inspiratory manoeuvres 
that are necessary to re-inflate atelectatic areas of lungs. (9, 13)  
 
Indiscriminate use of reversal agent should also be avoided. Neostigmine, 
given inappropriately may actually increase risk of PPCs. Excess acetylcholine 
at the neuromuscular junction is known to contribute to muscle weakness, 
resulting particularly in genioglossis dysfunction and pharyngeal muscle 
incoordination. This agent should therefore be used with care, and if required, 
with the use of neuromuscular monitoring. Sugammadex, as we know, has 
become increasingly popular in the reversing of steroidal NMBAs; its use with 
this topic in mind and in our environment where we use rocuronium as our 
primary paralytic agent is particularly attractive. Depending on the dose used 
and the timing of administration, it will reliably and completely reverse 
rocuronium neuromuscular blockade without subjecting the patient to the risks 
of excess acetylcholine. There is a paucity of evidence for us to say 
categorically that its use will reduce PPCs, but a small, randomised controlled 
trial did find this to be the case and its value in this regard is promising. (15, 40) 
 

Intraoperative Ventilatory Strategy 
 
The adoption of mechanical ventilation plays a large role in the development of 
postoperative pulmonary complications, and efforts to reduce the impacts of 
ventilation are potentially very valuable. Ventilator-induced lung injury is an 
important entity, even outside of the critical care setting (ICU) during shorter 
periods of ventilation. This is especially the case in patients who are at an 
elevated risk of postoperative pulmonary complications. Consequently, lung-
protective ventilator strategies arising from the mortality benefits seen during 
ARDS-management in the ICU have started to make a significant impact on the 
way we ventilate our patients in the operating theatre, notably in an effort to 
reduce components of ergotrauma that contribute to postoperative pulmonary 
complications. In order to do this successfully in theatre, we need to consider 
how we ventilate patients in terms of tidal volume, airway pressure applied 
(reducing stretch and shear injury), positive end-expiratory pressure (PEEP) as 
well as lung recruitment manoeuvres.  
 
Atelectrauma occurs when alveolar units are cyclically opened and closed and 
is promoted in areas of atelectasis, which are increased in the anaesthetised 
state for reasons already stated. Low or zero PEEP may contribute to the 
development of atelectrauma, but it must be noted that throughout the lungs, 
with regional differences in volume and varying amounts of compressive effects 
from adjacent structures, the effects of PEEP will differ. The effect of this will 
be areas of over distension and some areas of ongoing collapse. Furthermore, 
PEEP alone is insufficient to re-inflate (recruit) collapsed/atelectatic lungs and 
there are many described recruitment techniques to open the lung with the 
application of appropriate levels of PEEP to prevent re-collapse. 
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Similarly, in such an event, or in patients with damaged lungs, the ventilatory 
driving pressure may be applied to a relatively small number of functional 
alveolar units, resulting in over distension. This means that even though the 
total tidal volume may be normal, the functional alveolar units may be taking on 
too much of the volume burden, placing them at risk of volutrauma. With this in 
mind, consideration of driving pressure may be a way of determining adequate 
tidal volume to the amount of lung that can ‘reasonably be expected to expand’. 
Driving pressure is a concept that can be viewed as a ratio of tidal volume to 
the static pulmonary compliance (or plateau pressure minus PEEP), and it has 
been shown (when it is rising) to predict mortality better than compliance or tidal 
volumes alone in ARDS. It has also been shown to be associated with PPCs in 
patients undergoing surgery. 
 
Consequently, an approach involving lung-protective strategies, namely low 
tidal volumes, adequate utilisation of PEEP and lung recruitment may have a 
role in the operating theatre.  
 
An overall picture of the benefit of lung-protective strategies was assessed by 
Futier et al. in the Intraoperative Protective Ventilation Trial (IMPROVE). Here 
patients undergoing major open or laparoscopic abdominal surgery were 
randomised to a composite lung protective strategy involving 6-8ml/kg tidal 
volume, 6-8cmH2O of PEEP and recruitment manoeuvres or non-protective 
strategy involving 10-12ml/kg tidal volume, no PEEP and no recruitment at all. 
They found a 69% reduction in the probability of a major pulmonary or 
extrapulmonary event with the use of lung protective measures and a relative 
risk for PPCs in the protective arm of 0.29. This is encouraging evidence, 
however there are multiple variables differing between the groups, leading one 
to question where the benefit is derived from – the low tidal volumes or the 
application of (some) PEEP. (41) 
 

Low Tidal Volumes 
In previous years, the approach to ventilation included a high tidal volume (10-
15ml/kg) in an effort to reduce atelectasis. There is now strong evidence that 
using this intraoperative strategy leads to alveolar overdistension and acute 
lung injury as well as extrapulmonary adverse effects due to cytokine release 
leading to current favouring of lung protective strategies. This trend toward 
lower volumes is borne out by good evidence, with a 2015 meta-analysis 
looking at 15 randomised controlled trials that included 2127 patients and found 
significantly reduced PPCs with tidal volumes less than 8ml/kg compared to 
greater than 8ml/kg regardless of amount of PEEP used. (1, 4, 42) 
 

Moderate to High Positive End-Expiratory Pressure 
Several meta-analysis have shown reduced PPCs with low tidal volumes and 
moderate PEEP, these obviously agree with the findings of Futier et al. as noted 
above and Severgnini et al. who designed a similar study with a standard 
ventilatory arm of 9ml/kg tidal volume, zero PEEP and no recruitment and 
protective arm including 7ml/kg tidal volume, PEEP of 10cmH2O with 
recruitment manoeuvres. They found in the protective group a reduced amount 
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of atelectasis on chest x-ray, improved FEV1 and FVC, improved arterial 
oxygenation and improved clinical pulmonary infection scores. Furthermore, 
Ladha et al. in a retrospective review of 64000 patients undergoing non-cardiac 
surgery, found that 0 PEEP is harmful and that a PEEP of 5 with plateau 
pressures of 16cmH2O was protective against the development of PPCs 
However, recently, the LAS VEGAS trial failed to find any association between 
PEEP and PPCs. (1, 4, 20, 43) 
 

High Positive End-Expiratory Pressure 
Literature regarding this topic regards high PEEP as levels greater than 
10cmH2O. PROVHILO, a large RCT, examined the role of intraoperative high 
PEEP (12cmH2O) plus recruitment manoeuvres in patients receiving low TV 
ventilation vs. no PEEP with low TV ventilation and no recruitment. They found 
no difference in outcome between the two groups (40% and 39% rates of PPCs 
respectively) although the PEEP group had significantly more cardiovascular 
instability that required fluid and vasopressor therapy. This showed than no 
PEEP or high levels of PEEP confer not protective benefit against PPCs so it 
seems sensible to conclude that a ‘moderate’ amount of PEEP is protective, 
although the exact amount within this narrow range may be difficult to 
determine. (44) 
 
 

Other Preventative Measures 
 

‘Prehabilitation’ and Physiotherapy 
 
There is evidence supporting the use of intensive preoperative pulmonary 
conditioning, in the form of inspiratory muscle training (IMT) for those at risk of 
PPCs, particularly those with underlying respiratory comorbidity. This therapy 
was already known to improve dyspnoea as well as exercise capacity amongst 
patients with COAD and other chronic lung conditions in the non-operative 
setting, so it is likely that this improved functional status may translate to 
improved postoperative outcomes in similar patients coming for major surgery. 
A systematic review of 12 trials found that IMT reduced postoperative 
pulmonary complications and hospital length of stay in patients undergoing 
cardiac and abdominal surgeries, but not, however, in arthroplasties. In a more 
recent randomised controlled trial, where patients were blinded to IMT, or 
placebo ‘sham training’, it was found that there was a significant reduction in 
PPC in the IMT group (RR 0.48). Its value was further supported by a 2015 
Cochrane review, which concluded there was a reduction in atelectasis and 
pneumonia with IMT after cardiac and major abdominal surgery. It must be 
noted, however, that this therapy is intensive, time-consuming and expensive 
and may be difficult to implement, so should be reserved for those patients at 
greatest risk for postoperative pulmonary complications. (1, 45, 46) 
 
In the postoperative setting, it has been found that incentive spirometry alone 
is not beneficial following cardiac, thoracic and abdominal surgery. However, 
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when used in combination with early mobilisation and oral hygiene, chest 
physiotherapy interventions may be of benefit. (47, 48) 
 

Postoperative Non-Invasive Ventilation 
 
Continuous positive airway pressure (CPAP) or other forms of non-invasive 
ventilation would appear to be sensible choices in those patients deemed high 
risk for respiratory failure in the postoperative setting. In spite of this the 
evidence behind its value as a form of prophylaxis against PPCs is inconclusive 
in the non-cardiac surgery population, while in post-cardiac-surgery patients 
there are benefits in terms of reintubation rates, pneumonia and length of stay. 
Its exact role and where its benefit lies beyond this setting are still being 
investigated. (4, 49) 
 
A 2014 Cochrane review looking at 10 studies over 26 years found that there 
was insufficient evidence to confirm the benefits of CPAP in reducing major 
respiratory complications and mortality following major abdominal surgery. A 
more recent RCT, however, found that CPAP in patients with features of 
respiratory failure following abdominal surgery reduced reintubation rates in the 
postoperative setting. (4, 50) 
 
High-flow humidified nasal oxygenation has also been shown to be non-inferior 
to CPAP in post-cardiothoracic surgery patients with respiratory failure in 
reducing rates of reintubation. Its apparent equivalent effectiveness is 
encouraging as this therapy is better tolerated by patients and may therefore 
be a more durable option in the confused patient. Its use however, as a means 
of prophylaxis for PPCs is yet to be determined. (4) 
 

Risk Prediction Models 
 
So with all this in mind, how do we put it all together to accurately risk stratify 
our patients in the preoperative setting? Risk prediction models generally use 
multivariate analysis of retrospective data in order to identify and weight risk 
factors against a measured outcome. Important factors, with a score attached 
to their weighting are used to enable one to generate a total risk score, which 
may aid in the risk stratification process. They may be very valuable tools in 
that they enable us to identify patients at high risk for complications, which will 
further enable a truly more informed consent-taking process. Further they aid 
us identifying areas of potential optimisation or perhaps different surgical 
approaches. Over the last 10 years, there have been a number of attempts at 
generating risk-statifying tools for postoperative pulmonary complications, none 
are perfect, and almost all suffer from the fact that they are generated using 
retrospective data, many focus on a single primary end-point (as opposed to a 
composite measure of multiple PPC components) and many neglect to include 
intraoperative risk factors as well. Only one score retains sufficient predictive 
power in external validation, the ARISCAT score. 
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ARISCAT Score 
 
The Assess Respiratory Risk in Surgical Patients in Catalonia (ARISCAT) 
group used multivariate regression analysis from data of 2464 patients 
undergoing surgery in Catalonia, Spain. The defined outcome was a composite 
of any postoperative pulmonary complication. The study group identified 7 
significant and remarkably easy to identify risk factors, namely: 
 

 Low preoperative supine O2 saturation 

 Recent respiratory infection (upper or lower) in the preceding month. 

 Age 

 Preoperative anaemia 

 Intra-thoracic or upper abdominal surgery 

 Surgical duration over 2 hours 

 Emergency surgery 
 
The weighted scores, when added, would enable the subject to be placed in 1 
of 3 risk categories: 
 

 <26 – 1.3% rate of PPC 

 26 – 44 – 13.3% rate of PPC 

 >44 – 42.1% rate of PPC 
 

 
 
The validity of this score was subsequently assessed by the Prospective 
Evaluation of a Risk Score for Postoperative Pulmonary Complications in 
Europe (PERISCOPE) group. Here 5099 patients, undergoing major surgery 
throughout Europe (largely away from the score development setting) were 
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given a preoperative ARISCAT score, and then followed up postoperatively for 
the onset of any pulmonary complications. This study essentially externally 
validated ARISCAT with good overall discrimination (Area Under ROC 0.80). It 
is worth noting that when divided into Western and Eastern Europe, the score 
performed differently, with Western Europe showing even better discrimination 
(Area Under ROC 0.89) while in Eastern Europe the scores performance was 
moderate (Area Under ROC 0.76). This implies that there is geographical 
variability in ARISCAT’s accuracy in prediction and recalibration of the 
individual variable’s weighting may be required, especially when considering 
our distinct setting in South Africa. (31, 32) 
 
In spite of not knowing this score’s applicability in our setting, it remains an 
attractive one for us to use. It is easy to implement, it is inexpensively applied 
and it relies on variables that are readily accessible in the preoperative setting. 
In the absence of any validated tool in our setting, its use should be strongly 
considered when assessing postoperative risk. 
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CONCLUSION 
 
Postoperative pulmonary complications are important to consider in most, if not 
all patients under our care in the perioperative period. They are common, and 
the consequences, in terms of increased morbidity and mortality are significant 
alongside the added burden they place on our health system. An approach that 
aims to mitigate risk is necessary; this can be done by stratifying patients 
according to risk using the ARISCAT score, and then by adopting measures to 
improve factors that we know contribute to the development of PPCs. 
 
A sensible approach may be as follows: 
 
Preoperative 

 Use ARISCAT to identify at-risk patients 

 Multidisciplinary involvement for high risk patients 
o Inspiratory muscle training 

 Optimisation of chronic disease 
o Reversible airways disease 
o Congestive heart failure 
o Preoperative anaemia 

 Smoking cessation (preferably 4-8 weeks preoperatively) 

 Postpone patients with RTIs for 4 weeks where possible 
 
Intraoperatively 

 Limit surgical duration <3 hours 

 Consider minimally invasive/laparoscopic techniques 

 Avoid high FiO2, even around intubation/extubation 

 Utilise regional/neuraxial technique where possible 
o Avoid GA 
o Part of opioid-sparing analgesia approach 

 Lung protective ventilatory strategy 

 Avoid NMBAs 

 Utilise neuromuscular monitoring to guide reversal 
 
Postoperatively 

 Multimodal, effective analgesia limiting opioid usage 

 Consider non-invasive ventilatory support in high risk patients 

 Physiotherapy / oral care / early mobilisation may be of benefit. 
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