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Acute Respiratory Failure
CHARLOTTE SUMMERS, ROB S. TODD*, GARY A. VERCRUYSSE*, and
FREDERICK A. MOORE*
Definition
Respiratory failure occurs when the lungs fail to oxygenate
the arterial blood adequately and/or fail to prevent carbon
dioxide retention. Although the definition does not contain
any absolute values, an arterial O2 of less than 60 mmHg
and an arterial CO2 of more than 50 mmHg are often
regarded as of consequence. However, values should be con-
sidered in the context of an individual patient.
Hypoxemic Respiratory Failure
There are four main causes of hypoxemic respiratory failure:
1. Hypoventilation
2. Diffusion impairment
3. Shunt
4. Ventilation-perfusion (V/Q) mismatch
Of these, V/Q mismatch is the most frequently encoun-
tered.1,2 Most of these abnormalities improve with supple-
mental oxygenation, except for a shunt. A “true shunt”
develops when portions of the lung are perfused in total
absence of ventilation. The most frequent causes of a shunt
in the postoperative patient are consolidated pneumonia,
lobar atelectasis, and the later phases of the acute respira-
tory distress syndrome (ARDS).3,4 Other causes of hypox-
emic respiratory failure in the postoperative population
include pulmonary edema, chronic obstructive pulmonary
disease (COPD), pneumothorax, pulmonary embolism, and
pulmonary hypertension.3
Hypercapnic Respiratory Failure
The four basic mechanisms underlying hypercapnic respira-
tory failure are:
1. Inability to sense increasing arterial CO2
(hypoventilation)

2. Increased CO2 production
3. Increased dead space
4. Decreased tidal volume
The common causes of each in the postoperative patient
are listed in Box 39.1.2,3,5
Acute Respiratory Failure in the
Perioperative Patient
Identification of risk factors for postoperative acute respira-
tory failure is helpful in that it identifies those patients who
may benefit from preoperative optimization and increased
postoperative vigilance. Many studies have been under-
taken to identify predictors of postoperative acute respira-
tory failure and other pulmonary complications. Nijbroek
et al. reviewed 21 different studies attempting to derive pre-
dictive scores and concluded that only the ARISCAT score
was adequately externally validated.6

The Assess Respiratory Risk in Surgical Patients in Cata-
lonia (ARISCAT) investigators conducted a prospective mul-
ticenter observational random-sample cohort study of 2464
patients undergoing non-obstetric procedures under gen-
eral, neuroaxial or regional anesthesia in southern Spain.7

The overall incidence of postoperative pulmonary complica-
tions (PPCs) was 5% and 30-day mortality was increased in
those who developed PPCs compared with those who did
not (19.5 versus 0.5%). Seven factors were found to be inde-
pendently predictive of the development of PPCs: low preop-
erative arterial oxygen saturations when breathing room air
and lying supine, acute respiratory infection associated with
a fever and the need for antibiotic therapy during the pre-
ceding month, age, preoperative anemia, upper abdominal
or intrathoracic surgery, a surgical duration longer than
two hours, and emergency surgery. The derived ARISCAT
score was able to classify patients as low (score <26), inter-
mediate (score 2–44) or high (score >45) risk for PPCs.
Although obesity and asthma did not emerge as indepen-
dent predictors, other studies have shown that preexisting
comorbidities are important contributors.8,9 However, their
importance may be lessened by preoperative optimization.

Subsequent investigators have validated the ARISCAT
score for predicting the risk of developing PPCs, including
a recent study of 1170 patients undergoing noncardiac sur-
gery, which showed that patients with intermediate and
high risk based on ARISCAT were found to have increased
risk of PPCs.10

Some factors can be optimized prior to undertaking
elective surgical procedures. Warner and coworkers docu-
mented that smoking cessation 8 weeks prior to elective
surgery led to a decreased incidence of postoperative acute
respiratory failure.11 Systematic review of the impact of
preoperative smoking interventions by the Cochrane
collaboration found that there was heterogeneity between
intensive and brief behavioral interventions, with signifi-
cant impact of intensive intervention on PPCs and wound
complications.12



Box 39.1 Common causes of type II respiratory
failure in postoperative patients.

Inability to Sense an Increasing PaCO2

▪ Anesthetic agents

▪ Benzodiazepines

▪ Narcotics

Increased CO2 Production

▪ Hypermetabolic states

▪ Fever

▪ Sepsis

▪ Multiple organ failure

▪ Burns

▪ Trauma

▪ Excessive carbohydrate intake

▪ Hyperthyroidism

Decreased Tidal Ventilation (VT)

▪ Post-traumatic flail chest

Increased Dead Space Ventilation (VD)

▪ Adult respiratory distress syndrome (ARDS)

Box 39.2 Risk factors for atelectasis.

▪ Very young age (infants and young children)

▪ Obesity

▪ Smoking

▪ Preexisting pulmonary disease

▪ Dehydration

▪ Anesthetic agents

▪ Mechanical ventilation

▪ Types of surgery

▪ Cardiopulmonary bypass surgery

▪ Thoracic surgery

▪ Upper abdominal surgery

▪ Midline incisions

▪ Prolonged anesthesia
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There are also data suggesting that the manner in which
both emergency and elective surgical patients are mechan-
ically ventilated during surgery can be associated with the
development of PPCs. Several studies have shown that for
patients receiving tidal volumes less than 8 mL/kg IBW
(ideal body weight), increased driving pressure or peak
inspiratory pressure are associated with increased develop-
ment of PPCs.13,14 These findings have also been repro-
duced in an individual patient meta-analysis of data from
2250 patients from 17 clinical trials.15

The association between intraoperative tidal volume and
PPCs is less straightforward, but a meta-analysis of 2127
patients from 15 studies suggested that low tidal volume
ventilation is associated with a decreased incidence of PPCs,
but has no impact on mortality of length of hospital stay.16

However, this finding was not reproduced in more recent
clinical studies.13,14

POSTOPERATIVE FACTORS

After surgery, all patients are at risk of acute respiratory fail-
ure. Some of the more common etiologies are atelectasis,
bronchospasm, pulmonary aspiration, anesthetic effects,
pulmonary edema, pulmonary embolism, and ARDS.

ATELECTASIS

The term atelectasis is derived from the Greek words ateles
and ektasis, which mean incomplete expansion. Atelectasis
is defined as alveolar collapse with reduced intrapulmonary
air. It is the most common PPC, with radiographic evidence
in up to 70% of patients undergoing a thoracotomy or a
celiotomy.17 If left untreated, it can result in pulmonary
gas exchange alterations leading to severe hypoxemia and
acute respiratory failure. The mechanisms leading to atelec-
tasis are multifactorial and include alterations in ventilatory
mechanics, changes in the mechanical properties of the tho-
racic wall, stagnation of bronchial secretions, and airway
obstruction.1

The alterations in ventilatory mechanics seen postopera-
tively include diminished vital capacity (VC), diminished VT,
increased respiratory rate, and diminished functional resid-
ual capacity (FRC), resulting in atelectasis. The primary
cause of these alterations is postoperative diaphragmatic
dysfunction.1,18 Stagnation of bronchial secretions is also
a mechanism leading to atelectasis. This problem is nor-
mally prevented by mucociliary clearance and coughing.
When these functions are inhibited, stagnation of bronchial
secretions occurs, and atelectasis can develop.1

Mucociliary clearance is significantly diminished during
mechanical ventilation.9 Coughing may be suppressed
secondary to mechanical ventilation, opioids, diaphrag-
matic dysfunction, pain, altered mental status, and air-
way obstruction. A final mechanism of atelectasis is
airway obstruction. In this case, atelectasis is either pas-
sive or absorptive. Passive atelectasis is secondary to
external or internal compression of a lung segment
(e.g., pneumothorax, hemothorax, abdominal distention).
Absorptive atelectasis occurs when the inhaled gas is rich
in oxygen and poor in nitrogen. In this instance, oxygen
diffuses rapidly into venous blood, leading to alveolar
collapse.9

Risk factors for atelectasis are shown in Box 39.2.1 The
type of surgical procedure performed has tremendous influ-
ence on the occurrence of postoperative atelectasis. Tho-
racic and upper abdominal surgeries pose a greater risk
for atelectasis than do other procedures. Several studies
have documented progressive deterioration of pulmonary
gas exchange during the course of thoracic and abdominal
surgeries.19,20 Likewise, cardiopulmonary bypass surgery
increases the risk of atelectasis more than other surgeries
(including noncardiac thoracic surgeries).21–23 In addition,
midline celiotomies have an increased risk of atelectasis rel-
ative to transverse or subcostal abdominal incisions.

Clinical Manifestations

Clinically, atelectasis ranges from asymptomatic to severe
hypoxemia and acute respiratory failure. The variability
in presentation depends on the rapidity of onset, the degree
of lung involvement, and the presence of an underlying pul-
monary infection. In the worst-case scenario with rapid
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onset, major airway collapse, and underlying infection, atel-
ectasis presents with sudden dyspnea, chest pain, cyanosis,
tachycardia, and an elevated temperature. On physical
examination, the patient often exhibits diminished chest
wall excursion, dullness to percussion, and diminished or
absent breath sounds. In the less severe presentations, ele-
vated temperature on the first postoperative day may be
the only manifestation of atelectasis.24

Diagnosis

The diagnosis of atelectasis is generally made from radio-
graphic findings of diminished lung volumes in the presence
of the aforementioned clinical manifestations. On chest
radiographs, findings indicative of atelectasis relate to vol-
ume loss and include displacement of the lobar fissure,
retracted ribs, an elevated hemidiaphragm, mediastinal or
tracheal deviation to the affected side, and over-inflation
of the unaffected lung. The exact radiographic findings
depend on which portion of the lung is involved and to what
degree, in addition to how the surrounding structures
compensate for the volume loss. On arterial blood gas
(ABG) analysis, significant atelectasis results in hypoxemia.
Atelectasis also may be identified by means of chest
computed tomography (CT) or lung ultrasound.1,24,25
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Fig. 39.1 Prevention and treatment algorithm for postoperative atelectasis.
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Treatment

For postoperative atelectasis, prevention is the key.26

Because tobacco use and underlying pulmonary disease pro-
cesses are predictors of postoperative atelectasis, preopera-
tive optimization is essential. Both smoking cessation and
improved bronchial toilet preoperatively should be encour-
aged. During anesthesia induction, the use of positive end-
expiratory pressure (PEEP) has been shown to be beneficial.
Rusca and coworkers documented significantly decreased
atelectasis and improved oxygenation by applying 6 cm
H2O of positive end expiratory pressure (PEEP) on induc-
tion.27 In addition to this, long-acting anesthetics and those
with significant post-anesthesia narcosis should be limited.1

During the postoperative period, a number of measures
can be taken to prevent atelectasis (Fig. 39.1). Control of
postoperative pain is critical. Insufficient analgesia results
in pleural and parietal pain, causing inadequate coughing
and expectoration. However, because narcotics depress
the cough reflex, excessive doses should be avoided.1,24,25

The traditional intermittent dosing of narcotics at 3- to
4-hour intervals is insufficient. The patient cycles from over-
dosing after administration (over-sedation with resultant
poor coughing and expectoration) to pain and anxiety
before receiving the next dose. This cyclical pattern may
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CPAP, Continuous positive airway pressure; FFB, flexible fiberoptic
irometry; PEEP, positive end-expiratory pressure.



Table 39.1 Risk factors for pulmonary aspiration.

Risk factor Clarification / Examples

Endotracheal intubation The cuff does not prevent
aspiration.

Decreased level of consciousness GCS<9, alcohol or drug
overdose/withdrawal,
excessive analgesics or
sedatives, chemical paralysis

Neuromuscular disease and
structural abnormalities of the
aerodigestive tract

Diabetic gastroparesis,
Parkinson’s disease,
scleroderma,
gastroesophageal reflux
disease, esophageal cancer

Recent cerebrovascular accident Within 4–6 weeks

Major intra-abdominal surgery Less than 5 days postoperatively

Persistently high gastric residual
volume (GRV)

GRV>500 mL

Prolonger supine positioning Spinal fractures

Persistent hyperglycemia Blood glucose >140 mg/dL

Modified from Metheny NA. Risk factors for aspiration. JPEN J Parenter Enteral
Nutr 2002;26(Suppl 6):S26-S31.
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be avoided by using patient-controlled analgesia (PCA).
Another alternative is neuroaxial or regional analgesia,
which is very effective. A meta-analysis supports the view
that postoperative atelectasis is decreased when patients
receive epidural opioids instead of systemic opioids.28

Just as pain control is critical, so is meticulous nursing
care. In non-intubated patients, several steps should be
taken to prevent atelectasis. Early ambulation and tech-
niques that encourage deep breathing are important.29–31

Incentive spirometry (IS) is the most widely used postop-
erative pulmonary therapy. Its purpose is to imitate the nat-
ural sighing or yawning that healthy individuals perform
regularly. The simplicity of IS and its lack of required person-
nel account for its popularity. A meta-analysis suggests that
IS, intermittent positive-pressure breathing (IPPB), and
chest physiotherapy are all equally efficacious in decreasing
PPCs after upper abdominal surgery.32 Chest physiotherapy
encompasses deep breathing and coughing, postural drain-
age, and chest percussion.
Continuous positive airway pressure (CPAP) can be used

as a last means in attempting to prevent intubation. In a
randomized controlled trial, Squadrone and colleagues
documented that CPAP decreases the incidence of PPCs
(including endotracheal intubation) in patients who develop
hypoxia after major elective abdominal surgery.33 If these
maneuvers are unsuccessful and the patient continues to
progress to acute respiratory failure, the patient should be
intubated and consideration given to whether a flexible
fiberoptic bronchoscopy may be of benefit.

ASPIRATION

Pulmonary aspiration of gastric contents is generally pre-
ventable with meticulous anesthesia technique and critical
care. Despite this, the incidence varies from 1 in every 3900
elective surgical cases to 1 in every 895 emergent surgical
cases. The number increases dramatically to 8% to 19%
during emergent intubations without anesthesia.1

Aspiration of gastric contents results in chemical pneumo-
nitis, which develops in four stages.1 Initially, the aspirate
causesmechanical obstructionof theairways,withdistal col-
lapse. Obstruction alters ventilatory mechanics, leading to
increased shunt, loss of FRC, and increased work of breath-
ing. In the second stage, chemical injury occurs in response
to the acidity of the aspirate. The pattern of injury includes
mucosal edema, bronchorrhea, and bronchoconstriction,
all resulting in an increased risk of bacterial infection. The
third stage in the pathophysiology of aspiration is the inflam-
matory response. The release of tumor necrosis factor, inter-
leukin 1, leukotrienes, and thromboxane A2 contribute to
mucosal edema and bronchoconstriction resulting in lung
inflammation. The final phase is progression to infection if
appropriate interventions are not performed. Risk factors
for pulmonary aspiration are shown in Table 39.1.34–36

Clinical Manifestations

Hypoxemia is the most consistent finding in aspiration. In
addition, patients present with increased temperature,
tachypnea, tachycardia or bradycardia, cyanosis, and
altered mental status. On physical examination, the pulmo-
nary findings include crackles, rales, and decreased breath
sounds. The extent of these manifestations depends on the
degree of aspiration.1,24
The outcome varies widely from asymptomatic to rapid
death.1 Fortunately, many patients improve rapidly within
several days without further treatment. A second subset of
patients improves initially and then deteriorates over the fol-
lowing 2 to 5 days. These patients develop increased tem-
perature, productive cough, and hypoxemia and progress
from aspiration pneumonitis to aspiration pneumonia.
The remaining patients do not improve from their initial
pneumonitis and progress to diffuse pulmonary infiltrates,
refractory hypoxemia, and ARDS.

Diagnosis

After a witnessed pulmonary aspiration, the diagnosis is
clear. However, in other situations, the diagnosis of aspira-
tion is based on the clinical symptoms and a high index of
suspicion. On laboratory evaluation, significant aspiration
results in hypoxemia and leukocytosis. Aspiration may also
be identified by means of chest radiography. There are no
pathognomonic radiologic features; however, infiltrates in
gravity-dependent lung regions are themost consistent find-
ing. The most common sites of infiltration are the superior
segment of the right lower lobe and the right middle lobe.
However, depending on the aspirate volume and the
patient’s position during aspiration, left and bi-lobar aspira-
tion is possible. Flexible fiberoptic bronchoscopy may also be
used for diagnosing aspiration.1,24

Treatment

As in atelectasis, prevention is the key. During the preoper-
ative assessment by the anesthesiologist, patients at risk of
aspiration need to be identified (Fig. 39.2). These include
patients requiring emergency procedures, patients with dia-
betes mellitus, and pregnant patients. In these instances, an
experienced anesthesiologist is required. If feasible, regional
anesthesia should be entertained. The American Society of
Anesthesiology have produced guidelines on the duration of
preoperative fasting required under various circumstances
(Table 39.2).37
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Fig. 39.2 Prevention and treatment algorithm for pulmonary aspiration. ARDS, Acute respiratory distress syndrome; BAL, bronchoalveolar lavage.

Table 39.2 Preoperative fasting recommendations of
American Society of Anesthesiologists.

Ingested material Minimum fasting period

Clear liquids (water, fruit juices
without pulp, carbonated
drinks, tea and coffee without
milk

2 hours

Breast milk 4 hours

Infant formula 6 hours

Non-human milk 6 hours

Light meal, e.g., toast and clear
fluids

6 hours

Fried foods, fatty foods or meat Additional fasting time (e.g. 8 or
more hours) may be needed

Adapted from Practice guidelines for preoperative fasting and the use of
pharmacologic agents to reduce the risk of pulmonary aspiration:
application to healthy patients undergoing elective procedures: an
updated report by the American Society of Anesthesiologists Task Force on
preoperative fasting and the use of pharmacologic agents to reduce the
risk of pulmonary aspiration. Anesthesiology 2017;127:376-393.
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After the surgical procedure, meticulous nursing care is
required.1 The head of the bed should be elevated to 30
degrees at a minimum; elevation to 45 degrees is better.
In addition, particular attention should be paid to oral
hygiene. Nasogastric and orogastric tubes should be moni-
tored closely because they may become displaced during the
course of hospitalization.

Gastric feeding is a major risk factor for pulmonary aspi-
ration and there appears to be no difference in risk between
nasogastric/orogastric tubes and small-bore feeding
tubes.38 To avoid this problem, many clinicians advocate
postpyloric feeding. However, randomized controlled trials
comparing gastric with postpyloric feeding have produced
conflicting results,39–45 possibly because most postpyloric
feeding tubes are too short to go beyond the ligament of
Treitz. When the tube is too short, enteral nutrition is
administered into the duodenum and there is a high inci-
dence of duodenogastric reflux in patients at risk for aspira-
tion.40 Heyland and coworkers documented an 80% rate of
reflux into the stomach, 25% into the esophagus, and 4%
into the lung when radioisotope-labeled enteral formulas
were fed through postpyloric feeding tubes in mechanically
ventilated patients in the intensive care unit.43 In post-
operative patients, Tournadre and colleagues demonstrated
gastroparesis and rapid uncoordinated duodenal contrac-
tions.46 These studies provide compelling evidence that duo-
denogastric reflux is present in postoperative and critically
ill patients. Thus, with regard to aspiration risk, feeding into
the duodenum is not significantly different from feeding into
the stomach in these patients. In addition to these findings,



Box 39.3 Risk factors for venous thromboem-
bolism in general surgical patients.

Patient-Related Factors

▪ Genetic predisposition

▪ Increasing age

▪ Cancer

▪ Previous venous thromboembolism

▪ Obesity

▪ Smoking

▪ Varicose veins

▪ Estrogen-containing oral contraception or hormone
replacement therapy

▪ Pregnancy

Type of Anesthesia

▪ General anesthesia

Postoperative Care

▪ Immobilization

▪ Central venous catheterization

▪ Fluid resuscitation

▪ Transfusion
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there appears to be no difference in the rate of pulmonary
aspiration between patients with nasogastric feeding tubes
and percutaneous endoscopic gastrostomy (PEG) tubes.47

Once the diagnosis of aspiration is entertained, the resul-
tant hypoxemia should be addressed. Supplemental oxy-
gen via a nasal cannula or a face mask should be
administered until the diagnosis is confirmed. In severe
cases, patients may require intubation and positive-
pressure mechanical ventilation. If tube feeding is ongoing,
it should be discontinued. Suctioning should be performed
to clear the upper airway of any residual aspirate. The role
of bronchoscopy is limited to the retrieval of large particu-
late matter. The acidic aspirate is neutralized by pulmo-
nary secretions within minutes of aspiration, therefore
bronchoscopy and saline lavage are not required for the
aspiration of nonparticulate matter. The use of empiric
antibiotic coverage is not supported by current literature;
however, if a subsequent aspiration pneumonia is identi-
fied, antibiotic coverage should be tailored according to
the microbiological findings. Not only are empiric antibi-
otics not indicated in aspiration but they often select for
resistant organisms.1
PULMONARY EMBOLISM

In 1856, Virchow described a triad of conditions associ-
ated with the development of venous thromboembolism
(VTE): vessel intimal injury, venous stasis, and hypercoa-
gulability.48 Today, VTE remains a significant source of
morbidity and mortality after surgical procedures. The
most common and clinically significant forms of VTE
are deep vein thrombosis (DVT) and pulmonary embolism
(PE).49 PE is the most common preventable source of hos-
pital mortality.50

Venous thromboembolic disorders vary in incidence
depending on the type of surgical procedure being per-
formed; the highest rates are reported in urologic and ortho-
pedic procedures.51 Studies prior to 1984 documented a
15%–30% rate of DVT and a 0.2%–0.9% rate of fatal PE
among general surgical patients not treated with VTE pro-
phylaxis.52–54 The current risk of DVT and PE in general
surgical procedures is unknown because trials devoid of pro-
phylaxis are no longer ethical. The combination of individ-
ual predisposing factors and the specific type of surgery
determine the risk of DVT and PE in surgical patients. Risk
factors are shown in Box 39.3.55–60

Clinical Manifestations

The clinicalmanifestations of pulmonary embolismare highly
variable. The majority of emboli are asymptomatic. In those
that are symptomatic, the most common complaint is dys-
pnea, which is sudden in onset. Additional findings include
rales, pleuritic chest pain, and hemoptysis. Patientswithmas-
sive pulmonary emboli often present with chest discomfort in
addition to anxiety and a sense of impending doom. In the
most severe form, massive embolic events involve complete
circulatorycollapse, characterizedbyshockand/orsyncope.10

The physical examination is often unremarkable, the most
common findings being tachypnea and tachycardia. Jugular
vein distention, a parasternal heave, a pulsatile liver, and a
loud S2 on cardiac can also be present.
Diagnosis

A high index of suspicion is critical for diagnosing a PE.
A detailed history should be obtained specifically inquiring
about a history of VTE, preexisting medical conditions, and
other risk factors. On blood gas analysis, most patients are
hypoxemic. On the electrocardiogram (ECG), the most com-
mon finding is sinus tachycardia. Other common abnormal-
ities are anterior precordial T wave inversion, S1Q3T3 and
precordial ST segment elevation.61 The chest radiograph is
generally non-diagnostic; however, a wedge-shaped infiltrate
(Hampton’s hump) should heighten suspicion of a PE. Addi-
tional findings can include a prominent pulmonary artery
with decreased peripheral pulmonary vasculature (Wester-
mark’s sign).61

Measuring circulating D-dimer levels as an aid in diagnos-
ing DVT and PE has been recommended, but the role of this
test remains uncertain in this setting. The main problem
with this test is that D-dimer levels are elevated in multiple
medical conditions, including routine recovery from opera-
tions. As such, the specificity and positive likelihood ratios
are of little clinical value in diagnosing DVT or PE. Despite
these limitations, if the D-dimer is not elevated, the patient
does not have a PE.

More definitive diagnostic tools for PE include ventilation-
perfusion (V/Q) scans and CT pulmonary angiography. The
Prospective Investigation of Pulmonary Embolism Diagnosis
(PIOPED) study reviewed V/Q scanning as a diagnostic
modality for PE.62 Seventy-five percent of V/Q scans are
in the indeterminate category. Thus, V/Q scanning alone
is insufficient to either confirm or exclude the diagnosis of
PE. The D-dimer test and Doppler ultrasound may be useful
adjuncts in this situation.63,64

Since the 1990s, CT scans have become a routine means
of diagnosing PE. Advantages of the CT scan include its
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rapidity, widespread availability, and non-invasiveness. In
2005, Hayashino and colleagues performed a meta-analysis
of the diagnostic performance of helical CT scanning in com-
parison to V/Q scanning in suspected PE.65 On the basis of a
summary receiver operating characteristic (ROC) analysis,
they determined that when the V/Q scan is normal or
near-normal, the CT scan is superior in the diagnosis of
PE. However, in situations of high probability, the V/Q scan
is equivalent to CT scan for diagnosing PE.

Prophylaxis

Because of the inherent risk of DVT and PE in postoperative
patients, numerous modalities have been developed for pro-
phylaxis. Prophylactic measures are categorized by mecha-
nism of action as pharmacologic or mechanical. The most
commonly used pharmacologic measure is low molecular
weight heparin (LMWH).66 In the past, low-dose unfractio-
nated heparin was the pharmacologic standard of care for
VTE prevention; however, a number of disadvantages have
made it unattractive as a prophylactic agent. These include,
but are not limited to, nonspecific binding, low bioavailabil-
ity, anticoagulant and dose-response variability, resistance,
and heparin-induced thrombocytopenia (HIT). LMWH
overcomes the majority of these limitations with the excep-
tion of HIT.67

Mechanical measures include thromboembolism-
deterrent stockings (TEDS) and intermittent pneumatic
compression (IPC) devices, such as venous foot pumps
(VFP) and sequential compression devices (SCD). In
1986, the National Institutes of Health Consensus Devel-
opment Conference on the Prevention of Venous Throm-
bosis and Pulmonary Embolism endorsed IPC devices as
an effective prophylactic measure68 and the American
Society of Hematology 2019 guidelines for Management
of Venous Thromboembolism: Prevention of venous
thromboembolism in surgical hospitalized patients clinical
guidelines69 recommended IPC devices over no prophylaxis
rather than TEDS. In addition to the efficacy of IPCs, there
are few associated complications. Only isolated case reports
of pressure necrosis, peroneal nerve palsy, and compart-
ment syndrome have been documented.70,71 Mechanical
measures should be considered in patients with a high
bleeding potential. In addition, they should be considered
in combination with chemical prophylaxis to improve effi-
cacy in high-risk patients.69

The mechanism of action of intermittent pneumatic com-
pression devices is twofold. The first is mechanical: the
devices increase the velocity of venous return and decrease
venous stasis. The secondmechanism is the systemic activa-
tion of the fibrinolytic system. Compression results in the
release of plasminogen activators, which are found in high
concentrations in the vaso vasorum.

In multiple trauma patients, when neither chemical nor
standard mechanical prophylaxis approaches are an option,
placement of an inferior vena cava (IVC) filter may be
considered.

Routine use of VTE prophylaxis is recommended for at-
risk surgical patients and the measures recommended vary
depending on the nature of the surgical procedure and the
bleeding versus thrombosis risk of individual patients.69
Treatment

Once the diagnosis of PE is seriously entertained, the treat-
ment is supportive. Treatment includes the administration
of oxygen, fluid resuscitation, and full anticoagulation.
For medical patients, rapid anticoagulation before the defin-
itive diagnosis is acceptable. However, this treatment strat-
egy should be avoided in the surgical population, where the
diagnostic uncertainty and bleeding potential are greater.
Quinlan and coworkers performed a meta-analysis of ran-
domized controlled trials comparing LMWH with intrave-
nous unfractionated heparin in the treatment of PE.72

This meta-analysis revealed that fixed-dose LMWH is as
effective and safe as intravenous unfractionated heparin
for the treatment of sub-massive PE. In this study, the rate
of bleeding, recurrent VTE, and mortality were not signifi-
cantly different between the two treatment arms. Other
modalities of PE treatment include thrombolytic therapy
and IVC filters and specialist opinions should be sought if
considered.
ACUTE RESPIRATORY DISTRESS SYNDROME

Acute respiratory distress syndrome is characterized by the
presence of refractory hypoxemic respiratory failure in the
presence of bilateral pulmonary infiltrates on chest radiogra-
phy. The diagnostic criteria were updated in the 2012 Berlin
criteria and it is now sub-classified into mild, moderate,
and severe depending on the degree of oxygenation deficit.73

Acute respiratory distress syndrome occurs in a bi-modal
distribution in the postoperative period, with early cases
occurring within 72 hours of the surgical procedure.
Surgical procedures, such as pulmonary thromboendarter-
ectomy, where pulmonary ischemia-reperfusion injury
occurs are associated with the development of ARDS within
72hours of the procedure. Similarly, procedures that involve
the use of cardiopulmonary bypass, where the bypass circuit
can induces a systemic inflammatory cascade, are also asso-
ciated with an increased risk of ARDS in the early postoper-
ative period.74

A second peak of acute respiratory distress syndrome in
the postoperative patient occurs somewhat later and is a
well-recognized postoperative pulmonary complication.
Only two-thirds of ARDS occurring after esophagectomy
surgery are within the first 72 hours.75 Interestingly, it
has been observed that patients undergoing Ivor Lewis eso-
phagectomy are more vulnerable to the development of
ARDS between 1 and 10 days after the procedures than
patients undergoing major pulmonary resection.76 The
reported rates of pneumonia are also lower after major pul-
monary resection than after Ivor Lewis esophagectomy. In
this study, the intra-surgical blood loss, duration of one-lung
ventilation, and the release of circulating biomarkers did not
seem to explain the different rates of postoperative ARDS.
The authors postulate that the site of the esophageal anas-
tomosis and the risk of anastomotic leak may be causative
factors, but this requires further study.

There is no licensed pharmacotherapy for ARDS
anywhere in the world, despite several decades of clinical
trials. The gold standard clinical management is supportive
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care with lung protective ventilation77 and conservative use
of intravenous fluids,78 and does not significantly differ for
the postoperative patient compared with ARDS from other
etiologies.
Principles of Management
The most common clinical presentation of all types of acute
respiratory failure is acute hypoxia.79 Early identification
and appropriate management are critical in limiting adverse
outcomes. In the non-intubated patient, evaluation includes
a physical examination, a review of recent events, an
inspection of any supplemental oxygen equipment, arterial
blood analysis, chest radiography, and an electrocardio-
gram (selectively). Following this, management should be
as indicated by the likely diagnosis.
In the intubated patient, the evaluation is more complex.

An algorithm for the approach to the hypoxic intubated
patient is found in Fig. 39.3.80 In this scenario, hypoxia is
defined as a 5% decrease in continuous pulse oximetry
(SpO2) or a 10% decrease in mixed venous oximetry
(SvO2). After identification of hypoxia, the supplemental
oxygen should be enhanced. The patient should be discon-
nected from the mechanical ventilator and hand venti-
lated. If there is a cuff leak, the tube should be repaired
or replaced. If there is difficulty bagging the patient, an
attempt at passing a suction catheter should be made.
Inability to do so confirms obstruction. If this cannot be
Pass a suction catheter Obstruction 

No obstruction Difficulty bagging the 
patient

Endotracheal tube cuff leak

ACUTE
HYPOXIC

EVENT

Correct mechanic

Inspect:
• O2 source
• Mechanical v
• Circuitry

• Enhance supplemental O2
• Disconnect patient from the 
  ventilator and hand ventilate

Repair/replace the tube

Interventions or proce

• A
• C
• D

Fig. 39.3 Treatment algorithm for acute hypoxia in
reversed by altering the patient’s head position, checking
the tube’s position, or deflating the cuff, the tube should
be replaced. If there is no evidence of obstruction, despite
bagging difficulty, a tension pneumothorax should be ruled
out. Assuming that the patient is hand ventilated easily,
the mechanical ventilator and its circuitry should be
inspected to exclude a mechanical flaw. Additional workup
at this time should include a physical examination, review
of recent events, blood gas analysis, a portable anteropos-
terior chest radiograph, and an electrocardiogram. Further
diagnostic studies should be guided by the findings in the
algorithm of Fig. 39.3.
Summary
Throughout this chapter, we have focused on the clini-
cally relevant issues regarding postoperative respiratory
failure. Initially, we addressed the pathophysiology of the
varying types of acute respiratory failure, then we identified
the preoperative, intraoperative, and postoperative predic-
tors of postoperative pulmonary complications including
respiratory failure. We then took an in-depth look at the
more common etiologies of acute respiratory failure: ate-
lectasis, pulmonary aspiration, pulmonary embolism and
the acute respiratory distress syndrome. Finally, we outlined
a practice approach to the acutely hypoxemic perio-
perative patient, that is outlined in the algorithm shown
in Fig. 39.4.
al problems

entilator

dures New complications Progressive underlying disease

• ABG analysis
• Chest radiograph
• Electrocardiogram

Physical examination
Tension

pneumothorax

Chest tube

lter head position
heck tube position
eflate the cuff

Replace the tube

the intubated patient. ABG, Arterial blood gas.
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  to enhance coughing
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• FFB if lobar collapse persists

Aggressive pulmonary
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antibiotic coverage
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ARDS clinical

management guidelines

Fig. 39.4 Overview algorithm for treatment of pulmonary embolism, pulmonary aspiration, and atelectasis. ARDS, Acute respiratory distress syndrome;
BAL, bronchoalveolar lavage; CPAP, continuous positive airway pressure; FFB, flexible fiberoptic bronchoscopy; IS, incentive spirometry; IPPB, inter-
mittent positive-pressure breathing.
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