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MAJOR abdominal and thoracic surgeries are fre-
quently associated with postoperative acute respira-

tory failure (ARF) as a result of atelectasis or pneumonia.1 In
the follow-up to this type of surgery, increasing numbers of
reports suggest that noninvasive ventilation (NIV) may help
prevent ARF.2–4 The Case Scenario presented here illustrates
the potential benefit of applying NIV. In addition, it high-
lights the importance of applying a multifaceted postopera-
tive strategy rather than a single therapeutic strategy. This
Case Scenario aims to identify key points that can help med-
ical practitioners to make the correct choice as to whether to
use NIV or not following invasive surgery.

Case Report
A 63-yr-old man underwent transthoracic esophagectomy
for adenocarcinoma; he experienced progressive ARF start-
ing 24 h after surgery. The patient was scheduled for esoph-
agectomy after neoadjuvant radiochemotherapy. His pulmo-
nary function test did not demonstrate any abnormalities,
revealing a forced expiratory volume of 3 l per second and a
forced vital capacity of 3.43 l, both of which are more than
95% of the predicted value associated with normal gas ex-

change (table 1). The patient was a former smoker (10 ciga-
rettes a day for at least 15 yr) but had stopped 5 yr before
surgery; a moderate alcohol intoxication was noted at the
time of surgery. The patient presented a 5 kg weight loss
without impairment of nutritional status (serum albumin
level of 28 g/l). Neuraxial analgesia was not planned because
the patient presented a medical history of coronary disease,
having undergone endovascular stent graft placement 2 yr
before the intervention described here. This stent graft re-
quired continuation of antiplatelet therapy (acetylsalicylic
acid). The surgical procedure for esophagectomy lasted 290
min; it included a median laparotomy with creation of a
neoesophagus using the stomach, followed by a right thora-
cotomy with right pulmonary exclusion, with the patient
placed in the left decubitus position. This allowed subtotal
esophagectomy and esophageal reconstruction through the
thoracic route. The patient was put under protective venti-
lation5 throughout the procedure. This included 5 cm H2O
positive end-expiratory pressure. During the two-lung ven-
tilation period, tidal volume was 9 ml/kg; this was reduced to
5 ml/kg during the one-lung period (78 min). According to
these settings, inspiratory fraction of oxygen levels were
maintained at 60% during the whole anesthetic period, and
oxygen saturation did not drop below 96%. No difficulties
were encountered during either the surgical procedure or the
immediate postoperative period. Tracheal extubation was
performed before transfer from the operating theater to the
intensive care unit. Postoperative analgesia was provided by
intravenous acetaminophen (1 g every 6 h) and patient-con-
trolled analgesia associating morphine and ketamine, with a
bolus dose of 0.015 mg/kg each every 7 min; the number of
doses was not limited. This analgesic strategy was initially
associated with a visual analog pain score, which was main-
tained at less than 40 mm over the first 18 h. Respiratory
rehabilitation consisted in twice-daily chest physiotherapy
(30 min), incentive spirometry, and early mobilization. Un-
fortunately, from the end of the first postoperative day, the
patient became resistant to physiotherapy and showed pro-
gressive sputum retention and moderate hypoxemia. On the
second postoperative day, the patient’s respiratory status
worsened; tachypnea (less than 30 breaths/min), superficial
ventilation, and confusion were observed. Moreover, the pa-
tient complained of thoracic pain (visual analog pain score
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higher than 60 mm) and required more pain relief (morphine
consumption greater than 15 mg/8 h). Considering the pre-
operative alcohol intoxication noted, some of these symp-
toms might be attributed to delirium tremens. Nevertheless,
the combination of hypoxemia and cumulative morphine
doses explains our concern for these symptoms. Faced with
the rapid degradation of the patient’s health status and his
increasing tachycardia, the potential benefit of neuraxial an-
algesia was suggested. Given the antiplatelet drug regime, the
risk of infection, and a similar benefit in analgesic control, a
paravertebral block was deemed preferable to epidural anal-
gesia. Because a paravertebral block does not require epidural
puncture, the risk of compressive hematoma is reduced. The
paravertebral block infusion (2 mg/ml ropivacaine) started at
an initial flow of 6 ml/h; flow was rapidly increased to 10
ml/h. This resulted in vertebral blockade from T6 to T10
and was associated with an improvement in patient compli-
ance with care. A visual analog pain score lower than 40 mm
with the paravertebral infusion allowed the patient-con-
trolled analgesia to be stopped. Despite this change in anal-
gesia, the patient’s respiratory distress worsened on the third
postoperative day with tachypnea greater than 30 breaths/
min, active contraction of accessory muscles, temperature
above 39°C, macroscopically purulent secretion associated
with leukocytosis (white cell count of 16,000/mm3), and

hypoxemia requiring increased oxygen supply (table 1).
These clinical signs were associated with the radiographic
observation of right lower- and middle-lobe infiltrates, sug-
gesting the development of pneumonia. In the immediate
postoperative period, a surgical cause for these symptoms
must be ruled out. Anastomotic leakage or pleural empyema
were excluded because chest drainage discharge was normal
and a methylene blue test through the nasogastric tube was
negative. Therefore, the patient was treated with noninvasive
positive pressure ventilation combined with a first-line anti-
biotherapy using an association of piperacillin/tazobactam
and amikacin. Pressure support was initially set at 8 cm H2O
over a positive end-expiratory pressure of 4 cm H2O for
periods of 45 min separated by intervals of 60 min. Despite
moderate delirium, the association of NIV, paravertebral
block, and antibiotherapy led to progressively improved ox-
ygenation, thus eliminating the immediate need for tracheal
intubation and invasive mechanical ventilation. The thought
process leading to the use of NIV in this case is summarized
in table 2.

Discussion
Important issues to consider in this case include the following.

1. What Is the Pathophysiology of Respiratory Failure after
Esophagectomy?

Table 2. Thought Process in Favor of the Use of Noninvasive Ventilation during the Postoperative Period for the
Case

Thought Stage Clinical Application

Indication Acute respiratory failure in the postoperative period
Expected benefit Supporting muscle function and improvement of gas exchange

Reducing atelectasis
Avoiding mechanical ventilation and related complications

Prerequisites Conscious patient with controlled analgesia
Tolerant and cooperative patient
Exclude surgical complications
Absence of hemodynamic instability

Potential complications Patient intolerance and agitation
Gastric distension, aspiration
Delayed reintubation

Table 1. Blood Gas Values for the Main Stages of Clinical Course

pH
PaO2

(mmHg)
PaCO2

(mmHg)
SaO2

(%)

Oxygen
Supply

(l/min or %)

Respiratory
Rate

(breaths/min)

Preoperative 7.41 71 37 95 None 16
Postoperative 7.35 192 41 100 6 l/min 14
End of first postoperative day 7.39 107 38 98 6 l/min 18
Before paravertebral block second postoperative day 7.37 95 39 98 10 l/min 24
Before NIV use third postoperative day 7.40 72 37 96 11 l/min 31
4 h after NIV introduction third postoperative day 7.43 123 34 99 50% 28
24 h after NIV introduction (between NIV periods) 7.39 83 39 97 8 l/min 26
24 h after NIV introduction (end of NIV period) 7.41 111 38 98 40% 24
24 h after NIV optimization (between NIV

periods) fifth postoperative day
7.39 121 38 99 8 l/min 19

NIV � noninvasive ventilation; PaCO2 � arterial partial pressure of carbon dioxide; PaO2 � arterial partial pressure of oxygen; SaO2 �
arterial oxygen saturation.
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Despite continuous progress in surgical, anesthetic, and
intensive care techniques, carcinoma of the esophagus
continues to carry a high perioperative mortality rate rang-
ing from 3 to 14% (table 3).1,6–12 Death generally results
from the development of postoperative respiratory com-
plications.11 After esophagectomy, the development of re-
spiratory complications may be explained by two patho-
logic mechanisms. The first is linked to surgical
complications, notably with the occurrence of anasto-
motic leakage leading to mediastinitis, septic shock, and
acute respiratory distress. The second is of medical origin,
with multifactorial impairment of respiratory function.

Medical causes of respiratory complications can involve
muscle dysfunction, alteration of pulmonary mechanics,
and development of pulmonary atelectasis, leading to post-
operative hypoxemia and inducing the further develop-
ment of complications such as pneumonia or ARF.13 Nev-
ertheless, the frequency and significance of respiratory
impairment in cases of thoracic or upper abdominal sur-
gery, and particularly esophagectomy, require specific at-
tention.14 Along with the “classic” phenomena which are
common after all major surgeries, esophagectomy is also
characterized by the association of pre-, peri-, and postop-
erative pulmonary insult factors (fig. 1). The influence of
several preoperative factors, including patient’s age, per-

formance status, comorbidity, neoadjuvant chemora-
diotherapy, and poor respiratory function have com-
monly been found to associate with a worse respiratory
outcome.10,11,15,16 For example, the negative effect of che-
moradiotherapy on preoperative pulmonary function and
increased postoperative respiratory complications has been
demonstrated by an impairment of the lungs’ carbon mon-
oxide diffusion capacity.17 On the basis of these factors,
different preoperative scoring methods have been devel-
oped to predict the occurrence of respiratory complica-
tions.10,16 For instance, Ferguson and Durkin have devel-
oped a scoring system using patient age, spirometry results,
and performance status to help predict the likelihood of
pulmonary and cardiovascular complications after esopha-
gectomy (table 4).10,18 However, these preoperative scores
underestimate the influence of perioperative events that
significantly impact postoperative respiratory outcome.
Perioperative management, including the use of a mechan-
ical ventilation strategy, duration of surgical procedure,
surgeon’s experience, extended lymphadenectomy, and
fluid management have all been shown to correlate with
the postoperative respiratory status.5,19,20 Several reports,
including our own observations, demonstrate the influence
of one-lung ventilation on the inflammatory process, on
respiratory complications, and the importance of a protec-

Table 3. Respiratory Complications after Esophagectomy

References
Patients

(n)
PRC
(%)

Pneumonia
(%)

ALI/ARDS
(%)

Hospital Death
(%)

Karl et al.6 143 19 8 2 2.1
Doty et al.7 120 8 2.5 2.5 0.8
Chandrashekar et al.8 76 22 13 9.2 2.6
Fang et al.9 441 7 NA NA 3.9
Atkins et al.1 379 16 15.8 NA 5.8
Ferguson et al.10 292 27 NA NA 13.7
Avendano et al.11 81 36 32.8 9.8 11.5
Whooley et al.12 710 32 17 12 11
All studies 2,242 21.5% 16.7% 9.4% 7.7%

ALI/ARDS � acute lung injury/acute respiratory distress syndrome; NA � not available; PRC � postoperative respiratory complications.

Fig. 1. Postesophagectomy respiratory impairment factors.
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tive respiratory strategy based on the decrease of tidal vol-
ume.5 During the postoperative period, we suggest the
involvement of a “stratified process” or a “multi-hit model”
where different factors combine with each other and act
synergistically to promote the development of ARF. In this
way, the first steps are represented by pre- and periopera-
tive respiratory impairment with reduced residual func-
tional capacity, atelectasis, and related hypoxemia.21 This
status is aggravated during the first postoperative days if it
is associated with persistent diaphragmatic dysfunction,
progressive sputum retention, atelectasis, and respiratory
muscle exhaustion. Insufficient analgesic management and
respiratory rehabilitation could also be factors.8 In parallel,
and as regularly reported following both thoracic and ab-
dominal surgery, a pulmonary inflammatory response can
impair the lung parenchyma, rendering them more sensi-
tive to further aggressions.5,22 Unfortunately, after esoph-
agectomy, the inflammatory response is not limited to the
lung. Indeed, the physiologic insult resulting from esoph-
agectomy is perhaps one of the most apparent because this
surgery involves multiple surgical fields. The operative
trauma is known to activate several immune cells, which
results in the production of proinflammatory cytokines
and promotes the development of a systemic inflammatory
response.22 Moreover, initiation of a systemic inflamma-

tory response has previously been correlated with the fur-
ther development of postoperative complications and the
onset of organ dysfunction.23,24 All of these mechanisms
occurring simultaneously probably negatively influence
each other, thus resulting in a “vicious circle.”
Finally, the medical and surgical complications are closely
linked in the case of esophagectomy. This specificity is
explained by the influence of respiratory distress and in-
flammation on the anastomotic area. After ARF, the sec-
ond most severe complication is the occurrence of anasto-
motic leakage. This is closely linked to ischemia of the
gastric conduit25 and impaired oxygen delivery,26 both of
which are observed when respiratory failure occurs in com-
bination with systemic inflammation. It is therefore crucial
to maintain adequate oxygenation throughout the postop-
erative period for both surgical and medical reasons, espe-
cially when ARF occurs.11

Although postoperative ARF is often characterized by
the association of hypoxemia with hypercapnia, in our
case, arterial blood gas analysis showed that ARF was char-
acterized mainly by hypoxemia in the absence of hypercap-
nia. This is in accordance with previously published re-
sults.2 However, this particularity requires confirmation
through further study because of its impact on the man-
agement of ARF.

Table 4. Ferguson and Durkin Scoring System10

Factor Evaluated Segmentation Score

Age � 50 yr A
� 51 yr 0

Between 51 and 60 yr 1
Between 61 and 70 yr 2
Between 71 and 80 yr 3

� 80 yr 4
Forced expiratory volume in 1 s B
% of predicted � 90% 0

80–89.9% 1
70–79.9% 2
60–69.9% 3

� 60% 4
Performance status* C

Fully active, able to carry on all predisease activities
without restriction

0

Restricted in physically strenuous activity but
ambulatory and able to carry out work of a light or
sedentary nature

1

Mobile and capable of all self-care but unable to
carry out any work activities

2

Capable of only limited self-care, confined to bed or
chair for more than 50% of waking hours

3

Completely disabled. Cannot carry out any self-care.
Totally confined to bed or chair

4

Total � A � B � C
Predicted cardiopulmonary

complications risk incidence
based on the sum of three
covariates

0–1 21%
2–3 41%
4–5 46%
6–7 62%

� 8 91%

* Performance Status is based on the Eastern Cooperative Oncology Group Performance Status.18
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2. How Is Postesophagectomy ARF Managed?
To deal with the complexity of ARF after esophagectomy,
the patient must be treated by a multidisciplinary medical
staff. The first step is to establish whether there is any
involvement of surgical complications, such as anasto-
motic leakage, in particular with regard to the potential
respiratory consequences.27 This hypothesis requires that
a surgeon be consulted; chest drainage discharge be exam-
ined for abnormalities; a methylene blue test through the
nasogastric tube be carried out; computed tomography
examinations of the chest be performed to identify medi-
astinitis or pleural empyema; and, if clinical status implies
reintubation, a fibroscopic assessment of anastomotic sta-
tus must be carried out. Once a surgical cause has been
eliminated, the practitioners in charge of the patient need
to promote respiratory rehabilitation with optimal analge-
sic control to ensure correct oxygenation. Our case illus-
trates this issue, highlighting the advantages of neuraxial
postoperative analgesia, which not only limits the use of
opioid analgesia, but can also improve respiratory func-
tion. For a number of years in cases where respiratory
function worsens despite adequate analgesic control, as is
the case here, invasive mechanical ventilation was the rec-
ommended ventilation strategy. Nevertheless, several
studies have shown that respiratory morbidity was largely
associated with the need for reintubation and mechanical
ventilation, notably through the development of ventila-
tor-associated pneumonia.11,28 As a result of these studies,
strategies changed, and practitioners chose to avoid endo-
tracheal mechanical ventilation for the treatment of ARF,
particularly when oxygenation could be preserved through
the use of NIV.

3. Is There a Clear Indication for NIV, Taking into
Account the Proximal Surgical Anastomosis and Current
Recommendations for the Use of NIV when Faced with
Pneumonia?

A recent review and guidelines have reported the potential
interest of NIV in postoperative ARF.29 However, only a
few prospective randomized studies are available which
have demonstrated that NIV reduces the need for invasive
mechanical ventilation and the risk of death after solid
organ transplantation30 and thoracic surgery.4 In addi-
tion, the clinical benefits of NIV compared with conven-
tional medical treatment in patients with hypoxemic,
nonhypercapnic ARF remain to be proven.31 This is par-
ticularly the case in the setting of esophagectomy, where
the balance between potential benefits of NIV and the
hypothetical risk of anastomotic leakage must be carefully
evaluated.32 In the postoperative context, recent results
support the safety of NIV in patients with ARF after upper
abdominal surgery.2,33 We have recently reported a case-
control study demonstrating the safety of NIV for patients
who developed ARF after esophagectomy and its efficacy
in avoiding tracheal intubation.2 Furthermore, the same
study showed that the use of NIV was not associated with

increased anastomotic leakage.2 These results corrobo-
rated those of previous clinical studies, demonstrating the
safety of continuous positive airway pressure (CPAP) after
major abdominal surgery.33,34 Gastric distension is less
problematic with NIV than with CPAP, this might be
explained by the fact that inspiratory pressure is limited to less
than 25 cm H2O in NIV. At this level, distension is unlikely
to occur. In addition, nasogastric drainage is maintained
throughout the postoperative period, and this may contrib-
ute to the prevention of tracheal acid aspiration.35

When considering the use of NIV during the postoper-
ative period, the practitioner must determine when direct
reintubation of the patient is preferable to starting NIV
and when NIV should be stopped. When dealing with
ARF, NIV should not be initiated in patients who are
confused, in those unable to cooperate, or in patients
presenting hemodynamic instability. Moreover, tra-
cheal intubation should be performed immediately if
the ARF worsens despite the correct use of NIV. This is
particularly important because delayed reintubation
may result in increased mortality.36

Subsequent Course
After 1 day of intensive NIV with periods of up to 2–3 h, the
patient’s clinical evolution was marked by a progressive de-
terioration of his condition. Although the capnia was main-
tained in a normal range, hypoxemia reappeared as soon as
the NIV was suspended for a few hours (table 1). A follow-up
chest x-ray highlighted this degradation, showing a spread of
pneumonia to both lungs. Analysis of the potential causes of
this adverse evolution revealed that there were air leaks from
the nasobuccal interface, in particular around the exit of the
nasogastric tube. These affected patient-ventilator syn-
chrony. To reduce this problem a full facemask was used in
place of the nasobuccal mask (fig. 2) and the pressure-sup-
port ventilation (Puritan Bennett 840; TYCO, Carlsbad,
CA) settings were also modified in order to reduce air leaks.
These changes included time-cycling instead of flow-cycling
the inspiratory phase and reduction of the assisted inspira-
tory pressure. After these modifications, patient-ventilator
synchrony was improved, and the patient was able to sleep
with his new interface for a few hours during the night. Over
the subsequent days, the patient was progressively weaned off
NIV, and he was discharged from the intensive care unit after
7 days. During the second postoperative week, fibroscopic
control of the anastomosis did not reveal any leakage.

4. Should NIV in This Setting Be Used Prophylactically
Immediately after the Surgical Procedure or Only when
ARF Is Diagnosed?

Another issue to contend with when considering the use of
NIV in the postoperative period is the optimal time for
implementation: faced with an established ARF (curative
use) or by default immediately after the surgical procedure
(prophylactic use). With regard to the clinical course of
our patient, one could argue that preventive, rather than
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curative, application of NIV might have avoided the de-
velopment of respiratory distress. Although the definitive
response remains unknown, some data are currently avail-
able for evaluation. One of the first well conducted studies
of to the use of NIV during the postoperative period was
carried out in the context of patient acute respiratory in-
sufficiency after lung resection (curative use).4 This study
revealed a reduction in the need for endotracheal mechan-
ical ventilation and in postoperative mortality.4 Other pa-
pers have confirmed that curative NIV is of benefit in
other thoracic or abdominal surgical procedures.2,30 On
the other hand, Squadrone et al.3 have proposed the use of
CPAP for the treatment of moderate hypoxemia at an
earlier stage in the postoperative course after major ab-
dominal surgery; this would constitute a preventive use.
Consequently, although both strategies appear to give pos-
itive results, further studies are required to confirm the
clinical benefits acquired through application of NIV ear-
lier in the postoperative course.

5. What Are the Optimal Settings for NIV in This
Situation?

The first and, perhaps the most comfortable, mode of NIV
is CPAP. Although CPAP does not correspond to true
ventilation, this technique could be easily and rapidly
started postoperatively. This would help prevent airway
and alveolar collapse and would contribute to the mainte-
nance of functional residual lung capacity, which would
lead to an increase in oxygenation. The combination of
positive inspiratory pressure support ventilation with
CPAP could enhance the efficacy of NIV in improving the
“pump” function with a decrease of work for the breathing
apparatus. Nevertheless, to maintain patient comfort and
interface acceptance, the initiation of NIV should be car-
ried out with both moderate levels of inspiratory pressure
support ventilation and positive end-expiratory pressure
(which is called CPAP when used alone). In the present
case, the initial inspiratory pressure support ventilation
was set at 10 cm H2O. This value (potential felt as high by
the patient during NIV initiation) probably contributed

to the patient’s discomfort and to the air leaks detected
around the interface. The choice of interface is very im-
portant when applying NIV, and even more so when a
gastric tube is present, as in the case described here. Con-
sequently, and because there is no evidence to support the
use of a particular interface in the surgical context, the
physician in charge of the patient must try out several
interfaces to find that which ensures minimal leaks.

We have reported the fact that in our case, arterial blood
gas analysis showed that ARF was characterized mainly by
hypoxemia without hypercapnia, in accordance with pre-
vious results.2 Consequently, the settings of NIV should be
based on the preferential use of positive end-expiratory
pressure rather than inspiratory pressure assist ventila-
tion, as previously used by Squadrone et al.3 Neverthe-
less, whether the use of positive end-expiratory pressure
alone will prevent further muscle exhaustion remains to
be answered.

6. How Can the Analgesic Strategy Influence Patient
Tolerance when Faced with Complications and Related
Therapeutic Measures?

Patient compliance with treatment is mandatory for NIV
to be effective. This can be notably enhanced by providing
preoperative information, by ensuring interface accep-
tance, by adapting and progressively increasing pressure
settings, and, not least, by skilled staff.31,33,37 Within the
context of postoperative respiratory rehabilitation, NIV
use also needs a “positive atmosphere” to be optimal. Be-
cause of this, and particularly in the postesophagectomy
situation, analgesic control appears of paramount impor-
tance. The case reported here clearly demonstrated that
insufficient analgesic control could contribute to a loss of
patient compliance and subsequent impairment of respi-
ratory function. The use of neuraxial analgesia is associ-
ated with better relief of pain and fewer opioid-related side
effects.8,38 This results in a reduction in the need for post-
operative ventilation.39 Furthermore, Rigg et al.40 have
reported a positive influence of epidural analgesia on the
outcome of major abdominal surgery. After esophagec-

Fig. 2. These photographs illustrate the improvement of noninvasive ventilation (NIV) efficacy by better patient-NIV interaction.
(A) The use of the initial interface was associated with air leaks at the nasogastric tube exit (arrows) and a nose pain related to
bending of the nasogastric tube. (B) A multilayered hydrocolloid was added ensuring a better air tightness. (C) Finally, the use
of a new interface allowed the absence of nasogastric tube bending, leading to complete patient compliance with the technique.
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tomy, specific effects of analgesic strategies should be
highlighted. We have reported the benefit of epidural an-
algesia on the improvement of anastomotic perfusion.27,41

This could partly explain the protective influence of this
technique after esophagectomy. Unfortunately, epidural
analgesia could not be used in the case described here
because of the patient’s antiplatelet therapy. Although we
could retrospectively regret not having applied neuraxial
analgesia for this patient in the immediate postoperative
period, the balance between benefits and potential risks
was considered to weigh against the placement of this
technique by the physician in charge of the patient at that
time. While the published literature remains insufficient,
several studies have already highlighted the potential ben-
eficial effects of a paravertebral block.42 Taken together,
all of these factors explain why we are so interested in the
association of neuraxial analgesia with NIV. Indeed, this
association probably results in a synergistic effect for both
curative and preventive applications. Once pain is under
control, patient compliance may be reinforced by the use
of the best-adapted interface, that which provides the best
match between the human and the “machine.”31,37

Knowledge Gap and Future Perspectives

Clinical studies are mandatory to confirm that NIV is rele-
vant in the specific situation of esophagectomy. It is partic-
ularly important to determine the optimal time for introduc-
tion of the technique. Indeed, although data are still
insufficient to conclude, a recent study supports the initia-
tion of NIV before a thoracic procedure to optimize respira-
tory function at a very early stage.43 Further research will also
provide information concerning better (earlier) preservation
of the respiratory function and control of the postoperative
inflammatory reaction. In the case presented here, we have
discussed how NIV and analgesic control can combine to
contribute to patient comfort and well-being, but these tech-
niques are currently employed more to correct an existing
respiratory impairment. How the implementation of these
two techniques could prevent the development of such ab-
normalities represents an interesting issue for the future.

An extensive analysis of the involvement of the abdominal
muscles in postoperative respiratory dysfunction is also re-
quired.44 This should be coupled to the development of an-
algesic techniques providing better abdominal recovery.45

Similarly, it will also be necessary to study the specific influ-
ence of NIV on abdominal muscle dysfunction.

We have repeatedly mentioned the inflammatory re-
sponse as one of the main factors influencing respiratory
impairment. This aspect is probably highly significant, par-
ticularly when one considers the potential influence of post-
operative respiratory complications and related immune ab-
normalities on cancer recurrence and long-term survival.17,46

Therefore, for esophagectomy patients, one of the main
knowledge gaps is how the immune response can be modu-
lated without completely suppressing its capacity. How is the

inflammatory response affected by the use of NIV, of differ-
ent analgesic strategies, and of combinations of the two?

Finally, we have mentioned numerous factors potentially
involved in the initiation of respiratory complications. These
factors can either protect against, or aggressively influence,
respiratory complications. Further studies would provide the
physician with new predictive scores to evaluate not only pre-
but also peri- and postoperative factors.

The authors thank Maighread Gallagher, Ph.D. (TWS Editing, St.
Egreve, France), for reviewing the manuscript.
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4. Auriant I, Jallot A, Hervé P, Cerrina J, Le Roy Ladurie F,
Fournier JL, Lescot B, Parquin F: Noninvasive ventilation
reduces mortality in acute respiratory failure following
lung resection. Am J Respir Crit Care Med 2001; 164:
1231–5

5. Michelet P, D’Journo XB, Roch A, Doddoli C, Marin V,
Papazian L, Decamps I, Bregeon F, Thomas P, Auffray JP:
Protective ventilation influences systemic inflammation
after esophagectomy: A randomized controlled study. AN-
ESTHESIOLOGY 2006; 105:911–9

6. Karl RC, Schreiber R, Boulware D, Baker S, Coppola D:
Factors affecting morbidity, mortality, and survival in pa-
tients undergoing Ivor Lewis esophagogastrectomy. Ann
Surg 2000; 231:635– 43

7. Doty JR, Salazar JD, Forastiere AA, Heath EI, Kleinberg L,
Heitmiller RF: Postesophagectomy morbidity, mortality,
and length of hospital stay after preoperative chemoradia-
tion therapy. Ann Thorac Surg 2002; 74:227–31

8. Chandrashekar MV, Irving M, Wayman J, Raimes SA, Lins-
ley A: Immediate extubation and epidural analgesia allow
safe management in a high-dependency unit after two-
stage oesophagectomy. Results of eight years of experi-
ence in a specialized upper gastrointestinal unit in a dis-
trict general hospital. Br J Anaesth 2003; 90:474 –9

9. Fang W, Kato H, Tachimori Y, Igaki H, Sato H, Daiko H:
Analysis of pulmonary complications after three-field
lymph node dissection for esophageal cancer. Ann Thorac
Surg 2003; 76:903– 8

10. Ferguson MK, Durkin AE: Preoperative prediction of the
risk of pulmonary complications after esophagectomy for
cancer. J Thorac Cardiovasc Surg 2002; 123:661–9

11. Avendano CE, Flume PA, Silvestri GA, King LB, Reed CE:
Pulmonary complications after esophagectomy. Ann Tho-
rac Surg 2002; 73:922– 6

12. Whooley BP, Law S, Murthy SC, Alexandrou A, Wong J:
Analysis of reduced death and complication rates after
esophageal resection. Ann Surg 2001; 233:338 – 44

13. Duggan M, Kavanagh BP: Pulmonary atelectasis: A patho-
genic perioperative entity. ANESTHESIOLOGY 2005; 102:
838 –54

EDUCATION

460 Anesthesiology, V 113 • No 2 • August 2010 Michelet et al.



14. Smetana GW, Lawrence VA, Cornell JE, American College
of Physicians: Preoperative pulmonary risk stratification
for noncardiothoracic surgery: Systematic review for the
American College of Physicians. Ann Intern Med 2006;
144:581–95

15. Wright CD, Kucharczuk JC, O’Brien SM, Grab JD, Allen MS,
Society of Thoracic Surgeons General Thoracic Surgery
Database: Predictors of major morbidity and mortality after
esophagectomy for esophageal cancer: A Society of Tho-
racic Surgeons General Thoracic Surgery Database risk
adjustment model. J Thorac Cardiovasc Surg 2009; 137:
587–95

16. Steyerberg E, Neville B, Koppert L, Lemmens V, Tilanus H,
Coebergh J, Weeks J, Earle C: Surgical mortality in patients
with esophageal cancer: Development and validation of a
simple risk score. J Clin Oncol 2006; 10:4277– 84

17. Abou-Jawde RM, Mekhail T, Adelstein DJ, Rybicki LA, Maz-
zone PJ, Caroll MA, Rice TW: Impact of induction concur-
rent chemoradiotherapy on pulmonary function and post-
operative acute respiratory complications in esophageal
cancer. Chest 2005; 128:250 –5

18. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE,
McFadden ET, Carbone PP: Toxicity and response criteria
of the Eastern Cooperative Oncology Group. Am J Clin
Oncol 1982; 5:649 –55

19. Tandon S, Batchelor A, Bullock R, Gascoigne A, Griffin M,
Hayes N, Hing J, Shaw I, Warnell I, Baudouin SV: Peri-
operative risk factors for acute lung injury after elective
oesophagectomy. Br J Anaesth 2001; 86:633– 8

20. Law S, Wong KH, Kwok KF, Chu KM, Wong J: Predictive
factors for postoperative pulmonary complications and
mortality after esophagectomy for cancer. Ann Surg 2004;
240:791– 800

21. Hedenstierna G: Airway closure, atelectasis and gas ex-
change during anaesthesia. Minerva Anestesiol 2002; 68:
332– 6

22. Abe T, Oka M, Tangoku A, Hayashi H, Yamamoto K, Yahara
N, Morita K, Tabata T, Ohmoto Y: Interleukin-6 production
in lung tissue after transthoracic esophagectomy. J Am
Coll Surg 2001; 192:322–9

23. Kooguchi K, Kobayashi A, Kitamura Y, Ueno H, Urata Y,
Onodera H, Hashimoto S: Elevated expression of inducible
nitric oxide synthase and inflammatory cytokines in the
alveolar macrophages after esophagectomy. Crit Care Med
2002; 30:71– 6

24. D’Journo XB, Michelet P, Marin V, Diesnis I, Blayac D,
Doddoli C, Bongrand P, Thomas PA: An early inflammatory
response to oesophagectomy predicts the occurrence of
pulmonary complications. Eur J Cardiothorac Surg 2010;
37:1144 –51

25. Urschel JD: Esophagogastrostomy anastomotic leaks com-
plicating esophagectomy: A review. Am J Surg 1995; 169:
634 – 40

26. Kusano C, Baba M, Takao S, Sane S, Shimada M, Shirao K,
Natsugoe S, Fukumoto T, Aikou T: Oxygen delivery as a
factor in the development of fatal postoperative compli-
cations after oesophagectomy. Br J Surg 1997; 84:252–7

27. Michelet P, D’Journo XB, Roch A, Papazian L, Ragni J,
Thomas P, Auffray JP: Perioperative risk factors for anas-
tomotic leakage after esophagectomy: Influence of tho-
racic epidural analgesia. Chest 2005; 128:3461– 6

28. Ferguson MK, Martin TR, Reeder LB, Olak J: Mortality after
esophagectomy: Risk factor analysis. World J Surg 1997;
21:599 – 603

29. Jaber S, Chanques G, Jung B: Postoperative noninvasive
ventilation. ANESTHESIOLOGY 2010; 112:453– 61

30. Antonelli M, Conti G, Bufi M, Costa MG, Lappa A, Rocco M,
Gasparetto A, Meduri GU: Noninvasive ventilation for
treatment of acute respiratory failure in patients undergo-
ing solid organ transplantation: A randomized trial. JAMA
2000; 283:235– 41

31. Nava S, Ceriana P: Causes of failure of noninvasive me-
chanical ventilation. Respir Care 2004; 49:295–303

32. Liesching T, Kwok H, Hill NS: Acute applications of non-
invasive positive pressure ventilation. Chest 2003; 124:
699 –713

33. Jaber S, Delay JM, Chanques G, Sebbane M, Jacquet E,
Souche B, Perrigault PF, Eledjam JJ: Outcomes of patients
with acute respiratory failure after abdominal surgery
treated with noninvasive positive pressure ventilation.
Chest 2005; 128:2688 –95

34. Fagevik Olsén M, Wennberg E, Johnsson E, Josefson K,
Lönroth H, Lundell L: Randomized clinical study of the
prevention of pulmonary complications after thoracoab-
dominal resection by two different breathing techniques.
Br J Surg 2002; 89:1228 –34

35. Shackcloth MJ, McCarron E, Kendall J, Russell GN, Penne-
father SH, Tran J, Page RD: Randomized clinical trial to
determine the effect of nasogastric drainage on tracheal
acid aspiration following oesophagectomy. Br J Surg 2006;
93:547–52

36. Ferreyra GP, Baussano I, Squadrone V, Richiardi L, Mar-
chiaro G, Del Sorbo L, Mascia L, Merletti F, Ranieri VM:
Continuous positive airway pressure for treatment of re-
spiratory complications after abdominal surgery: A system-
atic review and meta-analysis. Ann Surg 2008; 247:617–26

37. Nava S, Hill N: Non-invasive ventilation in acute respira-
tory failure. Lancet 2009; 374:250 –9

38. Rudin A, Flisberg P, Johansson J, Walther B, Lundberg CJ:
Thoracic epidural analgesia or intravenous morphine an-
algesia after thoracoabdominal esophagectomy: A pro-
spective follow-up of 201 patients. J Cardiothorac Vasc
Anesth 2005; 19:350 –7

39. Brodner G, Pogatzki E, Van Aken H, Buerkle H, Goeters C,
Schulzki C, Nottberg H, Mertes N: A multimodal approach
to control postoperative pathophysiology and rehabilita-
tion in patients undergoing abdominothoracic esophagec-
tomy. Anesth Analg 1998; 86:228 –34

40. Rigg JR, Jamrozik K, Myles PS, Silbert BS, Peyton PJ, Par-
sons RW, Collins KS, MASTER Anaesthesia Trial Study
Group: Epidural anaesthesia and analgesia and outcome of
major surgery: A randomised trial. Lancet 2002;
359:1276 – 82

41. Michelet P, Roch A, D’Journo XB, Blayac D, Barrau K,
Papazian L, Thomas P, Auffray JP: Effect of thoracic epi-
dural analgesia on gastric blood flow after oesophagec-
tomy. Acta Anaesthesiol Scand 2007; 51:587–94

42. Richardson J, Sabanathan S, Jones J, Shah RD, Cheema S,
Mearns AJ: A prospective, randomized comparison of pre-
operative and continuous balanced epidural or paraverte-
bral bupivacaine on post-thoracotomy pain, pulmonary
function and stress responses. Br J Anaesth 1999; 83:
387–92

43. Perrin C, Jullien V, Vénissac N, Berthier F, Padovani B,
Guillot F, Coussement A, Mouroux J: Prophylactic use of
noninvasive ventilation in patients undergoing lung resec-
tional surgery. Respir Med 2007; 101:1572– 8

44. Drummond GB: The abdominal muscles in anaesthesia and
after surgery. Br J Anaesth 2003; 91:73– 80

45. Beaussier M, El’Ayoubi H, Schiffer E, Rollin M, Parc Y,
Mazoit JX, Azizi L, Gervaz P, Rohr S, Biermann C, Lienhart
A, Eledjam JJ: Continuous preperitoneal infusion of ropi-
vacaine provides effective analgesia and accelerates recov-
ery after colorectal surgery: A randomized, double-blind,
placebo-controlled study. ANESTHESIOLOGY 2007; 107:461– 8

46. Kinugasa S, Tachibana M, Yoshimura H, Ueda S, Fujii T,
Dhar DK, Nakamoto T, Nagasue N: Postoperative pulmo-
nary complications are associated with worse short- and
long-term outcomes after extended esophagectomy. J Surg
Oncol 2004; 88:71–7

Noninvasive Ventilation for Esophagectomy

Michelet et al. Anesthesiology, V 113 • No 2 • August 2010 461


