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During the last decade, despite
increases in patient age and

comorbid conditions in thoracic
surgery, the duration of inhospi-
tal stay has become shorter with
a reduction of surgery-related co-
mplications. Now, the primary
causes of mortality following
thoracic surgery have shifted
away from cardiac and surgical
complications toward pulmo-
nary problems, such as postoper-
ative pneumonia, empyema and
sepsis, acute lung injury (ALI) and
acute respiratory distress syn-
drome (ARDS) (1). The available
data suggest that incidence of
post-thoracotomy ALI has not sho-
wn any significant decrease over
the last two decades (2- 5% ),
though the case- fatality rate has
decreased from almost 100% to
less than 40% due to improved
ICU medical management (2). In
fact, post-thoracotomy ALI has be-
come the leading cause of patient
death in modern thoracic sur-
gery (1).

The pathogenesis of post-thora-
cotomy ALI has not been fully
elucidated, but various triggering
factors including preoperative co-
morbid conditions, genetic pre-
disposition, surgery-induced infla-
mmation, ventilator-induced inju-
ry, fluid overload, and transfu-
sion are involved (1). Also, isch-
emia/reperfusion (I/R) injury of
the operated lung has been dem-
onstrated as one of the most vi-

tal factors causing and aggravat-
ing post-thoracotomy ALI and AR-
DS (3, 4). By multivariate regres-
sion analysis, a large cohort clini-
cal study of thoracic surgical pa-
tients has identified several risk
factors for post- thoracotomy ALI,
e.g., severe pulmonary dysfunc-
tion, chronic alcohol consump-
tion, extended lung resection, in-
jurious ventilation and excessive
fluid load, etc (5). Moreover, it is
reported that the occurrence of
post- thoracotomy ALI is more
common after right pneumonec-
tomy in elderly patients with col-
onized airways or in those requir-
ing multiple transfusions or re-
ceived preoperative chemoradio-
therapy (6-8). To attenuate post-
thoracotomy ALI and improve
clinical outcomes, several chang-
es in the perioperative manage-
ment of thoracic surgical patients
have recently been implemented,
particularly in high- risk patients:
an 'open- lung' protective ventila-
tion strategy (low tidal volume,
positive endexpiratory pressure
and recruitment), titrated fluid
regimen, assessment of pulmo-
nary fluid compartment and early
treatment of lung edema with
noninvasive ventilation, aerosol-
ized β2- adrenergic agonists or both
(2). Despite so, there remains no
significant change trend in post-
thoracotomy ALI and endeavors
to seek the new schemes of pre-
vention and treatment still con-

tinue.
Remote ischemic precondition-

ing, which was found by Prz-
yklenk and colleagues (9) in
1993, is a phenomenon whereby
transient non- injurious ischemia
followed by reperfusion of one
tissue or organ leads to the pro-
tection of another visceral organ
against an injurious ischemic in-
sult. The discovery of remote
ischemic preconditioning has
provided an innovational thera-
peutic strategy for the preven-
tion of acute I/R injury in suscep-
tible organs and tissues. Special-
ly, the ability to induce remote
ischemic preconditioning by a
standard blood pressure cuff
placed on the upper or lower
limb has facilitated its translation
into the clinical setting (10, 11).
During the past three decades,
experimental cardiology studies
have shown that remote isch-
emic preconditioning can pro-
tect against myocardial I/R inju-
ry (10). More valuably, remote
ischemic preconditioning can
prevent I/R injury of both the
heart and extra- cardiac organs
(such as lung and kidney) at the
same time as patients are subject-
ed to the open heart surgery (12,
13). Furthermore, a recent meta-
analysis indicates that remote
ischemic preconditioning reduc-
es troponin release in patients
undergoing coronary artery by-
pass grafting (14). In spite of
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these beneficial results, there is
continued skepticism regarding
the clinical efficacy of remote
ischemic preconditioning against
perioperative myocardial I/R in-
jury (15).

Similarly, regarding the lung
protection of remote ischemic
preconditioning, available litera-
tures including basic and clinical
trials provide conflicting results.
In a rat model, the remote isch-
emic preconditioning by unilater-
al lower limb I/R significantly at-
tenuates pulmonary neutrophil
infiltration, lung edema, myelo-
peroxidase and oxidative stress
(16, 17). Furthermore, limb re-
mote ischemic preconditioning
can attenuate hemorrhagic- shock
induced lung injury, and improve
lung function by inhibiting in-
flammation and lipid peroxida-
tion (18, 19). In patients under-
going lower limb orthopedic sur-
gery, limb remote ischemic pre-
conditioning induced by unilater-
al thigh tourniquet improves ar-
terial-alveolar oxygen tension ra-
tio, reduces respiratory index
and attenuates cytokine and free
radical release (20). In a random-
ized clinical trial with 60 infants
undergoing congenital heart de-
fect corrective surgery, Zhou and
colleagues (13) show that limb
remote ischemic preconditioning
induced by unilateral arm tourni-
quet before surgery reduces in-
flammatory cytokine release, pre-
serves lung compliance and atten-
uates lung I/R injury. In adult pa-
tients undergoing elective open
infrarenal abdominal aortic aneu-
rysm repair, moreover, limb re-
mote ischemic preconditioning
improves lung oxygenation (21).
However, Cheung and col-
leagues (22) show that limb re-
mote ischemic preconditioning

does not improve postoperative
oxygenation in children undergo-
ing cardiac surgery. Another re-
cent study also suggests that limb
remote ischemic preconditioning
does not provide significant pul-
monary benefit after complex
valvular cardiac surgery (23).
The conflicting results could be
attributable to different experi-
mental protocols and research
subjects.

Most interestingly, in a recent
article published in Anesthesiolo-
gy, Li and colleagues (24) demon-
strate the beneficial efficacy of
limb remote ischemic precondi-
tioning against the post-thoracot-
omy ALI in a randomized, double
blind, single-centre study with 216
patients undergoing elective tho-
racotomy and lung resections. In
this study, three cycles blood
pressure cuff inflation on the left
upper arm (5 minutes each cy-
cle), followed by reperfusion (5
minutes each cycle), significantly
improved intraoperative oxygen-
ation, decreased incidence of
postoperative ALI and attenuat-
ed the rise of biomarkers reflect-
ing inflammatory response and
oxidative stress when compared
with no remote ischemic precon-
ditioning.

The present study is notewor-
thy because it is the first clinical
trial to show that the reduction
in surrogate endpoints in pa-
tients treated with remote isch-
emic preconditioning before tho-
racotomy translates into clinical
benefit. Moreover, many things
of this study were well done.
Other than strict inclusion and
exclusion criteria of patients, Li
and colleagues tried to control
most of known risk factors that
can affect ALI following lung re-
section, such as age, gender, pre-

existing mobidities, preoperative
pulmonary function, smoking his-
tory, duration of anesthesia, du-
rations of one- lung ventilation
and surgery, ventilation model,
intraoperative infusion and trans-
fusion, postoperative pain man-
agement, etc (2, 25-29). All of
these are strengths in their study
designs. Before the exciting find-
ings of Li and colleagues are ad-
opted into routine practice, how-
ever, several important issues of
this study must be noted and
clarified.

Firstly, this study excluded the
patients at high risks of post-tho-
racotomy ALI, such as elderly pa-
tients and those with the Ameri-
can Society of Anesthesiologists
(ASA) physical status 3 to 4 cate-
gory, severe impairment of car-
diorespiratory function, previous
chemotherapy or radiation thera-
py or immunotherapy, and pneu-
monectomy (2, 25- 29). Thus, an
important issue that was not ad-
dressed by this study is whether
limb remote ischemic precondi-
tioning can protect against the
post- thoracotomy ALI in high-risk
patients undergoing lung resec-
tions and thereby improve clini-
cal outcomes. From an anesthesi-
ologist's perspective, we believe
that if the beneficial efficacy of
limb remote ischemic precondi-
tioning against the post-thoracot-
omy ALI in high-risk patients un-
dergoing lung resections can be
soundly validated by robust evi-
dences from further large- scale
randomized controlled trials, the
clinical applications in the thorac-
ic surgical setting would have a
greater value.

Secondly, in this study, the au-
thors only reported that the right-
or left-side surgery and types of sur-
gery (wedge resection and lobec-
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tomy) were not significantly dif-
ferent between the two groups.
Actually, post- thoracotomy ALI is
closely associated with the ex-
tent of lung resection. Segmental
or wedge resections have the
lowest risk, lobectomy the medi-
ate, and pneumonectomy the
highest (28). Therefore, in a ran-
domized controlled trial of assess-
ing post-thoracotomy ALI, provid-
ing the detailed extent and amount
of lung tissues removed by sur-
gery, such as segmentectomy, we-
dge resection, unilobectomy, bilo-
bectomy, and pneumonectomy, is
very important for ensuring group
comparability. Moreover, other
than standard pulmonary func-
tion examinations, preoperative
evaluation is best to include the
split-function tests as they can cal-
culate the relative function of
the tissue to be removed to the
total function of both lungs, and
thereby predict postoperative pul-
monary function and risks for
post-thoracotomy ALI (30). In ad-
dition, serum albumin level sho-
uld be included in the patients’
demographic data as it is associ-
ated independently with pulmo-
nary complications in patients un-
dergoing lung carcinoma resec-
tion (31).

Thirdly, this study reported a
12.0% overall incidence of ALI
after lung resections. Li and col-
leagues stated that this result was
in agreement with the findings of
previous reports based on their
references 5 and 6. However, in
their reference 5, Alam et al. (26)
reported a 3.1% incidence of
ALI after lung cancer resection.
Their reference 6 is a review, in
which Licker et al. (2) reported a2-
5% combined incidence of ALI af-
ter thoracic surgery. According
to the American- European con-

sensus conference definitions for
ALI/adult respiratory distress syn-
drome applied in the trial by Li
and colleagues, most of previous
studies show that ALI following
lung resection is infrequent, oc-
curring in just 2.5% of all lung re-
sections combined, with a peak
incidence of 7.9% after pneumo-
nectomies (5, 26, 28, 29). That
is, incidence of post-thoracoto-
my ALI reported by Li and col-
leagues is about 2-5 times higher
than findings of previous studies.
Unfortunately, Li and colleagues
did not provide the possible
causes for the high incidence of
post- thoracotomy ALI, though
they may be important contribu-
tors of their findings. We believe
that addressing these factors
would further clarify the trans-
parency of this study.

Fourthly, Li and colleagues
did not specify the surgery- relat-
ed complications, such as postop-
erative bleeding, air leakage,
chest infection, bronchopleural
fistula, etc. Actually, two clinical
patterns of post- thoracotomy ALI
have been described, correspond-
ing to different pathogenic trig-
gers: primary ALI develops with-
in 3 days triggered by surgery
and a delayed form triggered by
postoperative complications, such
as bronchoaspiration, pneumo-
nia, or bronchopleural fistulas,
generally observed between days
3 and 10 after surgery (1). The
postoperative complications not
only contribute to the post-thora-
cotomy ALI and ARDS, but also
aggravate postoperative inflam-
matory response and prolong du-
ration of in-hospital stay (32).Mor-
eover, in this study, data regard-
ing postoperative fluid manage-
ment were evidently missing,
though fluid overload in the first

postoperative 24 hours is an in-
dependent risk factor for post-
thoracotomy ALI (32, 33).

Fifthly, Li and colleagues re-
ported that incidence of postoper-
ative renal complications is 0% .
In the methods, we were not pro-
vided with the details of periop-
erative renal function assess-
ment. The available data show
that the risk of acute kidney inju-
ry within 72 hours after lung re-
sections varies between 6 and
24% (32), and development of
acute kidney injury has been as-
sociated with increased rates of
tracheal reintubation and postop-
erative mechanical ventilation,
and prolonged duration of in-
hospital stay (33). Moreover, the
study by Li and colleagues was
not powered to show a differ-
ence in postoperative mortality
and the number of adverse events
occurred during the follow-up pe-
riod was small. Thus, it is un-
clear whether favorable effect of
remote ischemic preconditioning
on post-thoracotomy ALI can be
translated to postoperative mor-
tality benefit. To address this issue,
large-scale clinical trials are still re-
quired, and these new studies
should have enough power for
postoperative mortality (11). If
further studies show consistent
beneficial effect of remote isch-
emic preconditioning on ALI
and mortality following lung re-
sections, the implications for
practice are immense.

In conclusion, in a prospective,
randomized, and controlled clini-
cal trial, Li and colleagues chal-
lenge the hypothesis whether
limb remote ischemic precondi-
tioning can produce a beneficial
effect on post- thoracotomy ALI,
and show that intermittent upper
limb ischemia as a remote isch-
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emic preconditioning stimulus im-
proves intraoperative pulmonary
function after lung resection in pa-
tients without severe pulmonary
disease. Undoubtedly, this study
further enriches our knowledge
regarding the effect of limb re-
mote ischemic preconditioning
on perioperative organ injury.
Furthermore, their findings
might change the current practice
of perioperative management of
thoracic surgical patients. Howev-
er, it must be emphasized there
are some limitations in the study
design and conflicting results re-
garding the lung protection of re-
mote ischemic preconditioning in
available literatures. Before re-
mote ischemic preconditioning
can be recommended as a routine
clinical practice to attenuate post-
thoracotomy ALI, we believe
there is still a long way to go. Spe-
cially, it needs to address some
crucial problems about use of the
remote ischemic precondition-
ing. For example, what is the ex-
tent of lung protection by remote
ischemic preconditioning? What
is the best time to perform remote
ischemic preconditioning before
surgery? What are precise mecha-
nisms of remote ischemic precon-
ditioning against post- thoracoto-
my ALI? Can remote ischemic pre-
conditioning be combined with
other lung protective measures,
for example pharmacological pre-
conditioning or postcondition-
ing? If combined, can a synergis-
tic lung protection be obtained?
Can favorable effect of remote
ischemic preconditioning on post-
thoracotomy ALI be translated to
postoperative mortality benefit?
Evidently, future experimental
and clinical trials are needed to
answer these questions.
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