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adquisicién de la navegacion virtual intraoperatoria permite contar
con margenes de seguridad milimétricos.

Al haberse extirpado el tumor en la cirugia previa, se plan-
teaba la cuestion de cudles debian ser los limites anatémicos para
una resecciéon oncolégica con margenes libres de tumor. Se deci-
di6 abordar un planeamiento virtual preoperatorio a partir de una
resonancia previa a la cirugia inicial. En ese estudio de diagnéstico
por imagenes, se evidencié la lesion de partes blandas en contacto
con las costillas 8.4,9.2y 10.2 (fig. 1A). Se reconstruy0 la lesién vir-
tualmente en una tomografia nueva realizada en el mismo dia de la
cirugia (fig. 1B). Utilizando el sistema de navegacién intraoperato-
ria se llevé a cabo la reseccién oncolégica de la pared en bloque con
tejidos blandos, se resecaron 3 segmentos costales (fig. 1ICy D) y
se reconstruy6 con material de osteosintesis. La paciente present6
un postoperatorio sin complicaciones y se le dio el alta el sexto dia
postoperatorio.

Los tumores primarios de la pared toracica son neoplasias
infrecuentes que representan menos del 5% de todos los tumores
toracicos. Los 3 subtipos mas comunes son condrosarcomas, lipo-
sarcomas y fibrosarcomas. La adecuada reseccién quirtdrgica con
margenes de seguridad es critica para obtener los mejores resulta-
dos oncolégicos. El cirujano debe tener un amplio conocimiento de
los principios y diferentes métodos de reseccién y reconstruccién
de la pared toracica’.

La cirugia asistida por ordenador es un instrumento ya determi-
nado en la bibliografia como de gran relevancia a la hora de brindar
un apoyo tanto para la planificacién preoperatoria como para el
intraoperatorio, sobre todo en aquellos pacientes con enfermedad
oncolégica?.

En particular, con respecto a la navegacion intraoperatoria en
los tumores de pared tordcica, se utiliza para orientar al cirujano en
el espacio tridimensional durante la cirugia. Asi es guiado durante
el procedimiento, lo que hace posible una correspondencia entre
las imagenes adquiridas y procesadas previamente la cirugia y la
anatomia real del paciente?.

En este caso presentamos una situacién en particular de la cual,
hasta nuestro conocimiento, no existen reportes en la literatura. Se
hizo el acople de imagenes de una resonancia previa a la cirugia
inicial con imagenes de una tomografia posterior en la que la lesién
yano estaba (segln el antecedente quirtrgico). Esto permiti6 llevar
a cabo una cirugia oncolégicamente segura en una paciente con una
reconstruccioén virtual de la lesioén resecada con anterioridad.
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Biophysically Preconditioning Mesenchymal
Stem Cells Improves Treatment of
Ventilator-Induced Lung Injury

El precondicionamiento biofisico de las células madre
mesenquimales mejora el tratamiento del daiio pulmonar
inducido por ventilacion

Dear Editor:

Acute respiratory distress syndrome (ARDS) is still associated
with high mortality despite the considerable efforts devoted to
improving its treatment from the perspectives of basic science
and clinical research. Cell therapy was proposed as a poten-
tial new tool for treating ARDS and the results obtained so far
from preclinical research are encouraging.! Mesenchymal stem
(stromal) cells (MSCs) are particularly interesting for this appli-
cation, not because of their potential differentiation into lung
cell phenotypes, but because of their ability to release agents
(e.g., paracrine factors, microvesicles, mitochondria) with immu-
nomodulatory, anti-inflammatory and antimicrobial effects.24 The
promising results obtained using MSCs in animal and ex vivo human
lung ARDS models provided background to launch the first clini-
cal trials which have recently finished or are still in progress.”6
However, determining the technical details (e.g. cell origin and

preparation, administration procedure and dosage) to optimize
the potential therapeutic effects of MSCs in ARDS is still an open
issue.!

Preconditioning MSCs before their application to patients
could be relevant since it would pre-activate repair physiological
pathways in these cells. It is known that modifying the micro-
environment of MSCs modulates their paracrine signalling.” In
particular, MSCs sense and actively respond to their biophysical
microenvironment. For example, secretion of a wide range of cyto-
kines is regulated by the stiffness of MSCs microenvironment® and
stretching enhances angiogenic and anti-apoptotic capacities in
these cells.?'% The fact that MSCs exhibit such responses to biophy-
sical stimuli is particularly interesting for treating ARDS since cells
in the target organ are placed on microenvironments with dif-
ferent stiffness'! and undergo continuous mechanical stretching
owing to ventilation. Therefore, we hypothesized that preconditio-
ning MSCs by subjecting them to conditions realistically mimicking
the biophysical microenvironment in the lung would improve their
effectiveness in the treatment of ARDS. Here we describe a proof
of concept test of this hypothesis. The study (approved by the
Institutional Ethics Board) was carried out on a rat model (Spra-
gue Dawley, male, 200-300¢g) of ventilator-induced lung injury
(VILI). Specifically, we biophysically preconditioned MSCs by cul-
turing the cells on lung extracellular matrix (ECM) to expose
them to realistic biochemical and stiffness substrate cues and
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by simultaneously subjecting MSCs to cyclical stretch simulating
ventilation.

Lung-derived MSCs were obtained from Sprague Dawley rats!?
weighing 200-300 g and conventionally characterized by their cell
surface markers (CD29, CD44H, CD45, CD11b/c and CD90) and dif-
ferentiation capability (adipocytes, osteocytes and chondrocytes).
Moreover, 70-pm slices of lung ECM obtained by decellularizing
rat lungs'! were attached on the flexible membrane of computer-
controlled polydimethylsiloxane (PDMS) chip specifically designed
to subject cells to frequency- and amplitude-controlled dyna-
mic stretch by applying cyclical positive pressure underneath the
membrane.'? Subsequently, MSCs were mechanically preconditio-
ned by seeding them on the lung ECM slices and subjected to cyclic
stretch mimicking lung ventilation (20% amplitude, 12 cycles/min)
for 7 days. Additionally, non-preconditioned MSCs were cultured
in parallel in conventional flasks.

Both MSCs with/out preconditioning were used to treat VILI
induced in anesthetized, tracheostomized and paralyzed Sprague
Dawley rats initially subjected to baseline ventilation (7 mL/kg,
PEEP =3 cmH,0, 70 cycles/min, 21% O, ) and then subjected to inju-
rious ventilation (35 cmH,O inspiratory pressure, zero PEEP) until
achieving an increase of ~20% in respiratory elastance, which
would induce a relatively mild VILL'# Injurious ventilation time
was 103 4+ 18 min (m +SD), with no significant difference among
groups (P=.665, One Way ANOVA). After this time point, base-
line ventilation was resumed for 30 min and treatment with MSCs
was applied by femoral venous injection. To this end, rats with
VILI were randomly distributed into 3 treatment groups (N=8
each): vehicle, non-preconditioned MSCs and preconditioned MSCs
(4 x 108 cells/kg in 500 pL, in both cases). After treatment, the
rats were kept under baseline ventilation for 4h and then (end-
point) elastance was measured, bronchoalveolar lavage fluid (BALF)
was obtained from one lung for measuring total cell, neutrophil,
protein and inflammatory cytokines (TNF-a and CXCL2) concen-
trations, and the other lung was excised for assessing oedema by
its weight/dry ratio.!” A group of control rats (N=8) was maintai-
ned under initial ventilation (no VILI, no treatment) for the same
total time. MSCs engraftment in the lungs was assessed in addi-
tional VILI rats treated with fluorescently (PKH26) stained MSCs
with/out (N=6 each) preconditioning.

After a ~20% increase in elastance, established by protocol, only
preconditioned MSCs induced a significant recovery in elastance
(Fig. 1A; paired t-test). In VILI, lung oedema increased by 16% and
all the other 6 outcome variables augmented by more than 2-fold
(Fig. 1B), reflecting typical increase in alveolar-capillary membrane
permeability and inflammation. The statistical significance of the
overall effect of VILI treatment with MSCs was assessed by con-
ducting a rank-ANOVA to the sum of the 6 outcome variables after
applying a normal standardization (Fig. 1B). The novel and rele-
vant result of this study, which confirms our hypothesis, was that
biophysically preconditioned MSCs were more effective than non-
preconditioned MSCs in reducing VILL In fact, while the effect of
non-preconditioned MSCs was low, preconditioned MSCs achie-
ved a significant recovery from VILI (Fig. 1B). This improvement in
treatment was not associated with a significant difference in MSCs
engraftment into the lungs (P=.997, t-test).

This is the first study providing support to the novel notion
that biophysically preconditioning MSCs could optimize the the-
rapy in ARDS. However, like any proof of concept test, our study has
limitations since lung histology, gas exchange, systemic inflamma-
tion and repair mechanisms potentially involved (e.g. keratinocyte
growth factor'4) were not assessed. Notwithstanding, this work
opens a considerable number of important questions. Among the
more specific, whether the positive effects of biophysically precon-
ditioned MSCs we observed would be reproduced in a more severe
and long-term VILI model. More general questions include the
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Fig. 1. Biophysically preconditioned MSCs reduced VILI. (A) Time course of respi-
ratory elastance (relative to baseline value) in rats subjected to VILI and treated
with: vehicle (no-MSCs) (grey), non-preconditioned MSCs (blue) and preconditio-
ned MSCs (green). Red line corresponds to rats maintained with baseline ventilation
(no VILIinduction). *** Means P<.001 comparing elastance measured after 30 min of
injured ventilation (VILI) and after 4 h of treatment (END-POINT) with paired t-test.
(B)Fold changes measured at the END-POINT in lung oedema (white) and bronchoal-
veolar lavage fluid concentrations of proteins (green), total cells (red), neutrophils
(grey), TNF-a (blue) and CXCL2 (yellow), for control ventilation (CONTROL: no VILI
induction) and treatment with: VEHICLE (no-MSCs), non-preconditioned (NON-
PREC) MSCs and preconditioned (PREC) MSCs. Data are mean + SE. *** Means P<.001
in a rank-ANOVA to the sum of these 6 variables after applying a normal standardi-
zation.

comparison of the effects of preconditioning lung-derived vs bone
marrow-derived MSCs, or application of MSCs vs their supernatant,
extracellular vesicles or mRNAs. It would also be important to test
the effects of biophysically preconditioned MSCs on other experi-
mental one-hit or two-hit models of intra- and extra-pulmonary
ARDS (e.g. induced by LPS, bacterial lung infection, acid lavage,
intra-abdominal or systemic sepsis).

In conclusion, we believe that this study opens an avenue for
future research aimed at understanding the basic repair mecha-
nisms activated in MSCs by physiomimetic stimuli, with the
translational perspective towards the use of these cells as a tool
to improve the treatment of lung injury.
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Anesthetic Management of Montgomery T-tube m

Insertion Via Rigid Bronchoscopy for Subglottic =t
Complete Stenosis

Manejo de la anestesia durante la insercion del tubo en t
montgomery via broncoscopia rigida para el tratamiento de la
estenosis subglética completa

Dear Editor:

The Montgomery T-tube (hereinafter referred to as “T-tube”)is a
treatment option for tracheal stenosis.! The indications for T-tube
placement are typically temporary preoperative airway support,
postoperative surgical reconstruction, or as an alternative method
in case of surgical failure (restenosis or nonunion of anastomosis
after surgery).2 However, this approach has become an option for
patients with benign airway stenosis who are unsuitable or unwi-
lling to undergo surgery, as T-tube placement involves less trauma,
is lower risk, is well-tolerated, and allows surgical intervention in
cases of failure.>* During T-tube insertion, the airway must be sha-
red by a respiratory interventional physician and anesthesiologist,
and the use of various modes of mechanical ventilation can com-
plicate anesthetic management. There are few reports regarding
anesthetic management during T-tube insertion in patients with
complete tracheal stenosis (Myer-Cotton grade 4: occlusion).” We
describe 5 cases of T-tube insertion via rigid bronchoscopy (RB)
under general anesthesia with subglottic complete stenosis (Myer-
Cotton grade 4) and discuss their anesthetic management.

All patients provided written informed consent and the use of
clinical data was approved by the Institutional Review Boards of
Beijing Tiantan Hospital affiliated to Capital Medical University
(JS2013-007-02). Table 1 shows the characteristics of the patients.
All five patients refused to undergo surgery and chose T-tube pla-
cement (Fig. 1).

After intravenous administration of midazolam 0.03 mg/kg and
sufentanil 0.1-0.2 p.g/kg, the metal tracheotomy tube was replaced
with a 7# disposable plastic cuffed tube connected to a Bain’s cir-
cuitand attached to a capnometer sampler. Anesthesia was induced
with sufentanil 0.1-0.2 pg/kg, etomidate 0.3 mg/kg, and cisatra-
curium 0.2mg/kg IV, maintained with propofol 4.5-6 mg/kg/h,
remifentanil 0.10-0.20 pg/kg/min, sufentanil and cisatracurium as
required. BIS was maintained 40-60 during operation. After induc-
tion of anesthesia, an RB was placed. In cases 2-5, the guide wire
passed through the stenosis via RB. Balloon dilators were inserted
along the wire to the stenosis segment, and then dilatations were
performed. In Case 1, the guide wire was unable to pass through
the stenosis via RB because of occlusion. After removal of the tra-
cheotomy tube, the jugular vein needle was passed retrograde from
the tracheotomy hole through the stenosis toward the cephalad
direction. The guide wire was then placed through the needle.
During this process, if SPO, fell to 85%, the needle was removed
and the tracheotomy tube was applied for ventilation until SPO,
returned to 100%. After the guide wire could be observed via RB,
the needle was removed; then, the balloon dilator, electro caute-
rizer, and forceps were inserted via RB along the wire to relieve
stenosis. The balloon dilator (No. 5842, Boston Scientific, diame-
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