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Abstract

Purpose of Review Video-assisted thoracoscopic surgery (VATS) and robotic-assisted thoracoscopic surgery (RATS) are used
for anatomic resection of early stage cancer. These surgical techniques require the use of one-lung ventilation (OLV). Dur-
ing OLYV, an obligatory intrapulmonary shunt may produce hypoxemia. One method to correct hypoxemia is with the use of
continuous positive airway pressure (CPAP). This review focuses on 1) the lung physiology of OLV; 2) application of CPAP
in VATS or RATS during supine and lateral position; and 3) the application of CPAP in COVID-19 patients during OLV.
Recent Findings Studies have shown the beneficial effects of CPAP to improve oxygenation during OLV while the patient is
in the lateral decubitus position. In contrast, studies have shown no benefit on improving oxygenation with CPAP in patients
undergoing OLV in supine position.

Summary The application of CPAP to the non-dependent lung is one of the options to treat hypoxemia during VATS or RATS.

Keywords Video-assisted thoracoscopic surgery (VATS) - Robotic-assisted thoracoscopic surgery (RATS) - Hypoxemia -

One-lung ventilation (OLV) - Continuous positive airway pressure (CPAP) - Lung isolation techniques

Introduction

Video-assisted thoracoscopic surgery (VATS) has become
the most common minimally invasive approach for anatomic
resection of early-stage lung cancer worldwide [1]. VATS
allows for smaller incisions with fewer chest wall traumas
and less impact on respiratory mechanics, which has been
shown to result in shorter hospital length of stay (LOS),
lower rates of pulmonary complications and less postop-
erative pain when compared with thoracotomy [2]. In addi-
tion, with the introduction of the robotic DaVinci technol-
ogy, robotic video-assisted thoracoscopic surgery (RATS)
has become a popular technique in recent years to perform
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lobectomies or segmentectomies [3]. Robotic lobectomy
uses a completely port-based approach, which is considered
the least invasive technology [2—4].

At the present time, many thoracic surgical procedures
are performed as a VATS or RATS which requires the use
of one-lung ventilation (OLV) with the associated deleteri-
ous impairment on oxygenation [5e]. One method to cor-
rect hypoxemia and maintain oxygenation is with the use of
continuous positive airway pressure (CPAP) during OLV.
This review focuses on the following: 1) the lung physiology
during OLYV, 2) the use of CPAP during supine and lateral
decubitus position, in VATS or RATS, 3) the application of
CPAP in COVID-19 patients undergoing OLV, and 4) an
update on and recommendations for the use of CPAP as an
alternative to treat hypoxemia during OLV.

Lung Physiology of One-Lung Ventilation

One-lung ventilation (OLV) is required in patients under-
going minimally invasive thoracic surgery such as VATS
or RATS in order to facilitate surgical exposure. The vast
majority of these patients are operated on in a lateral decu-
bitus position and very few surgical procedures are done in a
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supine position. During OLV, an obligatory intrapulmonary
shunt may produce hypoxemia because of collapse of the
non-dependent lung and the presence of atelectatic areas in
the dependent lung due in part to the weight of the mediasti-
num and the effect that it produces on reducing tidal volume
and functional residual capacity on the dependent lung [6].

Hypoxemia during OLV is diagnosed by a decrease in
oxygen saturation (SPO,) measured by a pulse oximetry to
less than 88-90%, usually these episodes can be transient
and usually last a few minutes. In addition, hypoxemia is
diagnosed if an arterial oxygen tension (PaO,) is less then
60 mm Hg when the patient is being ventilated at an inspired
oxygen fraction (FiO,) of 100%. Episodes of hypoxemia dur-
ing OLV in VATS or RATS can be detrimental in patients
with severe chronic obstructive pulmonary disease or
patients with severe history of coronary artery disease [6].

When hypoxemia occurs during OLV, this phenomenon
triggers a direct effect on pulmonary vessels due to a low
regional partial pressure of alveolar oxygen and activates
what is known as hypoxic pulmonary vasoconstriction
(HPV) which is considered an auto regulatory mechanism
that will decrease the shunt fraction by diverting the pulmo-
nary blood flow to the dependent lung [5Se, 7].

Factors that Predict Hypoxemia During OLV
in VATS or RATS

A number of factors may predict which patients are most
likely to develop hypoxemia during OLV undergoing VATS
or RATS. Patients requiring a right-sided surgery where
right lung collapse occurs while left-sided lung ventilation
is maintained, in one study [8] it was reported a difference in
PaO, of 110 mm Hg (280 versus 170 mm Hg) in PaO, when
right and left lungs were ventilated with a FiO, of 100%
during OLV. The potential explanation is because the right
lung is approximately 10% larger than the left lung there is
a better oxygenation during left VATS or RATS than right-
sided minimally invasive surgery.

Another factor that might predict hypoxemia during
VATS or RATS includes the percentage of forced expira-
tory volume in seconds (FEV): an inverse correlation exists
between the FEV, and PaO,. For example, patients who have
severe chronic obstructive pulmonary disease may develop
auto positive end expiratory pressure (PEEP). The air trap-
ping which occurs at the end of expiration appears to reduce
atelectasis and, in the meantime, preserve oxygenation.

In addition, decreased values of PaO, intraoperatively
during two-lung ventilation in a lateral decubitus posi-
tion. An interesting study [8] involving lung perfusion
studies prior to the surgical procedures demonstrated that
the nonventilated and collapsed lung is more impaired in

patients undergoing major thoracic surgical procedure
such as pneumonectomy or lobectomy than in patients
with solitary lung nodes requiring lung biopsy under
VATS. A potential explanation is that patients with small
tumors with solitary nodes have more perfusion to the
non-dependent or operated lung particularly during OLV
and probably will experience more transient episodes
of hypoxemia in contrast to the large central tumors in
patients undergoing pneumonectomy that twill have less
perfusion to the non-dependent lung and more perfusion to
the dependent and ventilated lung during OLV; therefore,
oxygenation can be maintained.

Another factor to consider during VATS or RATS is the
patient’s operative position, since gravity is a major deter-
minant of shunt fraction and perfusion. Studies [9] have
shown that the PaO, was significantly higher in the group
of patients operated in the lateral position undergoing OLV
when compared to the group of patients operated on in a
supine position. Patients operated in a lateral decubitus
position, gravity will augment the redistribution of perfu-
sion to the ventilated lung, in improving and maintaining
oxygenation to some degree.

Hypoxemia during OLV is caused by venous and
admixture through shunts and areas of low V/Q gas-
exchanging units [10]. Studies on the animal model [11]
have demonstrated that the maximal HPV response dur-
ing OLV decreases the pulmonary blood flow to the non-
dependent or operated lung by 50%. The amount of shunt
fraction during OLV can range from approximately 20 to
40% of the total cardiac output. Factors that can modify
the HPV response during OLV in VATS or RATS surgery
include the hemodynamic and respiratory changes includ-
ing severe hypotension, hypocapnia, the presence of severe
chronic obstructive pulmonary disease and in some degree
the anesthetic agents used [5e].

In a lateral decubitus position when both lungs are
being ventilated, the proportion of the pulmonary blood
flow is distributed as follows: the dependent lung receives
approximately 60% of the pulmonary blood flow (more
perfusion) whereas the non-dependent lung receives only
40% of the total pulmonary blood flow. When OLV is
required, the non-dependent and collapsed lung becomes
atelectatic. Because the alveolar oxygen tension decrease
hypoxia sets in and HPV is activated, in which the blood
flow is diverted towards the dependent lung, under these
conditions the non-dependent lung receives approximately
20% of the total pulmonary blood flow and the dependent
lung will receive 80% of the total pulmonary blood flow
under stable physiological conditions such as normoten-
sion, normocapnia and nomothermia. Figure 1 displays
the redistribution of pulmonary blood flow in the lateral
decubitus position while both lungs are being ventilated.
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Fig.1 (A) The redistribution
of pulmonary blood flow in
the lateral decubitus position
while both lungs are being
ventilated. (B) The atelectatic
non-ventilated lung along
with the percentage of HPV
response. In addition, the
ventilated lung presents some
atelectatic areas at the base of
the lung during general anes-
thesia. With permission from
reference #5 Campos JH, Feider
A J Cardiothorac Vasc Anesth
2018;32:2330-2338

The Role of Continuous Positive Airway
Pressure in OLV

The application of CPAP to the non-ventilated lung during
OLV for thoracic surgery was first described by Capan et al.
[12], in 21 patients undergoing pulmonary resection via thor-
acotomy in lateral decubitus position. In this patient popula-
tion, CPAP applied to the non-ventilated lung at 10 cmH,0O
improved arterial PO, compared to OLV without CPAP to
the non-ventilated lung or OLV with positive end expira-
tory pressure (PEEP) applied to the ventilated or depend-
ent lung. A subsequent study by Slinger et al., improved
the technique by demonstrating that CPAP applied after an
alveolar recruitment was more effective than CPAP applied
to an atelectatic lung in treating intraoperative hypoxemia
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during OLV for thoracotomy [13]. Additional studies in the
following decade confirmed the effectiveness of CPAP in
OLV [14], demonstrating that levels of CPAP as low as 2
cmH,O improved arterial oxygenation [15].

During VATS or RATS after the hypoxemic event is
identified, the first intervention is to expand both lungs and
inspect the optimal position of the lung isolation device
[5e] (please refer to this reference for detailed information).
After the proper position is confirmed then the application of
CPAP to the non-dependent or collapsed lung is one of the
options to treat hypoxemia during OLV in VATS or RATS
surgeries. CPAP with oxygen to the non-ventilated lung is a
reliable method to improve PaO, during OLV. CPAP should
be applied to an inflated (recruited) lung to be completely
effective. The opening pressure of atelectatic lung regions
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is greater than 20 cm H,0 and the units will not be recruited
by simple application of CPAP levels of 5 to 10 cm H,O.
When CPAP is applied to an inflated lung, levels of CPAP
as low as 1 to 2 cm H,O can be used. Because the normal
transpulmonary pressure of the lung at functional residual
capacity is approximately 5 cm H,0, levels of 5 to 10 cm
H,O CPAP applied to a fully recruited lung results in a large-
volume lung that impedes surgery particularly during mini-
mally invasive procedures. Lower FiO, levels of CPAP are
clinically beneficial and can be titrated to the ventilated lung
in patients at risk of oxygen toxicity in VATS or RATS by
using an air/oxygen blender regulator [16, 17].

There are various anesthetic systems to apply CPAP to
the non-ventilated lung. Essentially the system consists of
a CPAP valve, oxygen source and reservoir bag. One com-
mercially available CPAP system is the Mallinckrodt®
CPAP system (Fig. 2). CPAP application, even when prop-
erly administered, is not completely reliable to improve
oxygenation during OLV, i.e., when the bronchus is open
to atmosphere (bronchopleural fistula or endobronchial sur-
gery). Also, in VATS or RATS where access to operative
hemithorax is limited CPAP can significantly interfere with
surgery.

CPAP has traditionally been used to treat hypoxemia
because of the obligatory shunt developed by the non-
dependent (collapsed) lung. Application of CPAP has been
suggested in the deflation phase of tidal volume (V) breath.
CPAP is thought to improve oxygenation by a passive
mechanism (uptake of oxygen by the alveoli with continu-
ous oxygen administration). It is recommended to start with
5 cm H,0O CPAP and progressively increase to no more than
10 cm H,O. For CPAP to work, it must be applied to an at
least partially re-expanded lung before it is adjusted to the
desired volume [18]. A Mallinckrodt® CPAP system can be

Fig.2 Mallinckrodt® continuous positive airway pressure system
attached to a center channel of a bronchial blocker

used by attaching the circuit to one of the limb connectors
of the double-lumen endotracheal tube (DLT) or the center
channel of the bronchial blocker. Figure 2 shows a CPAP cir-
cuit attached to a center channel of a bronchial blocker. The
beneficial effect of CPAP is primarily due to oxygen uptake
from the non-ventilated lung, not to blood flow diversion to
the ventilated lung.

Application of Continuous Positive Airway
Pressure During Supine or Lateral Decubitus
Position

One-lung ventilation in the supine position spans a number
of clinical indications such as anterior mediastinum, and
in addition cardiac procedures including surgical ablation
of atrial fibrillation by VATS [19, 20]. OLV in the supine
position presents an additional management challenge due to
the effects of gravity on shunt fraction (Qs/Qt) and perfusion
[9]. Hypoxemia during OLV in the supine position is more
frequent and more severe compared with OLV in the lateral
decubitus position or semi lateral position [9, 21].

The effects of CPAP on the non-ventilated lung on oxy-
gen delivery (DO,) during OLV for surgical ablation of
atrial fibrillation via a VATS in the supine position have
been reported [22e¢]. In this prospective, randomized study,
the authors evaluated the use of CPAP in the supine position.
One group of patients (n=9) received 10 cm H,O of CPAP
to the non-ventilated lung during OLV, the comparative
group received no CPAP. Groups underwent to capnothorax
(10 cm H,0) during OLV and were managed with standard-
ized ventilation strategies. In their study of 22 patients, the
authors reported that CPAP applied to the non-ventilated
lung in 9 patients did not improve DO,. Cardiac index simi-
larly increased over the course of the data collection period
during surgery for both groups. Qs/Qt and mean pulmonary
artery pressure increased during OLV compared with initial
two-lung ventilation and remained elevated after resump-
tion of two-lung ventilation, but there were no significant
differences between the two groups studied. In particular,
decrease of Qs/Qt was not observed with the application of
CPAP during OLV with capnothorax. Based on these find-
ings, the authors concluded that CPAP of the non-ventilated
lung was ineffective in reducing Qs/Qt during OLV in the
supine position. In the current state of evidence, the role of
CPAP in OLV during surgery in the supine position remains
to be fully elucidated [23].

The effectiveness of CPAP on the non-dependent lung
during OLV in the lateral decubitus position is augmented
when CPAP is applied after an alveolar recruitment maneu-
ver compared to a complete atelectatic lung [18]. Alveolar
recruitment is an effective maneuver that reverts alveolar
collapse by increasing the transpulmonary pressure. In
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contrast to CPAP, PEEP during OLV by adding alveo-
lar recruitment maneuvers and resting functional residual
capacity improved arterial oxygenation and ventilatory
efficiency during VATS requiring OLV in the supine posi-
tion. In a prospective, randomized study [19], involving 92
patients undergoing supine VATS for mediastinal procedure,
the subjects were divided into two groups; a control group
received no PEEP and no alveolar recruitment maneuvers
during OLYV, and in contrast the study group received an
alveolar recruitment maneuvers prior to OLV and applica-
tion of PEEP 8 cm H,O to the dependent lung during OLV.
Results showed that the PaO, increased with the applica-
tion of PEEP and alveolar recruitment maneuvers in patients
undergoing VATS with capnothorax in patients operated in
the supine position. This alternative method has shown ben-
eficial effects in order to improve oxygenation in VATS with
patients in the supine position.

The Application of Continuous
Positive Airway Pressure with the Use
of the Bronchial Blocker

The use of the bronchial blockers has been reported [24]
in 45 patients undergoing esophageal tumor surgery using
VATS with right-sided lung deflation. This study showed
that bronchial blockers are effective alternative for left-OLV
with right VATS. Previous studies [17] have shown that the
application of CPAP during selective or total lung collapse
improves arterial oxygenation during OLV.

The application of CPAP with the use of the bronchial
blocker is a different alternative to maintain and improve
oxygenation during VATS and OLV [25, 26]. With the use of
the bronchial blocker (such as Arndt®, Cohen®, Fuji-Uni-
blocker® and EZ-blocker®), CPAP can easily be applied by
using the center channel of the bronchial blocker and adapt-
ing a Mallinckrodt® system while applying 5 L of oxygen
[27]. Anesthesiologists infrequently apply CPAP through the
center channel of a bronchial blocker because of concerns
about lung reinflation. This concern of lung reinflation may
be due to improper CPAP application during lung isolation
with a bronchial blocker. Lung deflation through a bron-
chial blocker takes longer than with a DLT due in part to
the smaller luminal diameter of the endobronchial blocker.

In a case report [25], the authors recommend that CPAP
should not be applied until lung collapse has occurred. The
application of CPAP immediately after lung isolation with
a bronchial blocker inhibits timely deflation of the lung and
makes the VATS and RATS challenging. Clear and direct
communication with the surgeon is crucial to coordinate the
management of hypoxemia while CPAP is in use and surgery
still is in progress.

@ Springer

The Role of Continuous Positive Airway
Pressure During OLV in VATS

It is worthwhile to note that the studies that established the
technique of CPAP on the non-ventilated lung during OLV
[12-15] were conducted prior to the widespread adoption
of VATS surgery. In contrast to thoracotomy, VATS intro-
duces an additional challenge of surgical exposure due to
limited access to the operative field. Effective lung isola-
tion and maximal lung collapse is even more important
in VATS compared to thoracotomy, and any inflation of
the operative lung can impede surgical progress [28]. It
is a common conception that CPAP applied to the non-
ventilated lung in OLV for VATS is likely to disrupt surgi-
cal visualization, to the extent that some experts consider
CPAP on the non-ventilated lung contraindicated in VATS
[29, 30]. This belief may have also influenced the design
of some studies that investigated the effectiveness of CPAP
in VATS as the study designs avoided an alveolar recruit-
ment maneuver prior to application of CPAP [31, 32].
Evidence to support the negative effect of CPAP on surgi-
cal visualization is mixed: impediment of surgical expo-
sure has been reported in some studies [32] and refuted in
others [25, 33]. As an alternative to CPAP, some authors
have reported effective interventions for hypoxemia dur-
ing VATS, such as apneic oxygen insufflation of the non-
ventilated lung [34], high frequency jet ventilation [33],
differential ventilation of the non-ventilated lung [31], and
selective lobar oxygen insufflation of the non-ventilated
lung using the suction/insufflation channel of the fiberoptic
bronchoscope [35]. A summary of selected studies inves-
tigating CPAP during OLV in VATS is shown in Table 1.

Does Continuous Positive Airway Pressure
Impede Surgical Exposure During VATS?

Reported empiric experience suggests that CPAP applied
at 5-10 cm H,O to the non-ventilated lung in VATS
impedes visualization of the operative field [28]. There
is also empiric support that CPAP can be applied to the
non-ventilated lung in VATS without impeding surgical
exposure [25]. Evidence investigating the quality of surgi-
cal visualization and degree of CPAP applied is limited.
In a study of CPAP applied at 5 cm H,O to the non-venti-
lated lung in thoracoscopic esophagectomy, interruption
of surgical visualization was observed in nearly one-third
of patients (9 out of 30). Notably, in this study, alveo-
lar recruitment prior to application of CPAP to the non-
ventilated lung was specifically avoided due to concerns
regarding disruption of surgical exposure [32]. One study



451

Current Anesthesiology Reports (2021) 11:446-456

cgI=u
ugisop AdddH dnoi3
IOA0-SSOID) ueyp qreos dvdD I0A0
Aniqe dvdD Soeue -AddAH ~ -sso1)
-Z1[eJouas Pim [ensIA uo Sun| GI=u paznuop
jwI Apmis  19)39q sem pajeruon  Suny paje| paren S Og 10} dnoi3 -UBI QAT K1931ms
ur papnjout uonezife -BZI[ENSIA -UoAUOU -UoAUOU O‘Hwd AddIH -oadsoxd remord 10
suonjerodo  -nsia pay ‘od prey oy pordde o) porjdde 0¢€ Yeaddq snIqnoap -dvdD 191u0  Sunj ordoos [g€]
josadA],  eanerdp [euRly  oanerddp AdddH dvdD QUON 0} uonepguyg C [e1)e] QE=Uu[elo], J[3urs -0orIoy [, ueye]-19
XeIOUJIuy
aaperedo dvdd  (O'Hwo)
SOWOo9IN0 QWOooINO uon Joj uon o) Jorid uon dvdD uonisod ugisop
SuOBIWIT SINSAI A3y  ATepuodss Krewrtig -UQAIU] [onuo) -epgnsuf  -epur Sun| JO [oA9T jueneq ozis opdureg Apms K1331ng sroyny

K1931ns 51doosooeIoy) pAlsIsse-09pIA ul aInssaid Aemare aanIsod snonunuod Jo asn Ay} Jo SApnIS | d|qel

pringer

A's



Current Anesthesiology Reports (2021) 11:446-456

452

Aqe
-ZI[e1ouad
R
(yoeoidde
A[uo poprs
-y3u) odKy
uonerado
o[surg
uonezie (Keys
-NSIA POy Jo y33u9p
[eo131ns 0) ‘eruowr
onp dnoi3 -noud
dvdo ut )
sjuoned g SAWO9INO
ur pesned  [earUId IO

10 penun S9[qeLIBA
-uodsIp K10}
dvdD “e[uaA
sjnsax Jorureu
Jo Apiqes -Kpoway
-1idde 1eo ur 90U
-Tutpo g ~Iojj1p ON
Kew (O Jo S[A9]
G) Awojoo Qun0)Ad
-eI0Y) 0} wnos
UOISIOAUOD ur 90u9
Joary  -I9PIp ON
dvdD Suny
ojoud  paremnuoa (g-uny gI=u Awoy
pauiojrad -uou ) -N[IU dnoi3  poronuod -0a3eydoso
jou (uon Ul STOA9[ JADERID Suny dVdD ON  poziwop ordoos
-egur 3uny) Qunyolko -doysod)  Juny paye| paje[n gI=u -UeI AT} -orede|
JIoAnouRW [eo0] BIu uononpar -IUIAUOU -UQAUOU dnoi3 -oadsoxd -0oe10y)
JUAUNINIOAT paonpaz -ownaud aunjojko o) pardde 03 pardde poy sSnIqnooap dvdD I19)Ud0 pajsisse [zel
TB[OQATY dvdD Armeuowng Areuowng dvdD dVdDON  -1oadsjoN QUON G [RIR[ YT (OE=U[eI0], 9[3uIg -o10qoy 3eUIOA
XeIOU)TWY
saperado dvdd  (O'Hwo)
SOW00INO QW00 uon loj uon 03 Jord uon dvdD uonisod uSisop
SuoBIWIT SINSAI A3y  AIepuodss Krewrtig ~UoAIU] [onuo) -epgnsuy  -epur Sun JO [oA9] juaneq ozis o[dweg Apmg

il
[
o0
g
K1331g sroyny g,
b7
Sl

(ponunuoo) | sjqey



453

Current Anesthesiology Reports (2021) 11:446-456

K1331ns 91d0os0oBIOY) PIISISSE-09PIA S IVA ‘Uone[ruaa ainssaid aantsod Aouanbaij-ySmy AgJ H ‘“@mssaxd Aemire aanisod snonunuod Jvdo

sdnoi3
dVvdD ON
pue dvdD
Aypiqe uaaMmIq
-ZI[e1oua3 junys
JTUI] SINp Kreuowt
-9001d ATuo -ndenur
papIs WS 10 “xaput 00/50)
pue uon OBIpIEd junys cr=u (SIVA
-1sod ourdng Cod Areuowr dnoi3  poqonuoo Y3 uone|
yoeoxdde [eLIo)IEe -ndenur Suny dVdD ON  poziwop  -[lqy [eLie
[eo131ns ur “oq ur Xopur 3unj pare| pare[n 6=u -UBIQAI)  IOJ UOnR[qE
A3ueyd> 0}  QOUAIRYIP oeIpIed (A1oAT]9p -UOAUOU -UoAUOU Xel dnoi3 -0adsoxd [eo13is
anp paro JuBROYIU “0d uagAxo)  ojperdde  oypordde  -oyoudes poy dvdD I9JUQD QAISBAUL [ezT]
-modropup) -31s ON [eLY ‘oa dvdD dVdDON O‘Hwo Q] -10adsjoN 01 surdng gz=u[el0L Q[durg  Ajrewury enboy, ]
amsodxa
Py
[eo131ns
Ul 90UQI3)
-Iojur ou
Sse popeid
syuoned (O%Hwo
1SON 01 2Ins
ugisop dvdD -saxd yead
19A0-sS0ID  PIM ATTO T 0S gI=u
dvdD 03 pored pIoY Qwnjoa JSIY uomn
oytoud  -wod uon [eo13ns epn ‘0’1 -B[NUAA
pourioyrod -eud3Axo Jo uon ‘o1 ‘o 3unj[en)  IOAO-SSOID
jou (uomn [eLIo)IR -enyeAd -utwr 1ad Suny -UQIOPI  PozZIWop Awo0309qo[
-egur Sun[)  pasearour Suoadns syreaIq paremn GI=u -UBI 9AT} o1doos
JoAnoueBw uonem ‘syuouwr {) uonemn -UdAUOU dnoi3 -0adsoxd -ooe10y)
JUSUNINIOAT  -U2A 3un| -oInseaw %0d  -uea Suny 03 pardde sSn)IqNOOp 18IY V4D I9JUQD pajsisse [1€]
Je[odAY  [enuareylq Answondg [BLIOMY  [eNUAIOPI] dvdD QUON QuoN S [eIole] (QE=U [®I0], J[3uIg 09pIA Jowary]
XeJOUYIIay
oanerodo avdd  (O‘Hwo)
SOWOo9IN0 QWooINO uon Joj uon o) Jotid uorn dvdD uonisod ug1sop
SUOTBIWIT SINSAI A9y  AIepuodss Krewrtig ~UQAIIU] [onuo) -epgnsuy  -epur Sun| JO [oA9 ] juaneq ozis oidureg Apms K1331ng sloyny

(ponunuoo) | sjqey

pringer

A's



454

Current Anesthesiology Reports (2021) 11:446-456

that demonstrated good surgical field visualization with
CPAP applied at 2 cmH,O to the non-ventilated lung after
an alveolar recruitment maneuver included only relatively
peripheral operations in the chest (e.g., bleb resection,
bullectomy, pleurectomy, pleurodesis, pleural biopsy, and
transthoracic sympathectomy) [36]. Generalization of such
a study to other thoracoscopic operations that require reli-
able visualization of central structures for hilar dissection
(e.g., lobectomy) is likely to be limited.

Application of CPAP in Robotic-Assisted
Thoracoscopic Surgery

In addition to cardiovascular and pulmonary considerations
related to VATS, RATS can introduce additional challenges
due to insufflation of the hemithorax with carbon dioxide to
facilitate surgical exposure and enhance visualization. Insuf-
flation is instituted and maintained at a low pressure (less
than 15 mmHg) to minimize hemodynamic perturbations;
however, lung perfusion and physiology can be affected [37,
38]. Capnothorax at 10 or 15 cm H,O has been shown to
reduce cardiac index during OLV in VATS, hypothesized to
be due to decreased venous return caused by the increased
intrathoracic pressure (tension pneumothorax physiology)
[39].

Furthermore, application of CPAP to the operative lung
in the presence of insufflation of the hemithorax in RATS is
likely to be less effective. In order to overcome the intratho-
racic pressure from insufflation, the level of CPAP used may
need to be increased.

The Application of Continuous Positive
Airway Pressure for COVID-19 Patients

The COVID-19 pandemic has changed the delivery of sur-
gical care for thoracic malignancies and other urgent and
elective procedures. The Society of Thoracic Surgeons and
other societies have developed guidelines to manage these
patients [40, 41e].

The most ideal lung isolation device to use in patients
with known or suspected COVID-19 is the one that is most
indicated for the specific clinical setting and for which the
anesthesiologist is most familiar. A negative/neutral pres-
sure operating room is preferred, and appropriate protective
equipment should be worn by all operating room personnel.
For bronchoscopy examination in order to confirm the opti-
mal placement of lung isolation device a disposable fiber-
optic bronchoscope is recommended [40].

One of the challenges for COVID-19 patients is to treat
hypoxemia during OLV with CPAP to the non-ventilated
non-dependent lung. A recommendation from the Australian
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and New Zealand Cardiothoracic Surgeons and Anesthesi-
ologists [41e] recommends the use of high efficiency partic-
ulate air (HEPA) filter to protect against aerosol generating
procedures such as the application of CPAP. A HEPA filter
can be attached to a CPAP adapter or the 15 mm connec-
tor from a 3.0 ETT fitted to the proximal end to achieve
appropriate airborne precautions without limiting deflation
of the operative lung. Figure 3 displays the use of HEPA
filter along with the Mallinckrodt® system to safely apply
CPAP to a COVID-19 positive patient.

Future Areas of Research

Potential areas of research could include measuring the
inflammatory response to the application of CPAP to the
non-ventilated lung, along with lung injury due to potential
interference with surgery in VATS or RATS. Another area
of interest could include the unbiased assessment of lung
collapse quality by a thoracic surgeon while different levels
of CPAP are applied during VATS or RATS.

Summary

Studies clearly have shown an improvement on PaO, and
maintaining oxygenation during the application of CPAP
to the non-dependent and collapsed lung during OLV for
VATS or RATS while the patient is operated on in lateral
decubitus position. At the present time, the use of CPAP
for VATS in a supine position is not recommended and
finally for a COVID-19-positive patient who requires OLV

Fig.3 A Mallinckrodt® continuous positive airway pressure (CPAP)
system attached to a HEPA filter to protect against aerosol spread
contamination



Current Anesthesiology Reports (2021) 11:446-456

455

and needs CPAP a HEPA filter is recommended to prevent
aerosol spread.
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