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Abstract

Purpose: To report on the use of outpatient anesthesia (OPA) facilitating delivery of stereotactic body radiation therapy (SBRT) in
patients with severe cognitive impairments (CI) diagnosed with inoperable early stage lung cancer.

Methods and Materials: We surveyed our institutional review board—approved prospective lung SBRT data registry to document the
feasibility of using anesthesia in CI patients and to determine their SBRT outcomes.

Results: From 2004 to 2018, 8 from a total 2084 patients were identified for this analysis. The median age at treatment was 68 years
(range, 44-78). Most patients were female (62.5%). CI diagnoses included Alzheimer-related dementia (3 patients), chronic
schizophrenia (3 patients), severe anxiety disorder (1 patient), and severe developmental disability (1 patient). The median tumor
size was 3.4 cm (range, 1.1-10.5), and 7 patients (87.5 %) had central lesions. The median follow-up time was 22.5 months. The
most common (50%) SBRT schedule used was 50 Gy in 5 fractions. Intravenous propofol (10 mg/mL) was used for OPA in all
cases at the time of simulation and with daily treatments. OPA was well tolerated and all patients completed SBRT as prescribed.
There was one grade 5 but no other grade 3 or higher SBRT-related toxicities. One patient died with local failure and one of distant
failure.

Conclusions: OPA made lung SBRT feasible for patients with CIs. SBRT outcomes were in keeping with those reported in the
literature. CI should not be considered a contraindication per se to SBRT delivery in patients otherwise appropriate for this
modality.

© 2019 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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considered inoperable owing to their medical comorbid-
ities." A broad range of studies, including randomized
trials showing its superiority compared with conventional
fractionated radiation therapy, has shown that it provides
excellent cancer control with minimal treatment-related
toxicities.' ™

To ensure accurate delivery of very high doses to a
target in the lung while avoiding normal structures, SBRT
requires rigid patient immobilization, means of respiratory
motion management and analysis, and daily image guid-
ance for treatment verification.” In addition, patients un-
dergoing SBRT must have the necessary physical and
mental competencies to participate in complex processes
that may extend over long periods of time. For example,
patients may be expected to lie still for lengthy periods in
body molds while tolerating restricted breathing due to
external abdominal compression and do this without
becoming agitated or uncooperative.

Patients unable to participate fully and voluntarily in
their care therefore present a difficult clinical problem
because the ability to deliver safe and effective radiation
becomes compromised.® That is why children often pre-
sent special concerns as a function of their age while
undergoing radiation therapy.’"* For children who cannot
be safely or repeatedly immobilized on their own, anes-
thesia or sedation can be used to sedate them for both
simulation and each subsequent treatment.”” The feasi-
bility and safety of general anesthesia or sedation given to
children for the purposes of daily radiation therapy is well
documented in the literature. For example, the use of
anesthesia to support cranial radiosurgery in the pediatric
population is well established.”'”

In contrast to the pediatric literature, there are few
clinical reports on the appropriateness of anesthesia in
adults undergoing radiation therapy. In addition to its
recommended use for combative or confused patients,’
other relevant clinical scenarios where sedation might
play a role could include severe pain syndromes, claus-
trophobia, chronic anxiety disorders, or advanced neuro-
muscular disabilities. In view of the paucity of such
reports the aim of the present study was to present our
institutional experience in treating otherwise clinically
stable patients with early stage inoperable lung cancer
who had cognitive impairments (CIs) that compromised
their ability to tolerate the routine procedures and pro-
cesses associated with lung SBRT and that then necessi-
tated the use of outpatient anesthesia (OPA).

Methods

For this retrospective review, we surveyed our insti-
tutional review board—approved SBRT prospective reg-
istry from April 2004 until December 2018 for any

American Joint Committee on Cancer, seventh edition,”
early-stage lung cancer patients requiring anesthesia or
sedation at the time of treatment. All patients had been
judged as medically inoperable by an experienced
thoracic surgeon, or within the setting of the institutional
multidisciplinary thoracic tumor board. All patients were
staged with computed tomography (CT) scans of the chest
and positron emission tomography (PET). Imaging of the
brain (by magnetic resonance imaging or CT) was carried
out at the discretion of the treating physician on the basis
of patient- or tumor-specific factors. If the PET imaging
showed no mediastinal nodal hypermetabolic activity,
mediastinoscopy or bronchoscope-guided ultrasound
nodal sampling were not required. As per previously
published practice,'>'® patients with nonbiopsied or
nontissue-typed but highly PET-avid lung lesions that had
demonstrated growth on serial CT imaging of the chest
were labeled as clinical or radiographic early stage ma-
lignancy and were treated with lung SBRT.

Pretreatment evaluation included a complete history
and physical examination and after that assessment
anesthesia would be recommended for those patients who
displayed severe cognitive or psychologic disturbances
that were not compatible with safe execution of lung
SBRT processes. The anesthesia records relevant to each
patient were also reviewed for this analysis. Figure 1
describes our institutional flowchart in carrying out
OPA-based lung SBRT. All patients had an anesthesi-
ology consult before using OPA for SBRT and all treat-
ments were initiated, administered, and monitored on site
in the radiation oncology department by the anesthesia
team. OPA consisted of propofol, 10 mg/mL-based
intravenous (IV) sedation regimen in all cases. The pa-
tient was sedated at the time of simulation and then daily
before treatment. Patient respiratory status was monitored
and controlled throughout by the attending anesthetist.
Patients were recovered postanesthesia in the department
and discharged home the same day. No major in-
terventions such as telemetry or bladder catheterization
were required.

At the time of simulation, immobilization involved a
vacuum bag restriction system (Bodyfix, Medical Intelli-
gence Inc, Montreal, Quebec, Canada). Tumor motion
management in all cases involved application of an
abdominal compression device designed to limit the
maximum range of tumor motion to <1 cm in all di-
rections. Thereafter, confirmatory 4-dimensional CT
simulation with a Philips (Philips Health care, Andover,
MA) bellows device was carried out. Treatment planning
was carried out with BrainLAB planning software until
2013 and then with Pinnacle-based software. Following
Radiation Therapy Oncology Group lung SBRT protocol
definitions,'* individualized gross tumor volumes and
internal target volumes were created from CT simulation
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Pt identified for SBRT & OPA

1. RO CNP contacts anesthesia
service/consult request; &

2. MD drafts simulation request

Simulation request w/ special
instructions:

1. OPA case
2. NPO at simulation and treatment

3. Dose/fractionation and start date
information to OPA LINAC

OPA & Simulation day

1. Nursing call before simulation w/
NPO teaching

2. First simulation of the day for OPA,
i.e., always in the a.m.

3. Anesthesia consult before
simulation

Figure 1

SBRT scheduling/treatment planning g

Daily SBRT
1. Anesthesia visit, OPA initiated

2. First treatment of the day on OPA
LINAC

3. Post OPA recovery w/ nursing

Flowchart for lung SBRT and OPA. Abbreviations: CNP = certified nurse practitioner; LINAC = linear accelerator; MD

= physician; NPO = nothing by mouth; OPA = outpatient anesthesia; Pt = patient; RO = radiation oncology; SBRT = stereotactic

body radiation therapy.

studies, with clinical target volumes not required for
planning. A 5-mm fixed expansion of the internal target
volumes generated the planning target volume in all cases.

Lung SBRT dose/fractionation selection for a given
patient was at the discretion of the treating physician and
reflected the treatment era, tumor location, and experience
derived from participation in clinical trials. A tumor’s
location was characterized as either peripheral or central
per the definitions of the Radiation Therapy Oncology
Group.'*

With respect to treatment platform, the majority of
patients were treated principally on Novalis-BrainLAB
systems (Varian Medical Systems Inc, Palo Alto, CA;
BrainLAB AG, Feldkirchen, Germany), and a Varian
Edge system (Varian Medical Systems Inc, Palo Alto,
CA) since 2013.

Results

Of 2084 patients treated with lung SBRT during the
interval of interest, 8 (0.4%) required OPA for their

treatment owing to a concurrent severe CI. The forms of
CI seen in this cohort were Alzheimer’s dementia
(37.5%), chronic schizophrenia requiring institutionali-
zation (37.5%), severe anxiety disorder (12.5%), and se-
vere mental disability from birth with permanent
tracheostomy (12.5%). All patients tolerated the sedation
process. One patient developed hypotension during his
initial sedation which was successfully managed and
subsequent OPA was administered without complications.
There were no unusual adverse reactions to the use of
OPA during treatment, which modified its use during
SBRT sessions, and no delayed complications were
observed. All patients were able to complete their courses
of SBRT without interruption.

Table 1 provides a summary of selected patient, tumor
and treatment characteristics. The majority of patients was
female (62.5%), the median age 68 years (range, 44-78),
and the median Karnofsky performance status 70 (range,
40-80). The median body mass index was 24 (range, 19.5-
27.7). Five patients (62.5%) completed spirometry:
median forced expiratory volume in 1 second (FEV,) was
1.34 L (range, 0.63-1.62) and 44% predicted (range, 24-
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Selected patient, tumor, and treatment characteristics of 8 medically inoperable NSCLC patients treated with SBRT and outpatient anesthesia

Table 1

AJCC 7th Tumor PET SBRT

Histology Central per

T (cm)

Smoking KPS BMI Previous lung Selected
at SBRT?

Sex Age at

Year of CI
SBRT

Patient

dose/fx

SUVmax

ed. stage

RTOG 0236

comorbidities
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cancer, year
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44
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MD M
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1
2
3
4

10.5
11

COPD

19.5 Y, 2012
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60/8
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1B

Sq
Sq

SCZ M
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2014

50/5

3.8
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27.7
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50/5

25.5
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Sq

3.0

224 N

70

2015 SCZ F 66

5

CAD, HTN
COPD, HTN, CKD

COPD, DM, HTN
CAD, CHF,

60/8

6.4
14.8

1A
1B
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Sq

10.5

229 N
25.1
23

80
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6 2016 SCZ F 55
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7
8

50/5

Sq

5.0

66
73

2016

34/1

8.6
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1.1

CVD, HTN
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2017

Abbreviations: AD = Alzheimer’s dementia; AX = severe anxiety disorder; BMI = body mass index; CAD = coronary artery disease; CI = cognitive impairment; CKD = chronic kidney disease;
COPD = chronic obstructive pulmonary disease; CTD = connective tissue disorder; CVD = cerebrovascular disease; DM = diabetes mellitus; F = female; fx = fraction; HTN = hypertension; KPS

Radiation Therapy Oncology Group; SBRT = stereotactic body radiation

therapy; SZC = chronic schizophrenia; Sq = squamous cell carcinoma; SUVmax = maximum standardized uptake value; T = tumor maximal diameter; Y = yes.

No; NB = nonbiopsied; NS = never smoker; RTOG

Karnofsky Performance Status; M = male; MD = mental disability; N

82); only 3 (37.5%) were able to complete diffusion ca-
pacity testing. Three (37.5%) were smoking at treatment
time. The median tumor diameter was 3.4 cm (range, 1.1-
10.5). The median PET SUVmax was 9.75 (range, 6.4-
25.5). Seven patients (87.5%) had a central tumor and
squamous cell cancer histology.

The median follow-up time was 22.5 months. At
analysis, 3 patients (37.5%) had died. The median overall
survival for the cohort was 38.2 months. In terms of
toxicity, one patient (patient in Table 1) died of a grade 5
tracheoesophageal fistula in the absence of cancer at 8.2
months after SBRT. Otherwise there were no grade 3 or
higher toxicities. Concerning patterns of failure, one pa-
tient (12.5%) died with biopsy-proven loco-regional
failure 105.7 months after SBRT and 1 patient (12.5%)
failed distantly. Otherwise, there has been no other local,
regional nodal, or distant failure at the time of analysis.

Discussion

To our knowledge, this is the first reported series
describing the use of OPA to make SBRT feasible in
treating medically inoperable early stage NSCLC patients
with severe CI. Reporting on this novel although small
series is intended to encourage clinicians to broaden the
range of high-risk patients they might consider for SBRT.
With respect to the parameters of SBRT, patients
completed their prescribed regimens without interruptions
or alterations. Sedation permitted maximal application of
compression to manage motion without discomfort to
patients. The degree of compression was also supported
by the continuous supervision of the respiratory status by
the anesthesia team and therefore allowed optimal re-
striction of tumor motion, generating the best achievable
planning target volume for planning. Even for such a
small sample size, the present results are in keeping with
outcomes expected from SBRT for medically inoperable
early-stage NSCLC' and more specifically, given their
preponderance in this cohort, for central lung tumors.'> In
that regard, the patient who had a grade 5 toxicity had a
5.8 cm central tumor of the right upper lobe of the lung
abutting a segment of the esophagus. This toxicity
occurred, unfortunately, despite selecting an SBRT
schedule of 60 Gy in 8 fractions used for higher risk
central tumors as well as optimizing planning with respect
to avoiding circumferential dose to the esophagus.

This report adds to the existing literature (which has
been essentially pediatric) on the use of sedation in the
delivery of radiation therapy, but now does so in the
context of adult medicine. Furthermore, as with OPA for
pediatric radiosurgery, it validates the use of propofol-
based OPA for the effective and complete delivery of
complex, curative SBRT. Agents such as propofol have
very low complication rates owing to improved drug side
effect profiles, hence it is one of the most common agents
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used in outpatient anesthesia,4"0’ and this was validated
by our experience. For example, from a multi-institutional
survey of anesthetic practices at proton therapy centers,
intravenous propofol was the most commonly used
anesthetic agent to ensure prolonged immobilization
during pediatric treatment sessions.'® Inasmuch as pro-
pofol in our series was the sole agent chosen for our out-
patient procedure, the choice of anesthetic ultimately must
be determined by the anesthetic provider after examining
the patient and reviewing the patient’s medical history.
Critical to that decision is the knowledge that radiation
therapy is a painless procedure and therefore deep seda-
tion or general anesthesia is not required. Propofol has a
rapid onset and offset of action and reduced incidence of
delirium or emergence agitation, particularly important
for those patients with CI. Relevant drug complications to
lung SBRT treatments may include respiratory compli-
cations (airway obstruction, broncho/laryngospasm,
desaturation), cardiovascular complications (arrhythmias,
hypotension), nausea, and vomiting.” Duke University
Medical Center reported on their use of propofol induc-
tion followed by inhalational maintenance in 123 pedi-
atric patients treated with external beam radiation therapy
and noted that their rate of complications due to the
anesthetic were very low at 1.3%.""

From a process perspective, our use of OPA was
facilitated by a dedicated institutional outpatient anes-
thesia service and an active pediatric radiation oncology
practice using sedation routinely. We therefore benefited
from experienced staffing and expertise on integrating
OPA into linear accelerator utilization. Clinicians have to
recognize the additional challenges when using OPA, as it
bears on human and time resources, equipment setup, and
monitoring and having access to a supportive and expe-
rienced anesthesia service. The latter need may then limit
OPA use to primarily high-volume or hospital-based ac-
ademic centers. The use of anesthesia with radiation
therapy also adds several layers of complexity to the de-
livery of treatment. This includes anesthesia risks,
increased treatment delivery time, requirement of an
anesthesia recovery team and space, increased cost owing
to anesthesia billings, and scheduling constraints on the
entire department owing to patient NPO needs requiring
early treatment.®'®

Overall, one can argue that using anesthesia to facili-
tate SBRT in the setting of cognitive impairment follows
the same rationale justifying the treatment for any inop-
erable early stage lung cancer patient. As shown by
McGarry et al, observation only for inoperable patients
with early stage lung cancer is associated with poor out-
comes, with more than 50% dying from lung cancer rather
than competing causes of death.'” The potential morbidity
of untreated lung cancer in any population cannot then be
ignored.

Conclusions

OPA made lung SBRT possible for medically stable
but inoperable lung cancer patients with severe Cls.
SBRT outcomes were in keeping with expected values
reported for medically inoperable lung cancer patients.
Therefore, cognitive or psychological impairments should
not be considered relative contraindications to choosing
lung SBRT in patients otherwise appropriate for this
modality, provided resources to administer anesthesia are
available.
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