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Abstract
Purpose: Most myeloablative regimens before stem cell transplant involved total body irradiation (TBI). Pulmonary complications from
TBI contribute to treatment-related mortality and toxicity. We report the rate of acute respiratory complications after TBI at our
institution. In an exploratory analysis, we investigated differences in dosimetry between patients who did and did not experience
respiratory complications.
Methods and Materials: In this single institution retrospective study, 49 patients received TBI from 2016 to 2018 and had dosimetry
data available for analysis. Patients were prescribed 1200 cGy to be delivered over 6 fractions. Lung doses were limited using custom
lung blocks. Clinical lung complications (eg, coughing and shortness of breath) were reviewed for the hospitalization period during
transplant, at 4 months after transplant, and at 1 year after transplant. Supplemental oxygen use during the hospitalization period was
also reported. Median anterior-posterior diameter at the umbilicus, body mass index, and lung doses were compared between patients
with and without respiratory complications using a Mann-Whitney U test.
Results: During the hospitalization period, 14% (nZ 7) of patients used supplemental oxygen administered by nasal canula and 16% (n
Z 8) experienced respiratory symptoms. At the 4-month follow-up, 16% (n Z 8) of patients had documented respiratory symptoms.
Respiratory symptoms were grade 1 to 2 except for one grade 3 attributed to infection during the hospitalization period and another
grade 3 due to infection during the 4-month follow-up. At 1-year post-TBI, 4% (n Z 2) of patients reported grade 1 to 2 chronic cough.
Patients with respiratory complications at the 4-month follow-up had a larger umbilical anterior-posterior diameter (31.5 cm vs 26.5 cm,
P Z .01) and body mass index (34.5 kg/m2 vs 29.7 kg/m2, P Z .02) than patients without respiratory complication. Respiratory
complications were not associated with higher lung doses.
Meeting presentation: An abstract was presented as a poster-resentation at the 2019 ASTRO Annual Meeting in Chicago, IL.
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Conclusions: There was no respiratory-related mortality using the individualized planning technique described here. Acute and chronic
respiratory complications were minor, with the most significant intervention requiring antibiotics for respiratory infection.
� 2020 American Society for Radiation Oncology. Published by Elsevier Inc. All rights reserved.
Introduction

Total body irradiation (TBI) is part of the conditioning
regimen for patients with hematologic malignancies un-
dergoing hematopoietic stem cell transplant (SCT), and it
is used in approximately 10% of autologous and 46% of
allogeneic SCT worldwide.1 At myeloablative doses (12-
15 Gy) and in combination with chemotherapy, TBI helps
to eliminate residual malignant cells, deplete host bone
marrow to provide “space” for donor engraftment, and
reduce rejection of donor cells. Although less intensive
conditioning regimens may employ chemotherapy alone,
TBI has several advantages. Unlike chemotherapy, TBI is
not dependent on pharmacokinetics, can penetrate
“sanctuary sites” such as testes and brain, and may
eradicate target cells resistant to chemotherapy.

The more intense a myeloablative conditioning protocol
is, the more likely it is to eliminate residual disease, with
the caveat of causing more toxicities. Although the com-
mon acute symptoms (eg, nausea, diarrhea, erythema, fa-
tigue, parotitis, mucositis, etc) of TBI are transient and
manageable, toxic effects on entire organs can result in
long-term sequelae and mortality.2-4 Long-term conditions
may include but are not limited to endocrinopathies, sec-
ondary neoplasm, and renal and pulmonary disease. The
treatment-related mortality or non-relapse-related mortality
has ranged between 13% and 30% over the past 2 de-
cades.2-4 The majority of treatment-related mortality occurs
within the first 3 months after hematopoietic cell trans-
plantation and is usually due to infection, acute lung injury,
or central nervous system complications.3

In early series before the 1980s, pulmonary compli-
cations were the most frequent serious complications,
occurring in over 50% of patients, with 63% of pulmo-
nary complications being lethal.5-7 The rate of pulmonary
complications has decreased significantly over time,
ranging from 8% to 33%, with even fewer cases being
lethal.2-4,8-11 The decreases in pulmonary complications
are attributed to improvements in supportive care post-
transplant, a shift toward fractionated TBI,12,13 reduced
dose rates,14-18 and reduced lung dose.19-21

Lung shielding is one method of reducing lung dose,
but how and to what extent this method is used varies
widely among institutions. Guidelines for TBI from the
American College of Radiology and American Society for
Radiation Oncology do not specify how or when lung
shielding should be done.22 Guidelines from the Interna-
tional Lymphoma Radiation Oncology Group simply state
that most centers should limit lung doses to 8 to 10 Gy
and provide some of the methods used.23 We provide the
method for lung shielding used by our institution over the
past 3 years and the rate of respiratory complications.

Methods and Materials

Patients

Fifty-six patients received TBI at Norris Cancer Center
(Los Angeles, CA) from January 2016 through December
2018. This study was approved by the institutional review
board under HS-18-00991.

Conditioning regimen

Patients were conditioned with either fludarabine for 3
consecutive days before TBI or cyclophosphamide for 2
consecutive days before TBI at the discretion of the
treating hematologist. After TBI, patients received 1 of 4
regimens for acute graft versus host disease (GVHD)
prophylaxis (tacrolimus and methotrexate, cyclophos-
phamide and tacrolimus and mycophenolate, tacrolimus
and methotrexate and antithymocyte globulin, or cyclo-
phosphamide alone).

Radiation therapy

Before radiation treatment, patient simulation began
with a 2-step process. Physical anterior-posterior diameter
(APD) measurements were taken in the lateral decubitus
position using calipers. APD measurements of the pa-
tients' head, neck, chest, abdomen, and hips were used to
generate custom Lucite compensators and Cerrobend
blocks to ensure approximately 10% dose homogeneity.
A previously acquired diagnostic chest computed to-
mography (CT) scan acquired in the supine position was
used to calculate water equivalent thickness (WET). The
WET was then subtracted from the patients' umbilical
APD to calculate the number of Lucite compensator
plates required for customized lung compensation.
Similar calculations were performed for the head and neck
region, although additional considerations for radiation
beam off-axis uniformity were taken into account.
Superflab bolus was used in the neck region to provide a
higher degree of WET uniformity, and rice bags were
used at the patient’s lower extremities to provide
compensation in this region. Patients were prescribed
1200 cGy, delivered over 6 fractions (200 cGy delivered



Figure 1 Total body irradiation (TBI) set-up. Patients were treated in the decubitus position with anterior-posterior/posterior-anterior
(AP/PA) beams with surface-to-axis distance (SAD) of 440 cm (yellow arrow), with the beam spoiler and phantom shown on the right
side of the room (A). Lung blocks were designed (red) using the AP and PA radiograph films, where we blocked the lungs below the
clavicles and �5 mm medial to the chest wall (B). When used, the lung blocks (near the yellow asterisks) hung on a platform 1 meter
from the beam spoiler between the beam spoiler and linear accelerator (C, D).
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twice a day over 3 days). Monitor unit calculations were
performed using tissue-maximum ratio for the umbilical
APD. Figure 1 shows our typical set-up.

Patients were treated lying in the lateral decubitus
position with anterior-posterior and posterior-anterior
(AP/PA) beams. Radiation was delivered on the Varian
TrueBeam System with 40 � 40 cm2 open field, with the
collimator rotation set to 45�, using 15 megavoltage (MV)
photons, at 440 cm source-to-axis distance (SAD). A
beam spoiler was placed 30 cm from the patient’s midline.
The dose rate was 200 MU/min, corresponding to a range
of 8.2 to 10.2 cGy/min depending on the patients' APD.

Optically stimulated luminescence detectors (OSLDs;
nanoDotTM dosimeter from LANDAUER) were placed on
the patient body surface at the level of the umbilicus, left
lung, and right lung. MV imaging was performed at the
first fraction to design a custom 5 half-value-layer Cer-
robend right and left lung block (Fig 1B). During the
second fraction, the custom lung blocks were positioned a
meter from the beam spoiler and patient, and a subsequent
MV image was taken to verify their positioning. OSLD
measurements were repeated to quantify the extent of
dosimetric attenuation to the lungs. The lung blocks were
used in 3 of 6 fractions to maintain total lung dose be-
tween 700 to 900 cGy.

Respiratory events

Three time points were evaluated: during hospi-
talization for transplantation, 4 months post-TBI,
and 1 year post-TBI. Respiratory events based on
symptoms (ie, coughing, dyspnea on exertion, and
shortness of breath) and imaging findings were
evaluated retrospectively by reviewing clinicians’
clinical documentation and diagnostic imaging re-
ports during the specified period. Respiratory events
were graded using the Common Terminology
Criteria for Adverse Events v5.0. During the hos-
pitalization period, we also recorded the use of
supplemental oxygen as an objective surrogate
marker of respiratory function.
Statistics

Correlations between measured umbilical APD, body
mass index (BMI), and dosimetric measurements
(monitor units, OSLD total umbilical dose, OSLD total
right lung dose, OSLD total left lung dose) were evalu-
ated using Pearson correlation analysis. As part of an
exploratory analysis, we compared the umbilical APD,
BMI, and lung dose among patients with respiratory
sequelae to patients without respiratory sequelae using a
2-tailed Mann-Whitney U test, with a Z 0.05. The
relationship between respiratory events and conditioning
regimen was evaluated using a Fisher exact test, with aZ
0.05. There were not enough events of interest to allow
for a multivariable analysis. Statistical analysis was done
using GraphPad Prism.



Table 1 Patient demographics and measurements from
dosimetry

Total patients,
n Z 49

Number of females 21 (43%)
Median age at time of TBI (range) 40 (19-61)
BMI in kg/m2 (range) 30.4 (19.9-47.1)
Number with disease (%)
ALL 37 (75%)
B-ALL 32 (65%)
T-ALL 5 (10%)

T-cell lymphoma 2 (4%)
AML 9 (18%)
Myeloid dysplastic syndrome 1 (2%)

Number receiving donor type (%)
Matched unrelated donor 10 (20%)
Haploidentical relative 39 (80%)

Number receiving conditioning
regimen (%)

Cyclophosphamide 29 (59%)
Fludarabine 20 (41%)

Number receiving acute GVHD
prophylaxis regimen (%)

Tacrolimus, methotrexate 23 (47%)
Cyclophosphamide, tacrolimus,
mycophenolate

21 (43%)

Tacrolimus, methotrexate,
antithymocyte globulin

3 (6%)

Cyclophosphamide 2 (4%)
Median APD in cm (range) 27 (20-39.5)
Median dose rate in cGy/min (range) 9.5 (8.2-10.2)
Median total body dose in cGy (range) 1212 (1104-1302)
Median total right lung dose in cGy
(range)

780 (432-898)

Median total left lung dose in cGy
(range)

765 (384-873)

Abbreviations: ALL Z acute lymphoblastic lymphoma; AML Z
acute myeloid leukemia; APD Z anterior-posterior diameter; BMI
Z body mass index; GVHD Z graft versus host disease; TBI Z
total body irradiation.
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Results

Respiratory outcomes

Forty-nine of 56 patients treated between January 2016
and December 2018 had data regarding lung shielding
available for analysis. Table 1 includes the patient de-
mographics for the 49 patients included in analysis. All
patients had Karnofsky Performance Scores of at least 80
and had acceptable pulmonary function tests (diffusing
capacity for carbon monoxide, and forced expiratory
volume in 1 second, greater than 60%) before TBI. One
patient had documented asthma. Patients had received a
variety of chemotherapeutic agents before their condi-
tioning regimen, the most common being the USC ALL
regimen.24 To the authors’ knowledge, no patient had
received busulfan or bleomycin before TBI. Patients
received either fludarabine or cyclophosphamide for the
conditioning regimen. If patients received fludarabine in
combination with TBI for the conditioning regimen, then
they received posttransplant cyclophosphamide on day 3
and day 4 after SCT for GVHD prophylaxis. The rela-
tionship between conditioning regimen and respiratory
events was not statistically significant, although there was
a trend toward association with supplemental oxygen use
during the hospitalization period (P Z .11).

Respiratory events are summarized in Table 2. During
the hospitalization period, 8 (16%) patients experienced
clinically documented lung complications (cough, short-
ness of breath, dyspnea on exertion, adventitious sounds on
lung examination, or findings on CT chest or chest radio-
graphs). All respiratory complications were grade 1 to 2,
except for 1 patient with grade 3 adverse events due to
respiratory infection confirmed by bacterial cultures.
Because documentation and grading of symptoms can be
subjective, we also looked at the use of supplementary
oxygen during this period as an objective surrogate for
respiratory complications. Before TBI, no patients used
supplemental oxygen. After TBI, 7 (14%) patients used
supplemental oxygen in the form of nasal cannula. No pa-
tients required intubation. The rate of clinical respiratory
event or supplemental oxygen use was 22% (11 of 49).

At 4 months after TBI, 8 (16%) patients had clinically
documented respiratory complications presenting as
cough, shortness of breath, or dyspnea on exertion. One
of these cases was attributed to asthma exacerbation in a
patient with a preexisting history of asthma. All respira-
tory symptoms were grade 1 to 2, except for 1 patient who
required intravenous antibiotics for suspected pneumonia.
Three of the 8 patients had suspected GVHD of the lungs
based on symptoms and imaging studies and were treated
with oral steroids. One patient died during this period due
to gastrointestinal-related toxicity. From the bone marrow
biopsies done at 100 days posttransplant, 2 patients
had relapsed. Another 2 patients had minimal residual
disease.

We have follow-up data for 45 patients at 1-year post-
transplant. Of the remaining 4 patients, 1 died of
gastrointestinal-related toxicity as previously described, 1
died of septic shock, and 2 were lost to follow-up owing to
a change in providers. Of the 45 patients with follow-up, 2
(4%) reported grade 2 chronic cough, corresponding to
findings on thoracic imaging. They were suspected to have
GVHD of the lungs and their coughing improved after a
course of steroids. Of the 49 patients included in this study,
5 patients had relapsed within a year of their transplant.



Table 2 Rate of respiratory complications

Hospitalization period
(n Z 49)

120-days post-TBI (n Z 49) 1-year post-TBI (n Z 45)

Patients with supplemental
O2 use

7 (14%) - -

Patients with respiratory
sequelae

8 (16%) 8 (16%) 2 (4%)

Grade 1-2 7 (14%) 7 (14%) 2 (4%)
Cough 5 4 2
Shortness of
breath/dyspnea

1 3 0

Lung infection 0 1 0
Findings on imaging 3 4 2

Grade 3 1 (2%) 1 (2%) 0 (0%)
Lung infection 1 1 0

Abbreviation: TBI Z total body irradiation.
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Relationship between umbilical anterior-
posterior diameter and respiratory complications

As previously described, umbilical APD measure-
ments were used to calculate the monitor units required to
deliver 200 cGy per fraction (100 cGy per field), resulting
in a strong positive correlation between umbilical APD
and monitor units (r Z 0.9987; r2 Z 0.9974; P < .0001;
Fig 2A). Not surprisingly, umbilical APD also correlated
with patients’ BMI (r Z 0.8496; r2 Z 0.7219; P < .0001;
Fig 2B). Although monitor units were expected to vary
with the umbilical APD, the expected total dose should
have been approximately 1200 cGy for each patient and
vary independently with the umbilical APD. Contrary to
those expectations, the umbilical APD was also positively
correlated with total dose at the umbilicus (r Z 0.6459; r2

Z 0.4172; P < .0001; Fig 2C). The idea that larger or
more obese patients might be receiving more radiation at
their umbilicus is supported by the correlation of BMI
with umbilical dose (r Z 0.4339; r2 Z 0.1883; PZ .002;
Fig 2D). Neither umbilical APD nor BMI correlated with
total dose received at either lung (Fig 2E,F).

In an exploratory analysis, we queried whether patients
with respiratory events had different dosimetry measure-
ments from patients who did not have respiratory events.
Data are summarized in Table 3. In the hospitalization
period, patients who used supplemental oxygen did not
have statistically different umbilical APD, BMI, or lung
dose compared with those who did not use supplemental
oxygen. There was also no statistical difference between
those who did or did not have clinical respiratory events.

At the 4-month follow-up, patients who experienced
respiratory symptoms had significantly different median
umbilical APD (31.6 cm; interquartile range, IQR, 28.4-
34.9 cm) than patients who did not have events (26.5 cm;
IQR, 23.3-29.3; P Z .01; Fig 3A). Similarly, patients
who had respiratory symptoms during this period had
higher median BMI (34.5 kg/m2; IQR, 31.0-36.5) than
patients without symptoms (29.7 kg/m2; IQR, 25.6-33.3;
P Z .02; Fig 3B). Although respiratory symptoms were
associated with larger umbilical APD and BMI, they were
not associated with higher lung doses, possibly as a result
of individualized lung compensation. There were too few
patients with respiratory adverse events at the 1-year
follow-up for analysis.

Table 3 shows a statistically significant lower right
lung dose for patients with respiratory symptoms at the 4-
month follow-up, which conflicts with what is known
about pulmonary toxicity and radiation dose. However,
this difference between 729 cGy (IQR, 632-770) among
symptomatic patients and 786 cGy (IQR, 739-810) among
asymptomatic patients is small and unlikely to be clini-
cally significant. The APD differences and BMI differ-
ences, however, are of both clinical and statistical
significance. The median and interquartile ranges of BMI
among symptomatic patients are within the obese cate-
gory, while the median BMI of asymptomatic patients is
classified as overweight but not obese.
Discussion

The primary objective of this study was to report
incidence of respiratory complications after TBI using our
institution’s method of lung shielding. During the hospi-
talization period, 16% of patients had new respiratory
signs or symptoms. The same rates were seen 4 months
after TBI, although not necessarily in the same patients.
The rate of respiratory complication increases to 22%
when adding the use of supplemental oxygen as a respi-
ratory event. These rates are within the range of rates
reported in contemporary studies of myeloablative TBI.2-
4,8-11 However, an important difference is that our study
included grade 1 and 2 respiratory events, whereas prior
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Figure 2 Correlation of dosimetry measurements. Correlation of umbilical anterior-posterior diameter (APD) in cm (ie, patient
thickness) with monitor units (A) and body mass index (BMI) (B). Correlation of total dose at the umbilicus with umbilical APD (C) and
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studies only included grade 3 to 5 events or reported
specific respiratory events such as pneumonitis. Our
rationale for being more inclusive was to reduce bias so
that coding of events was less subject to our interpreta-
tion. The overreporting of events in the acute period is
likely reflected in the relatively few respiratory sequelae
(4%) we observed a year after TBI.

Direct comparisons to other studies are also difficult
owing to differences in the length of the follow-up period.
We were interested in the acute period, whereas most
studies included patients with long-term follow-up. In an
older study reporting acute side effects, myeloablative
TBI (12-13.5 Gy delivered in twice daily fractions)
resulted in at least grade 3 pulmonary toxicity in 14% of
patients within 100 days of their transplant. Details of the
set-up and lung dose were not included nor were they a
focus of their study.3 In a more recent study evaluating a
similar time interval (90 days posttransplantation), the rate



Table 3 Mann-Whitney U analysis comparing median umbilical APD, BMI, and lung dose between patients who did or did not
experience respiratory events

Umbilical APD (cm) BMI (kg/m2) Right lung dose (cGy) Left lung dose (cGy)

Hospitalization period, supplemental O2 use
Yes 28.0 P Z .76 27.1 P Z .93 768 P Z .64 768 P Z .65
No 26.9 30.6 783 764

Hospitalization period, clinical events
Yes 27.3 P > .99 33.3 P Z .64 777 P Z .62 759 P Z .63
No 27.0 30.3 780 765

120-days post-TBI, clinical events
Yes 31.6 P Z .01 34.5 P Z .02 729 P Z .02 748 P Z .16
No 26.5 29.7 786 768

Abbreviations: APD Z anterior-posterior diameter; BMI Z body mass index.
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of grade 3 to 5 pulmonary toxicity was 33%. They
delivered radiation with opposed laterals, with total dose
13.5 Gy delivered in 1.5 Gy fractions twice a day, with
dose rates of 15 to 20 cGy/min and with lungs attenuated
to a median dose of 10 Gy using the arms and brass
compensators.9 Taking into consideration that all our
patients received pre- or post-transplant cyclophospha-
mide, which can add additional lung toxicity, our lower
rates of pulmonary toxicity may be due to the lower lung
doses or reduced dose rates.

The American Society for Radiation Oncology and
International Lymphoma Radiation Oncology Group
guidelines describe opposed fields as a common tech-
nique for TBI delivery,22,23 which we used in the current
study. Other radiation techniques for myeloablation exist
and are being evaluated for their ability to reduce toxicity
without compromising remission. TBI using volumetric-
modulated arc therapy (VMAT) may offer better dose
homogeneity and greater ability to spare organs at risk
than conventional techniques. In 2 reports on the dosim-
etry and delivery of myeloablative TBI using VMAT, no
acute respiratory toxicities were observed among 37
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Figure 3 Boxplot of umbilical anterior-posterior diameter
(APD) (A) and body mass index (BMI) (B) among patients with
and without respiratory symptoms at 4 months posttotal body
irradiation (TBI).
patients total.25,26 However, these studies focused on
treatment delivery, and little information is provided on
how toxicity was assessed. In a small study reporting on
the use of helical tomotherapy for TBI delivery, 2 of 11
patients experienced grade 1 or 2 pulmonary complica-
tions in the form of pleural effusions.27 These pilot studies
warrant further investigation and longer follow-up.

Helical tomotherapy and VMAT also allow for more
targeted forms of TBI, such as total marrow irradiation
(TMI) and total marrow and lymphoid irradiation (TMLI).
In TMI and TMLI, the treatment volume would encom-
pass the entire bony skeleton, with possible coverage of
lymphoid tissue and/or protected sites such as brain and
testes. Several early phase trials report their use in relapse/
refractory multiple myeloma and acute leukemia, with
mean lung dose generally below 8 Gy.28-32 In a recent
report of toxicity from 3 TMI/TMLI trials, only 0.7% (1
of 142) of patients developed radiation pneumonitis,
which they defined as at least grade 3 pneumonitis not
attributable to infection, GVHD, or disease progression.
Another 45 of their patients developed pulmonary
symptoms attributed to infection.33 Several problems arise
when restricting the endpoint to radiation pneumonitis.
Determining the etiology of lung disease can be difficult
and inaccurate. Second, the exclusion of lung disease
from infection, GVHD, or disease progression assumes
that the etiologies are mutually exclusivedthat radiation
pneumonitis and GVHD could not have occurred together
or that radiation pneumonitis did not contribute to infec-
tion susceptibility. The study likely underestimates pul-
monary toxicity. Nonetheless, the authors reported good
safety profiles. Their 2-year cumulative incidence of
pulmonary toxicity from infection or radiation pneumo-
nitis was 22.7%,33 which is comparable to the data pre-
sented in this study.

A secondary objective of this study was to find dif-
ferences in the characteristics between patients who did
and did not experience respiratory toxicity. In an
exploratory analysis, we were surprised by the results
shown in Figure 2C, showing that patients with larger
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umbilical APD (ie, greater thickness) received greater
total dose as measured from their umbilical OSLD. We
hypothesize that the correlation between APD and um-
bilicus dose is the result of using physical APD mea-
surement for monitor unit calculation. This contrasts with
the right and left lung dose measurements where Lucite
compensators and lung blocks are designed based on a
thickness measurement that is corrected for density from a
patient’s chest CT scan. We expect that if the physical
APDs were similarly “distance-corrected” based on CT
measurement, then patients with larger APD would better
correlate with the tissue-maximum-ratio monitor unit
dosimetry calculation.

Patients with respiratory toxicity had a higher umbilical
APD. Because patients with larger umbilical APD had
higher dose at the umbilicus, we were initially concerned
that the relationship between umbilical APD and toxicity
might be due to increased radiation dose. However, um-
bilical APD was not correlated with lung dose, and patients
with respiratory toxicity did not have higher lung doses. In
our cohort, lung doses were kept below 9 Gy, with rela-
tively little variation from the median. We hypothesize that
the larger umbilical APD is related to respiratory toxicity
due to obesity-related pulmonary complications. The
higher BMI in these patients supports our hypothesis.
Although it is well known that obesity is related to pul-
monary complications in the nontransplant setting, it is not
well characterized in the stem cell transplant setting. A
retrospective study from Japan of 3935patients showed that
pre-transplantation BMI was associated with increased risk
of acute GVHD and infection.34 A subsequent meta-
analysis also concluded that obese recipients have
increased risk of acute GVHD.35 To the authors’ knowl-
edge, this is the first study associating obesity with respi-
ratory complications in the post-TBI setting. Our study
provides a possible “threshold”BMI to use in future studies
exploring the relationship between obesity and post-TBI
respiratory events. Furthermore, it would be interesting to
know in future studies if umbilical APD predicted respi-
ratory events better than BMI, as it may better reflect
visceral obesity.36-38

Our study has several limitations in addition to the
general limitations of retrospective studies. There were
relatively few events of interest, which prevented any
multivariable analysis. Our outcome of interest, other than
supplemental oxygen use, is also subject to biased reporting
of the documenting physician. Routine post-TBI pulmo-
nary function tests were not done, which would have pro-
vided objective quantifiable outcomes for analysis.
Conclusions

We describe our institutional method of myeloa-
blative TBI and report respiratory complications dur-
ing hospitalization, at 4 months post-TBI, and at 1-
year post-TBI. Our events were mostly grade 1 to 2
events, with no respiratory-related deaths. Among
patients who experienced respiratory toxicity, they had
higher umbilical APD and BMI, suggesting that obese
patients are at higher risk for pulmonary complications
after TBI.
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