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BACKGROUND: The burden of post-traumatic stress disorder (PTSD) symptoms may be associated with
worse outcomes after transplantation. Little is known about the prevalence and correlates of PTSD
symptoms in lung transplant recipients.

METHODS: We conducted a cross-sectional study of lung transplant recipients between April 2008 and
February 2010 at a single center. The PTSD Checklist was used to determine the burden of PTSD
symptomatology (total score) and percent of subjects with a provisional PTSD diagnosis (validated
algorithms). We assessed the relationship between PTSD symptom burden and patient characteristics
with multivariable logistic modeling.

RESULTS: We enrolled 210 subjects (response rate 91%). Most patients were female (50%), and
Caucasian (89%). The median age was 59 (interquartile range [IQR] 48 to 63) years and the median time
between transplant and follow-up was 2.4 (IQR 0.7 to 5.3) years. Clinically significant PTSD
symptomatology was observed in 12.6% (8.4% to 17.9%) of subjects. Subjects were more likely to
endorse symptoms of re-experiencing (29.5%) and arousal (33.8%) than avoidant symptoms (18.4%).
Multivariable linear regression showed higher PTSD symptom scores among recipients who were:
younger (p < 0.001); without private insurance (p = 0.001); exposed to trauma (p < 0.001); or
diagnosed with bronchiolitis obliterans syndrome (p = 0.005).

CONCLUSIONS: Overall prevalence of PTSD (12.6%) in our study was two times higher than the
general population. Patient characteristics found to be associated with an increased burden of PTSD
symptoms may be useful to consider in future interventions designed to reduce this comorbidity.
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Post-traumatic stress disorder (PTSD) encompasses feel-
ings of re-experiencing a traumatic event in addition to
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having avoidant and hyperarousal symptoms, which last for
periods of at least 1 month.' Lung transplant recipients may
be at a high risk for developing symptoms of PTSD because
they may be exposed to several traumatic events such
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as: (1) having experienced a life-threatening exacerbation of
their underlying lung disease and its associated dyspnea
prior to transplantation; (2) undergoing transplant surgery;
(3) staying in an intensive care unit (ICU) after trans-
plantation where they may experience hallucinations and
delusions associated with delirium; and (4) experiencing
episodes of life-threatening infections, rejection or bron-
chiolitis obliterans syndrome.”®

Studies of PTSD in other types of solid-organ transplant
recipients have revealed a significantly higher prevalence of
PTSD symptoms in comparison to the general population.” '
Few studies have assessed PTSD in lung transplant recipients,
although a recent study of 178 lung transplant recipients
revealed a prevalence of PTSD related to the transplant as
high as 15% at the end of the first year post-transplantation.'*

A high prevalence of PTSD in lung recipients is of
particular concern, because, as illustrated in other types of
solid-organ transplant recipients, PTSD may lower medical
adherence and may predispose recipients to a higher
morbidity and mortality risk.">'® Because PTSD may
increase the risk for poor outcomes in lung transplant
recipients, it is also important to understand the prevalence
and potential correlates of this condition so that those who
may develop PTSD can be identified.

In this study we sought to assess the prevalence of subjects
with a provisional PTSD diagnosis and explored what
specific types of PTSD symptoms (re-experience, hyper-
arousal and avoidant) were most prominent in these subjects.
Exploration of specific types of PTSD symptoms has never
been assessed in the transplant population and may be
important to define, particularly because studies have
suggested that patients with a higher burden of hyperarousal
symptoms have a lower resolution of symptoms over time
and therefore may need an increased intervention. In addition,
we examined potential clinical characteristics associated with
an increased burden of PTSD symptomatology in order to
better understand which patients might be at a higher risk for
this condition. In particular, we assessed variables that had
been identified in the literature as potential risk factors in
other chronic conditions. Furthermore, we hypothesized that
life-threatening complications of lung transplantation, such as
a history of acute rejection, bronchiolitis obliterans syndrome
and severity of disease, may be associated with the develop-
ment of PTSD, and we evaluated these variables.

Methods

Design

A cross-sectional, observational, survey-based study was con-
ducted between April 2008 and February 2010 at the University of
Washington (UW) Lung Transplant Center.

Study participants and clinical management

All adult patients (aged > 18 years) receiving lung transplantation
and/or follow-up care at the UW were identified for potential
inclusion. Ambulatory appointment logs and medical records
were reviewed by the research coordinator to determine subject

eligibilityfor the study, which included being at least 18 years of
age and English speaking. As acute PTSD can occur up to
6 months after the event, patients were also required to be at least
6 months post-transplant. Gender, race and ethnicity were collected
on participants and non-participants. Subjects completed the
questionnaire in a private setting at their regularly scheduled clinic
appointment. Institutional review board approval (IRB) was
obtained for all activities and subjects provided written informed
consent (IRB No. 32823).

Routine post-transplant clinical assessments included pulmo-
nary function testing weekly for the first month, bi-monthly for the
second month, and then every 3 months for at least the first 2 years.
Routine surveillance biopsies were not performed. Biopsies were
performed when subjects demonstrated any of the following: (1) a
10% drop in either forced expiratory volumes in 1 second (FEV,)
or forced vital capacity (FVC); (2) symptoms such as shortness of
breath or cough; or (3) lower-than-expected values on pulmonary
function tests (PFTs) after transplantation.

Measures and data collection procedures

Post-traumatic ~ Stress Disorder Checklist—Civilian Version
(PCL). The PCL is a 17-item self-report questionnaire that assesses
symptoms of PTSD over the last month. Responses range from 1
(“not at all”) through 3 (“moderately”) to 5 (“extremely).”17 The
PCL includes the 3 symptom clusters of PTSD described in the
Diagnostic and Statistical Manual of Mental Disorders, 4th edition
(DSM-IV): re-experiencing (5 items); avoidant (7 items); and
hyper arousal (5 items). A score of >3 on any question item
indicates clinically significant distress. The PCL can be scored with
an algorithm to meet criteria for a provisional diagnosis of PTSD,
or it can be scored continuously to report the burden of
symptoms.'” To identify patients that have a provisional diagnosis
of PTSD, we used an algorithm described by Blanchard et al. First,
it was determined whether participants met criteria for any of the
symptom clusters of the PCL. Participants were identified as
having re-experiencing symptoms if they had clinically significant
distress (score of >3) on 1 of the 5 questions that asked about re-
experiencing symptoms. Similarly, participants were identified as
having avoidant symptoms if they had clinically significant distress
on 3 of the 7 of the questions about avoidant symptoms. Finally,
participants were identified as having hyperarousal symptoms if
they had clinically significant distress on 2 of the 5 questions that
asked about arousal symptoms. To meet criteria for a provisional
diagnosis of PTSD, participants had to meet criteria in each of the
symptom clusters.'”” We did not ask specifically if the symptoms
were related to the lung transplant process. Continuous scores on
the PCL can range between 17 and 85. A higher PCL score
indicates a higher burden of PTSD symptomatology. The measure
has been shown to be reliable and has demonstrated criterion and
construct validity in chronic disease populations.'’* We used
both approaches to scoring (provisional PTSD diagnoses and
burden of PTSD symptomatology) in our analyses.

Structured Clinical Interview for DSM-1V (SCID) PTSD trauma
screen. The SCID PTSD trauma screen is a single question
asking about a respondent’s lifetime exposure to traumatic events:
“Sometimes things happen to people that are extremely upset-
ting—things like being in a life threatening situation like a major
disaster, very serious accident or fire; being physically assaulted or
raped; seeing another person killed or dead or badly hurt, or
hearing about something horrible that has happened to someone
that you are close to. At any time during your life have any of these
kinds of things happened to you?”>* This screening item is widely
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used in research.”* The rationale for the screen is that previous
exposure to traumatic events may increase an individual’s risk of
PTSD. The SCID trauma screen has been shown to be 84%
sensitive and 100% specific in detecting a trauma history.>

Medical record review. Characteristics of the sample were
abstracted from the medical record by trained reviewers; these
included: pre-transplant clinical characteristics (underlying lung
disease, oxygen requirements, PFTs, and 6-minute walk test
[6MWT]) and post-transplant characteristics (early acute rejection,
bronchiolitis obliterans syndrome [BOS], most recent PFTs, and
current oxygen requirements). BOS scores were determined as
described by accepted algorithms using PFT data.?® Abstractors
were blinded to the PTSD diagnosis. Data were entered onto a form
and then entered into a database. Ten percent of randomly selected
records were reviewed to ensure 95% agreement between
abstractors.

Statistical analysis

Descriptive statistics were calculated (e.g., means, standard
deviations, ranges and distributions). When a subject skipped a
single item from the PCL, the missing value was imputed by
substituting the mean value for the items completed by that
individual on that symptom cluster. Patients who missed more than
1 question on the PCL were excluded from the analysis. The
percentages of those participants who met provisional criteria for a
diagnosis of PTSD as well as those considered to have clinically
significant symptoms in each of the 3 PTSD symptom clusters (and
the associated 95% confidence intervals [CIs] around these
estimates) were calculated. Internal consistency for the PCL score
was determined to be strong (Cronbach’s o = 0.92).

To examine the association between PTSD symptomatology
levels (using the total PCL score) and subject characteristics, a
2-step procedure was used. First, simple linear regression analyses
were performed. Then, a multivariable regression model was
constructed by including subject demographic and clinical
variables found to have a p < 0.25%7*® in the bivariate analysis.
Linear regression model assumptions were evaluated prior to fitting
the model. Collinearity was examined between variables. Because
the total PCL score was not normally distributed, it was
transformed (using an inverse transformation) prior to these
analyses. Significance level was set at p < 0.05 for the final
regression analysis. Statistical software (STATA SE, version 11;
StataCorp, College Station, TX) was used for all analyses.

Results

Among the 232 eligible subjects, 7 (3%) refused to
participate and 13 (6%) did not complete the survey. The
final sample was 210 subjects (91% response rate).
Characteristics of the participants are reported in Table 1
Of those diagnosed with a provisional diagnosis of PTSD,
88% (95% CI 68.8% to 97.5%) had an extreme trauma
compared with 67.6% patients reporting an extreme trauma
(95% CI 60.1% to 74.5%, data not shown). The percentage
of lung transplant patients who met provisional criteria for
PTSD disease was 12.6% (95% CI 8.3% to 17.9%; Table 2).
Figure 1 shows the percentage of subjects who answered
“moderately” or above for each PCL question. Patients
were most likely to report that they had trouble falling and
staying asleep, had trouble concentrating, and believed their
future would be cut short. The percentages meeting

Table 1
Degree of Missingness®

Baseline Characteristics of Sample (n = 210) and

Demographic characteristics

Missing
(%)

Median age (years) at time of
survey (IQR)
Female (n)
Caucasian race (n)
Private/commercial (primary
insurance) (n)
Income (n)
Less than $10,000
$10-24,999
$25-49,999
$50-74,999
$75-99,999
$100-149,999
More than $150,000
Education (n)
Some high school or less
High school diploma or
college/graduate degree
4-year college or graduate
degree
Married or engaged (n)
History of traumatic event
ever in life (n)
Pre-transplant characteristics
Underlying disease (n)
COPD/o4-anti-trypsin
deficiency
Idiopathic pulmonary fibrosis
Cystic fibrosis
PAH
Other
Median time on waiting
list (IQR)
Most recent PFTs prior to
transplant
Median FVC,
% predicted (IQR)
Median FEV;, % predicted
(IQR)
Most recent oxygen requirement
prior to transplant (IQR)
Post-transplant characteristics
Bilateral lung transplant (n)
Most recent PFTs prior to survey
date

58.7 (48.5-63.6) 0
years

50.5% (106) 0

89.1% (187)

49.5% (104) 0

o

7.1
13.3% (2
16.9% (3
25.1% (4
17.4% (
14.4% (28
8.2% (16)
4.6% (9)
1.4
8.7% (18)
66.2% (137)

25.1% (52)

63.8% (132) 1.4
70.0% (140) 4.8

37.1% (78)

28.6% (60)

15.2% (32)

5.2% (11)

13.8% (29)

88.5% (33-188) 3.8
days

48.5% 8.6
(39-57.5%)
27% (18.5-44%) 6.7

3 (2-4) liters/ 10.9
min

76.2% (160) 0

Median FVC, % predicted 73 (59-88) 1.4
(IQR)
Median FEV;, % predicted 69 (52-87) 0.1
(IQR)
Median time since transplant (IQR) 2.4 (0.7-5.3)
years
Current supplemental oxygen 7.4% (15) 3.3
use (n)
Episode of acute rejection (n) 25.2% (52) 1.9
Bronchiolitis obliterans syndrome (n) 18.0% (36) 4.8

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity
IQR, interquartile range; PAH, pulmonary arterial hypertension; PFTs,

pulmonary function tests.

*Percent of cases missing data on each variable.
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Table 2  Subjects Meeting Criteria® for Provisional Diagnosis
of PTSD and Criteria for Presence of Clinically Significant
Symptoms Within Each Symptom Cluster®

Prevalence (95% CI) n (total = 210)
12.6 (8.3-17.9) 207

Provisional diagnosis
of PTSD (% yes)

Clinically significant
symptoms within
each PTSD symptom
cluster:
Re-experiencing
Avoidant®
Arousal®

210
207
207

29.5 (23.4-36.2)
18.4 (13.3-24.3)
33.8 (27.4-40.6)

Subjects met criteria for PTSD if they had met criteria in each PTSD
symptom cluster.

bSubjects met clinically significant symptom criteria for symptom
clusters by answering ‘moderately” or higher on 1 of 5 re-experiencing
questions, 3 of 7 of avoidance questions or 2 of 5 of hyperarousal
questions.

“Missing 3 responses.

diagnostic criteria for distress in each of these 3 symptom
domains reflect a similar pattern in Table 2. Trouble falling
or staying asleep was a prominent symptom among lung
transplant recipients (41.1%, interquartile range [IQR]
34.2% to 48.1%; Figure 1).
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Figure 2 Distribution of PTSD Checklist scores. PCL as a
continuous variable. Each bar equals 5 points on the PCL. Range
of possible scores: 17 to 85; range of scores in sample: 17 to 73.

Total scores on the PCL, reflecting the burden of PTSD
symptomatology, ranged from 17 to 73, with a median of 25
(IQR 21 to 34). The distribution of scores was skewed, with
the majority of subjects having a score of <40 (Figure 2).

On univariable analysis, a higher burden of PTSD
symptomatology was significantly associated with being
younger (p < 0.001), having a lower income (p = 0.001),
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reliving it)?

experience from the past?
related to it?

PCL Question
2. Repeated, disturbing dreams of a stressful

of a stressful experience from the past?
3. Suddenly acting or feeling as if a stressful
experience were happening again (as if you were
4. Feeling very upset when something reminded you
of a stressful experience from the past?
trouble breathing, or sweating) when something
reminded you of a stressful experience from the past?
6. Avoid thinking about or talking about a stressful
experience from the past or avoid having feelings
7. Avoid activities or situations because they remind
you of a stressful experience from the past?
8. Trouble remembering important parts of a stressful

1.Repeated, disturbing memories, thoughts, or images
5. Having physical reactions (e.g., heart pounding,

experience from the past?

9. Loss of interest in things that you used to enjoy?

10. Feeling distant or cut off from other people?

11. Feeling emotionally numb or being unable to have
loving feelings for those close to you?

12. Feeling as if your future will somehow be cut

short?

13. Trouble falling or staying asleep?

14. Feeling irritable or having angry outbursts?

15. Having difficulty concentrating?

16. Being "super alert” or watchful on guard?

17. Feeling jumpy or easily startled?

Re-experiencing

Figure 1

Avoidant

Hyper-arousal

Subject responses to PCL questionnaire.
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Table 3  Median (IQR) PCL Scores by Patient Characteristic®
Variable PCL score median (IQR)
Demographics

Survey age®
Young (<58.7)
Old (>58.7)
Gender
Male
Female
White
Yes
No
Private/commercial insurance
(primary insurance)
Yes
No
Income
Less than $10,000
$10-24,999
$25-49,999
$50-74,999
$75-99,999
$100-149,999
More than $150,000
Education
Some HS or less
HS degree or some college
4-year college or grad school
Married or engaged
Yes
No
History of traumatic event ever in
life
Yes
No
Pre-/peri-transplant characteristics
Pre-transplant Diagnosis
CoPD
Cystic fibrosis
Idiopathic pulmonary fibrosis
PAH
Other
Days on waitlist®
<88.5
>88.5
Pulmonary function tests
FVC, % predicted?
<48.5
>48.5
FEV:, % predicted®
<27
>27
Median most recent oxygen
requirement prior to transplant,
liters/min (IQR)?
<3
>3

Six-minute walk test, feet®
<1,057.5
>1,057.5

29.0 (22.0-40.5)
25.0 (21.0-34.0)

24.0 (20.0-32.0)
28.0 (21.0-36.0)

25.0 (21.0-33.6)
28.0 (21.0-36.0)

23.0 (20.0-30.0)
29.0 (22.5-39.5)

32.0 (22.0-45.7)
27.0 (21.0-40.0)
28.0 (21.0-32.0)
26.0 (23.0-36.0)
23.0 (20.5-29.0)
20.5 (18.0-28.5)
21.0 (21.0-26.0)

28.5 (20.0-33.3)
25.0 (21.0-34.0)
24.5 (21.0-35.0)

24.0 (20.0-30.0)
29.0 (22.0-42.0)

28.0 (21.0-36.0)
22.0 (19.0-30.0)

27.0 (21.0-37.0)
26.5 (21.5-41.5)
24.0 (20.5-29.0)
30.0 (25.0-42.0)
27.0 (20.0-36.0)

25.0 (21.0-32.0)
26.0 (20.5-36.0)
24.0 (20.0-35.0)

26.0 (21.0-32.5)

25.5 (20.5-36.5)
25.0 (21.0-32.0)

26.0 (20.0-34.0)

25.0 (21.0-33.0)

25.5 (21.0-34.0)
25.0 (21.0-34.0)

Table 3 continued

Variable

PCL score median (IQR)

Transplant type
Bilateral
Unilateral
Post-transplant characteristics
Pulmonary function tests
FVC, % predicted®
<73
>73
FEV,, % predicted®
<69
>69
Time since transplant, years®
<2.4
>2.4
Current supplemental oxygen use
Yes
No
Acute cellular rejection
Yes
No
Bronchiolitis obliterans syndrome
Yes
No

27.0 (21.0-34.0)
23.0 (20.5-33.6)

26.0 (22.0-36.0)
24.0 (19.5-31.5)

26.0 (22.0-36.0)
24.0 (19.0-31.0)

28.0 (21.0-34.0)
24.0 (20.0-34.0)

25.0 (22.0-46.0)
25.0 (20.0-32.5)

28.0 (22.0-40.0)
24.5 (20.0-32.0)

30.0 (21.5-42.9)
24.0 (20.0-32.0)

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity;

PAH, pulmonary arterial hypertension.

“Continuous variables were dichotomized at their median for
descriptive purposes only. They were analyzed as continuous variables

being unmarried (p = 0.001), having a previous history of a
traumatic event (p = 0.003), having a lower FVC or FEV,
(» < 0.001) at the time of the survey, having an episode
of acute cellular rejection (p < 0.001), and having a
diagnosis of BOS (p = 0.012; Table 3). There was no
difference in prevalence of PTSD by time since transplant
(» = 0.63; Figure 3). In comparison to patients with a
pre-transplant diagnosis of chronic obstructive pulmo-
nary disease (COPD), those with idiopathic pulmonary
fibrosis had a lower burden of PTSD symptomatology
(p = 0.046; Table 3). Because the value of the most recent
post-transplant PFT results was collinear with having BOS,
we chose to include BOS in our model instead of the PFT
values, as the BOS variable was dichotomous and would be
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Cross-sectional prevalence (95% CI) of PTSD
provisional diagnosis grouped by time from transplantation.
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Table 4 Multivariate Associations Between Level of PTSD
Symptomatology and Sample Characteristics?®
Variable Standardized  p-value
p-coefficients
Age at time of survey (years) 0.349 <0.001
Female gender -0.120 0.10
Pre-transplant diagnosis
COPD Reference -
Idiopathic pulmonary 0.0162 0.84
fibrosis
Cystic fibrosis 0.0937 0.32
Pulmonary arterial 0.0054 0.94
hypertension
Other 0.0345 0.65
Private/commercial 0.227 0.001
(primary insurance)
Married 0.115 0.11
History of lifetime traumatic -0.252 <0.001
exposure
Acute rejection -0.104 0.10
Bronchiolitis obliterans syndrome  -0.185 0.005

2PTSD symptom scores underwent inverse transformation so that a
negative f-coefficient indicates a higher level of symptoms.

more useful as a screening tool for clinicians when assessing
a subject’s risk for psychologic symptoms. Similarly, as
insurance and income were collinear, we chose to include
the insurance rather than income in the model, as most
clinicians would not be aware of their subjects’ reported
income. No other variables were found to be collinear.

Our final multivariable model revealed that the level of
PTSD symptomatology was associated with younger age
(p < 0.001), lack of private insurance (p = 0.001), a
previous history of a traumatic event (p < 0.001), and
having BOS (p = 0.005) (Table 4). These factors accounted
for 29% of the variance in PTSD symptomatology [overall
model, F(12, 169) = 7.72, p < 0.001].

Discussion

In this study we found that the prevalence of clinically
significant PTSD symptomatology (i.e., meeting criteria for
a provisional diagnosis of PTSD) in our sample of lung
transplant recipients (12.6%) was at least twice as high as
the rates of PTSD reported in the general population (3.5%
to 6%).""* Our findings of an elevated level of PTSD
symptomatology, as defined by a higher PCL total score, are
consistent with those previously reported in lung transplant
patients, cardiac transplant recipients® and adolescent liver
transplant recipients.’® In aggregate, these findings suggest
that there may be something about the organ transplant
process that increases one’s risk of PTSD.

There are several plausible mechanisms for a high burden
of PTSD symptoms among organ transplant recipients. One
potential traumatic event in the transplant process may be
the ICU experience. The prevalence of PTSD among ICU
survivors has been reported to be as high as 14% to 27%.%"*
Several studies have supported the association between

hallucinations and delusional memories in ICU and post-ICU
symptomatology.*>® This association has also been seen in
transplant recipients. DiMartini et al® presented 4 cases of
transplant recipients who were clinically diagnosed with PTSD
and who reported re-experiencing delusions and/or hallucina-
tions that they had during the peri-transplant period.

Another potential explanation that may be specific to
lung transplantation is that PTSD symptoms may be linked
to patients’ experience of end-stage lung disease prior to
transplant, including dyspnea and/or life-threatening exac-
erbations of illness during the wait for transplant. Although
few data exist regarding the prevalence of PTSD sympto-
matology in patients with advanced cystic fibrosis or
idiopathic pulmonary fibrosis, PTSD has been reported to
be elevated in patients with severe COPD.?” Furthermore, in
a community-based study of 1,772 adults, subjects with
PTSD were more likely to have significant airflow
obstruction than those without PTSD.* Longitudinal studies
that assess the difference in PTSD symptoms before and
after lung transplantation are necessary to further elucidate
this relationship.

In addition, we found that lung recipients were most
likely to report symptoms of hyperarousal and re-experi-
encing of a traumatic event than avoidant symptoms. In
particular, sleep problems were prominent in our sample.
Although symptoms of re-experiencing are unique to
PTSD, symptoms of hyperalertness and sleep disturbances
can be present in both the general population and in
individuals with other anxiety disorders.® Therefore, it is
possible that some subjects in our study may have been
having anxiety or sleep disorders other than or in addition
to PTSD. It will be important in future work to explore the
wider spectrum of anxiety disorders in lung recipients.
Furthermore, additional studies that explore sleeping
difficulties and potential etiologies of this disorder are
needed.

Our multivariable analyses identified several correlates of
PTSD total symptom severity similar to those previously
reported in the general population.®**' In particular,
subjects with a lower socioeconomic status (as defined by
using governmental insurance or insurance other than that of
a private or commercial source) and history of a lifetime
traumatic event were more likely to have a higher level of
PTSD symptomatology. However, unlike previous findings,
we found an association between the burden of PTSD
symptomatology and younger rather than older age.
Furthermore, we did not find an association between female
gender and having a higher burden of PTSD symptomatol-
ogy.'*** The prevalence of PTSD among women has been
demonstrated to vary by the type of traumatic event;
therefore, the trauma experienced in previous studies may
not be generalizable to the transplant process.'***

In addition, we found that, after controlling for other
factors, subjects with more severe PTSD symptomatology
were more likely to have had BOS, as defined by PFT
criteria. As our study is retrospective, we were unable to
assess PTSD symptom burden prior to transplant or prior to
the development of BOS, and therefore we cannot determine
the causal nature of this relationship or even definitively
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determine the sequence. Few studies have evaluated the
relationship between PTSD and post-transplant medical
morbidities in any solid-organ transplant recipient. One
study of liver transplant recipients showed a positive
correlation between having symptoms of PTSD and having
episodes of acute rejection.*’ Dew et al demonstrated that
heart transplant recipients with PTSD were at increased risk
for subsequent mortality, but they did not find that PTSD
was related to either acute or chronic rejection.'” Further
studies are needed to determine the mechanism of the
relationship between PTSD and BOS.

This study has several limitations. First, the PCL only
measures symptoms consistent with PTSD; therefore, we do
not know if patients actually had PTSD or if the symptoms
they were experiencing were related to PTSD and not some
other transplant-related characteristic, such as immunosup-
pression medication. Second, we do not know if the lung
transplant process itself—or what specific element of the
process—is the provoking event for the PTSD symptoms that
we observed. In addition, similar to the general population, a
high percentage of our subjects reported at least one exposure
to a traumatic event during their lifetime. We do not know
any further details of the traumatic event, but it may have
been the provoking factor. Regardless of the cause, our
findings suggest that symptoms of PTSD may have clinical
implications for lung recipients’ well-being and for their
development of post-transplant morbidities. Further studies
are needed to evaluate these relationships. Second, as subjects
did not receive surveillance bronchoscopies, we may have
missed asymptomatic acute rejection. Moreover, we may
have overestimated the diagnosis of BOS as we based the
criteria entirely upon PFTs and did not consider any other
clinical data that could explain the decline, such as an
infection, persistent pleural effusion, airway stenosis or acute
rejection. In addition, although we did not find an association
between PTSD symptoms and time on the waiting list, we did
not collect information on the lung allocation score (LAS). It
is possible that the LAS can predict symptoms of PTSD;
therefore, further studies that address this issue are warranted.
Finally, generalizability may be reduced as this study was
performed at single lung transplant center, which was a cystic
fibrosis and idiopathic pulmonary fibrosis referral base. In
addition, the subjects in our study were predominantly
Caucasian and therefore our results may not generalize to
patients of other races or ethnicities.

In conclusion, our findings suggest that lung transplant
recipients are at higher risk for having PTSD symptomatol-
ogy than the general population. Clinicians who care for
these patients should be aware of this potential significant
morbidity. Although we cannot identify whether or not the
lung transplant process caused the PTSD symptomatology,
our findings suggest several factors that increase the
likelihood of experiencing symptoms of PTSD in the setting
of lung transplantation. In addition, given the significant
burden of PTSD symptoms and potential implications,
clinicians should consider including the assessment and
treatment of PTSD in their management of lung trans-
plantation. Furthermore, we have highlighted the need for
studies to better elucidate the mechanisms that may

contribute to PTSD symptomatology as well as the relation-
ship of PTSD, adherence and outcomes after transplantation.
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