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Pulmonary Function Testing Pre-heart
Transplant Predicts Posttransplant Survival
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Introduction. Although pulmonary function testing (PFT) is typically performed for heart transplant evaluation, the prog-
nostic utility of PFTs after transplantation is unknown. We evaluated whether PFT parameters were correlated with out-
comes following heart transplantation. Methods. International Society for Heart and Lung Transplantation Thoracic Organ
Transplant Registry data were utilized. Survival was assessed using Kaplan-Meier method and compared via log-rank test.
Cox proportional hazard modeling was used to evaluate univariate and multivariate predictors of survival. Results. Eight
hundred two patients pretransplant PFT data were available for evaluation. Forced expiratory volume in 1s (FEV1)<50%
predicted (P < 0.0001), and forced vital capacity (FVC)<50% predicted each had significantly higher mortality ( P=0.001)
compared with patients with FEV1 or FVC 50%-80% or >80%. FEV1/FVC<0.7 was not associated with increased mortality.
FEV1 and FVC below 50% both predicted longer lengths of stay (P=0.028 for FEV1 and P=0.0075 for FVC). After adjusting
for male gender, age, body mass index, smoking history, chronic obstructive pulmonary disease, creatinine, albumin, and total
bilirubin, FEV1 <50% (hazard ratio, 4.91; P<0.0001; 95% confidence interval, 2.69-8.94) and FVC <50% (hazard ratio, 2.75;
P=0.003; 95% confidence interval, 1.4-5.4) both remained independent predictors of mortality. Conclusions. Abnormal
pulmonary function (FEV1 or FVC below 50% of predicted) pre-heart transplantation is associated with increased mortality

and longer lengths of stay posttransplant.
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Both restrictive and obstructive lung disease are common
comorbidities in the heart failure population regardless of
smoking status or history of chronic obstructive pulmonary
disease (COPD)."? Prior studies have demonstrated a cor-
relation between the severity of pulmonary function testing
(PFT) abnormalities and severity of heart failure, with sev-
eral pathophysiological mechanisms proposed—increased
airway resistance leading to compression and reduced air-
way compliance, alveolar damage, and direct mechanical
compression from cardiomegaly.’” Although PFT parame-
ters have been shown to predict the development of systolic
heart failure® and clinical outcomes,'*'? little information
is available regarding the utility of PFTs in predicting out-
comes following heart transplantation (HT).

Previous studies have suggested that significant obstructive
pulmonary disease is defined as a forced expiratory volume
in 1s (FEV1) of less than 1L as an absolute contraindication
for HT and a FEV1 less than 40% as a relative contraindi-
cation but without supporting data.’® An analysis using the
International Society for Heart and Lung Transplantation’s
(ISHLT) 2017 heart transplant registry reported that only
5.1% of patients who underwent HT between January 2009
and June 2016 had a prior history of COPD, which is an
increase compared with 3.6% from 2004 to 2008."* This
report also showed that survival following HT was worse in
patients with a history of COPD compared with those with-
out COPD." Given that 45.8% of recipients during this same
time period have a history of cigarette use, the likelihood of
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developing clinically evident COPD following HT is not neg-
ligible and underscores the need in further establishing PFT
parameters rather than clinical diagnoses to identify patients
at risk of worse outcomes following HT.

Although PFTs continue to be frequently performed as
part of an evaluation for heart transplant candidacy, limited
data on whether PFTs predict posttransplant outcomes and
what values should be used as relative contraindications to
transplant. Kobashigawa et al at Cedars-Sinai have presented
2 retrospective, single-center abstracts evaluating pretrans-
plant PFTs and outcomes following HT and identified forced
expiratory volume in 1s to forced vital capacity ratio (FEV1/
FVC) and diffusing capacity of the lungs for carbon mon-
oxide (DLCO) as important parameters for post—orthotopic
heart transplantation prognosis. (Patel) Patients with FEV1/
FVC<70% and DLCO <60% had significantly longer intuba-
tion times and reduced survival at 3 y compared with patients
with FEV1/FVC>70% and DLCO>60%."°

We aimed to evaluate the impact of common PFT meas-
urements (FEV1, forced vital capacity [FVC], FEV1/FVC, and
DLCO) captured pretransplant on survival, duration of intu-
bation, and length of stay following HT.

MATERIALS AND METHODS:

Patient Population

This retrospective study utilized deidentified data col-
lected in the ISHLT International Thoracic Organ Transplant
(TTX) Registry, which receives data from national and mul-
tinational organ and data exchange organizations as well
as individual centers. A total of 481 heart transplant cent-
ers, 260 lung transplant centers, and 184 heart-lung trans-
plant centers have reported data to the Registry since its
inception, accounting for approximately 80% of the world-
wide thoracic transplant activity. The dataset included
62237 patients who underwent HT between 2004 and June
2017. These patients were evaluated for availability of pul-
monary function test results. This study utilized deidentified
data from an international registry and was thus exempt
from institutional board review.

Clinical Variables and Definitions

Data elements collected in the International Thoracic
Organ Transplant Registry can be found in detailed spread-
sheets on the Registry’s website (http://ishlt.org/registries/ttx-
registry). Submission of core donor, recipient, and transplant
procedure variables are required at baseline and at annual
follow-up. Submission of PFT data within the TTX Registry
is completely voluntary and as such completeness of data
that relies on voluntary submission may vary. Survival data
were available for all patients included in this study. Values
for FEV1 and FVC are entered as percent predicted and for
FEV1/FVC as the calculated ratio of FEV1 in liters over FVC
in liters. Currently, DLCO is not a submitted variable within
the TTX Registry and thus not available for evaluation within
this study.

For analysis, patients were divided into groups based on
common cut points of grading severity as defined by the
Global Initiative for Chronic Obstructive Lung Disease execu-
tive summary.'® For FEV1 and FVC, patients were grouped
as <50% predicted (severe), 50%—-79% predicted (moderate),
and >80% predicted (mild). For FEV1/FVC, patients were
grouped as >0.7 or <0.7.
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Statistical Analysis

Descriptive statistics (means, standard deviations, counts,
and percentages) were used to summarize the data. The
independent sample t-test was used to compare continuous
measures between the 2 groups. Fisher’s exact test was used
to compare categorical measures between groups. Overall sur-
vival, censored at 5 y, was determined by the Kaplan-Meier
method and compared using log-rank testing. Comparison of
survival curves was done using the log-rank test. Cox pro-
portional hazards regression modeling was used to assess for
univariate and multivariate predictors of overall survival. Any
factor on univariate analysis with a P < 0.10 was entered into
the multiple regression model. The variables were entered into
the baseline univariate model included the following: age,
body mass index (BMI), male sex, history of smoking, history
of COPD, albumin, creatinine, total bilirubin, and FEV1 and
FVC<50% predicted. These variables were selected based on
the availability within the TTX Registry and previous asso-
ciations with poor outcomes following HT. Based on the
results of the univariate analysis, the following variables were
entered into the baseline multivariate model: age, creatinine,
total bilirubin, male sex, and FEV1 and FVC<50% predicted.
All analyses were done using SAS, Version 9.4 (SAS Institute,
Cary, NC). A P<0.05 was considered statistically significant.

RESULTS

Baseline Characteristics and Pulmonary Function
Parameters

Of the 62327 patients available in the TTX Registry, a
total of 802 patients (1.3%) were identified with paired
FEV1 and FVC values available for evaluation. Of these
802 patients, only 475 patients had a FEV1/FCV value that
had also been submitted and was available for inclusion.
The mean age of patients was 49.3 (x14.6) y, 183 (22.8%)
were female, and 30 (3.8%) had a history of COPD before
transplant. Additional baseline characteristics based on
data available within the TTX Registry are listed in Table 1.
Given that a large number of patients in the registry had
incomplete or missing PFT data, between group compari-
sons were made of those patients included in this study
versus those excluded to ensure our patients were repre-
sentative of the entire population. Although statistically
significant differences were present, these differences were
not clinically meaningful. Complete between group com-
parisons can be found in the Supplemental Materials, SDC,
http://links.lww.com/TXD/A345.

Spirometry and Posttransplant Survival

Overall group survival at 1, 3, and 5 y was 82% (79%-—
85%), 80% (76%—-82%), and 76% (72%—-80%), respectively
(Figure 1). Patients with an FEV1<50% before transplantation
had significantly lower survival at 5 y compared with patients
with FEV1 50%-80% or >80% (P<0.0001) (Figure 2). In
patients with an FEV<50%, overall survival at 1, 3, and 5 y
was 56% (43%-68%), 54% (41%-66%), and 54% (41%—
66%) compared with 88% (83%-91%), 83% (78%—-87%),
and 80% (73%-84%) in patients with FEV1>80%. Similarly,
patients with an FVC<50% before transplantation had signifi-
cantly worse survival at 5 y compared with patients with FVC
50%-80% or>80% (P=0.001) (Figure 3). In patients with an
FVC<50%, overall survival at 1, 3, and 5 y was 64% (49%—
76%), 61% (45%-74%), and 61% (45%-74%) compared
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Relevant baseline characteristics of the evaluated cohort

TTX Registry (802
Variable patients)
Age, y (SD) 49.3 (15.6)
Female sex, N (%) 183 (22.8)
BMI, kg/m? (SD) 26 (5)
History of tobacco use, N (%) 383 (48)
COPD, N (%) 30 (3.9)
Creatinine, mg/dL (SD) 1.4 (1.4)
Albumin, g/dL (SD) 41(0.8)
Total bilirubin, mg/dL (SD) 1.2 (1)
FEV1 percent predicted, % (SD) 745 (18.6)
FVC percent predicted, % (SD) 77.8(19.1)
FEV1/FVC, ratio (SD) 79.3 (14.5)

BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory
volume in 15; FVC, forced vital capacity; N, number; TTX, thoracic organ transplant.

with 87% (83%-90%), 83% (79%—-87%), and 79% (74%—
84%) in patients with FVC>80%. There was no difference in
survival in patients with an FEV1/FVC<0.7 compared with
those patients with an FEV1/FVC > 0.7 (Figure 4).

Univariate and Multivariate Predictors of Mortality

On univariate analysis, FEV1<50% predicted, FVC<50%
predicted, male gender, BMI, pretransplant creatinine, and
pretransplant bilirubin were significant predictors of post-
transplant mortality (Table 2). Utilizing results from the uni-
variate model, multivariate models were then run separately
for FEV1<50% and FVC<50% and were adjusted for male
gender, smoking history, age, BMI, history of COPD, pretrans-
plant creatinine, pretransplant albumin, and pretransplant
total bilirubin. On multivariate analysis, both FEV1<50%
and FVC<50% remained independent predictors of post-
transplant mortality. Other predictors of mortality were total
bilirubin and male gender. Body mass index remained a sig-
nificant predictor of mortality in the FEV1 model with a trend
toward significance in the FVC model (Table 2).
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Spirometry and Length of Stay

Reduced FEV1 and FVC below normal were signifi-
cantly associated with increased lengths of stay following
HT (Table 3). On univariate analysis, FEV1 and FVC were
predictors of length of stay, with patients with FEV1 > 50%
staying 7.9 d less than patients with FEV1<50 (P=0.04)
and patients with FVC 2 50% staying 10 d less than patients
with FVC<50% (P=0.02). Albumin was the only other sig-
nificant predictor of length of stay with every 1g/dL increase
in albumin associated with 3.9 fewer days in the hospital
(P=0.02). On multivariate analysis, FEV1, FVC, and albumin
all remained independent predictors of length of stay. After
adjusting for albumin, patients with FEV1 > 50% stayed 9.6
d less than patients with FEV1<50% (P=0.03), whereas
patients with FVC>50% stayed 10.1 d less than patients with
FVC<50% (P=0.03).

DISCUSSION

In this retrospective analysis of pulmonary function testing
before HT, we found that patients with an FEV1 or FVC<50%
predicted before transplantation had significantly increased
mortality within the first 5 y posttransplantation. After correc-
tion for multiple risk factors, FEV1 and FVC<50% predicted
remained independent predictors of mortality. In this cohort,
FEV1/FVC was not found to be a significant predictor of mor-
tality. Based on results from this study and others, we recom-
mend that all clinically stable patients undergo pulmonary
function testing as part of their evaluation for HT candidacy.
Our data indicate that severe airflow limitation (FEV <50% and
FVC<50% predicted) should be considered a relative contrain-
dication for HT. Steps to remove potential offending agents or
optimizing pulmonary function before consideration for listing
are necessary to help improve post-transplant outcomes.

Both chronic and decompensated heart failure are known to
cause restrictive and obstructive changes in pulmonary func-
tion as well as abnormalities in gas exchange.*”!'” The reasons
behind these changes in pulmonary function are likely multi-
factorial and include risk factors like obesity and history of
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FIGURE 1. Overall survival following heart transplantation.
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FIGURE 2. Patients with FEV1<50% predicted before transplantation have an increased risk of mortality posttransplant. FEV1, forced

expiratory volume in 1s.

tobacco use. Cardiac-specific mechanisms also play a signifi-
cant role. Cardiomegaly can significantly reduce intrathoracic
space and decreases the ability of the lungs to fill sufficiently,
leading to reduced exhalatory recoil and reduced maximal
expiratory flows.*” Elevation in the pulmonary capillary
wedge pressure or pulmonary edema can alter distal airway
spaces and injure the alveolar-capillary membrane, reducing
DLCO.’> A reduction in static lung compliance has also been
observed in chronic heart failure and can result in alterations
of pulmonary function, as measured by total lung capacity.*
The present data suggest an increased risk of mortality
within the first 5 y following HT in patients with abnormal
pretransplant PFTs. Previous studies in heart failure have
shown conflicting results regarding the ability of pulmonary
function testing in predicting morbidity and mortality, and it
is unclear which PFT parameters (FEV1, FVC, FEV1/FVC,

DLCO, etc.) are most clinically relevant. Small, single-center
studies have previously shown that reduced FEV1'%12 as well
as reduced FVC and DLCO are associated with increased mor-
tality in a range of heart failure patients.!® However, another
single-center study evaluating the utility of PFTs in predicting
outcomes in stage D heart failure patients did not find that
FEV1 or FVC were predictors of death, left ventricular assist
device implantation, or urgent transplantation.'®

The only data analyzing pretransplant pulmonary func-
tion testing and their impact on posttransplant outcomes are
single-center studies primarily published in abstract form.
Kobashigawa et al have previously shown that both FEV1/
FVC<70% and DLCO<60% pretransplant were associ-
ated with decreased survival, but FEV1<50% predicted
had no impact on survival.!>” Daimee et al published their
single-center experience and reported that lower (absolute
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FIGURE 3. Patients with FVC<50% predicted before transplantation have an increased risk of mortality posttransplant. FVC, forced vital
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FIGURE 4. Pretransplant FEV1/FVC does not predict mortality following heart transplantation. FEV1, forced expiratory volume in 1s; FVC,

forced vital capacity.

and percent predicted) FEV1 and FVC were associated with
increased hospital and intensive care unit lengths of stay and
increased number of ventilator days.?’ No correlation was
present between FEV1 or FVC and postoperative mortality.?
In our study, we also observed that patients with decreased
FEV1 and FVC have longer lengths of stay posttransplanta-
tion. More importantly, patients with FEV1 or FVC<50%
predicted had a significantly increased risk of mortality within
the first 5 y posttransplantation.

In our study, history of tobacco use and COPD were not
associated with increased risk of mortality following HT in the
evaluated cohort. This is in contrast to the 2019 ISHLT TTX
Registry, which shows decreased survival in heart transplant
patients who previously smoked, but a similar evaluation in

COPD patients has not been performed.?! Previous stud-
ies, primarily in coronary artery bypass grafting, have gen-
erally shown decreased survival in patients with COPD.?>?
However, these studies relied on historical and self-reported
diagnoses of COPD, which are likely suboptimal compared
with PFT-derived definitions of airflow obstruction. Adabag
et al reported that by utilizing PFTs before cardiac surgery,
they identified 178 patients with a historical diagnosis of
COPD that did not have airflow limitation on PFT, whereas
186 patients without a COPD diagnosis had evidence of air-
flow limitation.?* This study and others have shown that when
utilizing PFTs to define COPD (generally FEV1<80% and
FEV1/FVC<0.7), patients with evidence of airway obstruc-
tion on PFTs had increased short- and long-term mortality.?**

Univariate and multivariate analysis of variables predicting increased mortality following heart transplantation

Univariate FEV 1 multivariate model FVC multivariate model
Hazard ratio P (95% Cl) Hazard ratio P (95% CI) Hazard ratio P (95% Cl)
FEV 1 <50% predicted 2.96 <0.0001 4.9 <0.0001
(1.97-4.46) (2.69-8.94)
FVC <50% predicted 2.24 0.001 2.75 0.003
(1.38-3.64) (1.4-5.4)
Smoking history 0.85 0.32 0.89 0.64 0.89 0.65
(0.61-1.17) (0.53-1.47) (0.53-1.48)
Male sex 1.75 0.014 2.74 0.006 2.13 0.03
(1.12-2.74) (1.33-5.66) (1.07-4.26)
Age 1.01 0.14 1.0 0.38 1 0.46
(0.99-1.02) (0.99-1.03) (1-1.03)
BMI 1.04 0.32 1.06 0.04 1.05 0.06
(0.61-1.17) (1.0-1.12) (1-1.11)
COPD 1.18 0.7 1.6 0.39 1.85 0.25
(1.0-1.07) (0.55-4.62) (0.64-5.32)
Creatinine 1.09 0.01 1.03 0.51 1.03 0.54
(1.02-1.16) (0.94-1.13) (0.94-1.12)
Albumin 0.81 0.15 0.93 0.71 0.91 0.61
(0.61-1.08) (0.65-1.34) (0.64-1.3)
Total bilirubin 1.25 0.0008 1.27 0.04 1.34 0.008
(1.1-1.42) (1.01-1.59) (1.08-1.66)

BMI, body mass index; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; FEV, forced expiratory volume in 15s; FVC, forced vital capacity.
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Hospital length of stay depending on pretransplant FEV1 or FVC

FEV1 FVC
Clinical variable FEV1 < 50% 50%—-80% FEV1>80% P FVC <50% 50%—-80% FVC > 80% P
Mean length of stay, d (SD) 34.4(37.3) 28.2 (30.1) 24.2 (25.8) 0.028 37 (33.7) 28.8(32.2) 24.3(25.1)  0.0075
FEV1, forced expiratory volume in 1s; FVC, forced vital capacity.
Limitations 6. Olson TP, Beck KC, Johnson BD. Pulmonary function changes

Our study has several limitations. This study utilizes data
from an international registry wherein pulmonary function
data are not submitted by US centers and is optional for inter-
national centers, thus leading to substantial missing data.
Whereas a large number of patients within the registry had
missing or incomplete PFT data, we feel that our included
study population is well representative of the entire population.
Statistical comparisons were completed and did not reveal any
clinically significant differences (eg, creatinine 1.4 mg/dL in the
study group and 1.3mg/dL in the excluded group [P=0.001]
or total bilirubin 1.4mg/dL in the study group versus 1.2 mg/
dL in the excluded group [P<0.0001]) that would likely lead
to any change in pretransplant clinical management. The sta-
tistically significant differences between groups are primarily
because of the large sample size within the excluded group.

Also, the TTX Registry does not include DLCO. We recognize
DLCO may have the highest predictive value in this population
based on previous publications. Unfortunately, we were not able
to assess the impact of DLCO in this study because of the lack
of data capture in the TTX Registry. Finally, the TTX Registry
does not capture an exhaustive list of comorbidities and lab-
oratory data, therefore limiting the depth of our multivariate
model. Although previous single-center reports have shown that
reduced FEV1/FVC pretransplant predicts worse posttransplant
survival, we did not see this in our cohort. We recommend the
completion of a multi-institutional study assessing the prognos-
tic impact of complete pulmonary function testing before HT on
predicting clinical outcomes following transplantation.

CONCLUSION

In conclusion, patients with a FEV1 or FVC<50% pre-
dicted before HT have an increased risk of mortality follow-
ing HT. FEV1/FVC was not a predictor of mortality in our
study. FEV1 and FVC<50% were associated with longer
lengths of stay following transplantation. Further research is
needed to fully assess the importance of individual pulmonary
function parameter and the cutoff values that predict worse
outcomes in patients undergoing HT.
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