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     Idiopathic pulmonary fibrosis (IPF) is a fatal and 
chronically progressive diffuse parenchymal lung 

disease that is characterized by varying degrees of 
fi brosis of the lung parenchyma.  1   Currently, there are 
few proven, standardized therapies for IPF  2  ; the only 
viable treatment that has shown survival benefi t for 
patients with advanced stages of IPF is lung trans-
plantation.  3-7   Nonetheless, the survival benefi t for 
lung transplantation in patients with IPF is still com-
plicated by signifi cant early mortality rates, especially 
within the fi rst year (approximately 28%). The 10-year 
survival rate after lung transplantation is worse for 
patients with IPF when compared with other dis-

eases, such as idiopathic pulmonary arterial hyperten-
sion (PAH), cystic fi brosis, and  a  1 -antitrypsin-defi ciency 
emphysema.  8   

 Elevated mean pulmonary arterial pressure (mPAP) 
in patients with IPF has been associated with 
decreased exercise capacity and worse survival.  9   

Higher mPAP was also associated with increased mor-
tality following lung transplantation in a large registry 
study.  10   One possible explanation for the link between 
PAH and early mortality after lung transplantation 

  Background:    Idiopathic pulmonary fi brosis (IPF) is often associated with elevations in pulmo-
nary artery pressures. Although primary pulmonary arterial hypertension (PAH) has been associ-
ated with primary graft dysfunction (PGD), the role of secondary PAH in mediating PGD risk in 
patients with IPF is incompletely understood. The purpose of this study was to evaluate the rela-
tionship between mean pulmonary artery pressure (mPAP) and PGD among patients with IPF. 
  Methods:    We performed a multicenter prospective cohort study of 126 lung transplant proce-
dures performed for IPF between March 2002 and August 2007. The primary outcome was 
grade 3 PGD at 72 h after lung transplant. The mPAP was measured as the initial reading following 
insertion of the right-sided heart catheter during lung transplant. Multivariable logistic regression 
was used to adjust for confounding variables. 
  Results:    The mPAP for patients with PGD was 38.5  6  16.3 mm Hg vs 29.6  6  11.5 mm Hg for 
patients without PGD (mean difference, 8.9 mm Hg [95% CI, 3.6-14.2];  P   5  .001). The increase in 
odds of PGD associated with each 10-mm Hg increase in mPAP was 1.64 (95% CI, 1.18-2.26;  P   5  .003). 
In multivariable models, this relationship was independent of confounding by other clinical vari-
ables, although the use of cardiopulmonary bypass partially attenuated the relationship. 
  Conclusions:    Higher mPAP in patients with IPF is associated with the development of PGD. 
 CHEST 2011; 139(4):782–787 

  Abbreviations:  BLT  5  bilateral lung transplantation; IPAH  5  idiopathic pulmonary arterial hypertension; IPF  5  idiopathic 
pulmonary fi brosis; LTOG  5  Lung Transplant Outcome Group; mPAP  5  mean pulmonary arterial pressure; 
PAH  5  pulmonary arterial hypertension; PGD  5  primary graft dysfunction; SLT  5  single-lung transplantation 
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 Study Population 

 A total of 480 patients who gave consent to the LTOG and who 
underwent either single-lung transplantation (SLT) or bilateral 
lung transplantation (BLT) procedures between March 2002 and 
August 2007 were screened for potential inclusion in the study. 
One hundred fi fty-four patients with IPF as their primary indica-
tion for transplant were included.  1   Twenty-eight patients were 
excluded because of missing mPAP data. The overall study popu-
lation comprised 126 patients ( Fig 1  ). 

 Study subjects had organ preservation and underwent post-
operative immunosuppression according to local protocols. Sites 
during the cohort period were nearly uniform in using low-
potassium, extracellular-type preservation fl uid. Immunosup-
pression included induction with IL-2 receptor antagonists at 
all but one site, followed by maintenance using a calcineurin 
inhibitor, azathioprine or mycophenolate mofetil, and steroids. 

 Risk Factor and Outcome Variables 

 The primary outcome was grade 3 PGD recorded at 72 h, 
defi ned by the presence of radiographic infi ltrates consistent 
with pulmonary edema and a Pa o  2 /F io  2  ratio of  ,  200.  11,12,14,20   
The primary risk factor was mPAP, reported from initial reading 
during right-sided heart catheterization performed in the operat-
ing room. The mPAP was assessed as a continuous variable. 
Donor, recipient, and intraoperative variables were evaluated for 
potential confounding effects on the relationship of the mPAP 
and PGD. Potentially confounding variables included donor and 
recipient age, sex, and race; procedure type (single lung vs bilat-
eral); presence of cardiopulmonary bypass; use of nitric oxide; 
ischemic time; the study center; and the amount of packed RBCs, 
platelets, and fresh frozen plasma used during the lung transplant 
procedure. Cardiac output data were not collected prospectively; 
however, in post hoc analyses, we reviewed charts at a single insti-
tution (University of Pennsylvania) to retrospectively collect car-
diac output data. These analyses are reported separately. Sensitivity 
analyses were performed using any grade 3 PGD occurring at 
grading times during the fi rst 3 days following surgery (T24-T72) 
as the outcome. 

 Statistical Analysis 

 Continuous data were reported as mean values and SDs, while 
categorical data were presented as counts and percentages. Uni-
variate associations were tested for signifi cance using  x  2  or exact 
tests for discrete variables, as well as the Student  t  test (for approxi-
mately normal data). The relationship of mPAP and predicted 
probability of PGD was graphed using a fractional polynomial fi t. 

 Multivariable logistic regression was used to adjust for poten-
tial confounding variables. Confounding variables introduced into 
the multivariable model one at a time in order to prevent model 
overfi tting. Confounding was defi ned as a change in the OR of 
15% or greater on adjustment. The Pearson goodness-of-fi t test 
was used for postestimation fi t of the logistic model. Center effects 
were accounted for using a robust variance estimator for cluster-
correlated data. All statistical comparisons were performed using 
STATA version 10.1 (StataCorp; College Station, Texas) and SAS 
version 9.1 (SAS Institute; Cary, North Carolina). 

 Results 

 A total of 480 patients were enrolled, and IPF was 
diagnosed in 154 of these patients. Twenty-eight 
patients were excluded because of missing mPAP 

is primary graft dysfunction (PGD), a severe, acute 
lung injury occurring early after lung transplanta-
tion that is responsible for significant morbidity 
and mortality.  11-20   While previous studies have 
demonstrated that primary PAH is known to be a 
risk factor for PGD,  14-16,21   the role of secondary PAH 
in PGD risk is incompletely understood. The purpose 
of this study was to evaluate the association between 
mPAP and the development of severe PGD in patients 
with IPF who underwent lung transplantation. Spe-
cifi cally, we hypothesized that higher mPAP would be 
associated with an increased risk of PGD in patients 
with IPF. 

 Materials and Methods 

 Study Design 

 A prospective cohort study was performed using data that was 
collected from the Lung Transplant Outcome Group (LTOG), 
which included nine centers in the United States (Columbia Uni-
versity, University of Pennsylvania, Vanderbilt University, Stanford 
University, University of Alabama at Birmingham, University of 
Michigan, Johns Hopkins University, Duke University, and Univer-
sity of Pittsburgh). Details of the study sample have been previ-
ously published.  22,23   
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 P   5  .053). The Pearson goodness-of-fi t test showed 
that both the base and multivariable logistic models 
fi t the data reasonably well ( P   5  .363 and  P   5  .282, 
respectively). 

 The mortality rates at both 30 days and 90 days for 
patients with severe PAH (13% and 17%, respec-
tively) appeared greater compared with those of 
patients without PAH (3% and 5%). However, these 
results did not achieve statistical signifi cance: The 30-day 

data (e-Table 1). A total of 126 patients with IPF who 
underwent either SLT or BLT were included in the 
overall study population ( Fig 1 ).  Table 1   presents 
baseline donor, preoperative recipient, and intra-
operative recipient characteristics among subjects 
with IPF according to PGD status. Twenty-nine 
patients (23%) met the criteria for PGD. Black 
subjects tended to have a slightly greater risk of PGD. 
Patients with PGD had higher pulmonary artery sys-
tolic and diastolic pressures, required larger volumes 
of packed RBCs, and were more likely to have under-
gone cardiopulmonary bypass. However, there was 
no detected difference in the use of intraoperative 
nitric oxide for patients with or without PGD. 

 The relationship of mPAP as a continuous variable 
with PGD among patients with IPF is depicted in 
 Figure 2  . The mPAP was higher in patients who 
developed PGD at 72 h: 38.5  6  16.3 mm Hg in 
patients with PGD vs 29.6  6  11.5 mm Hg in patients 
without PGD (mean difference, 8.9 mm Hg [95% CI, 
3.6-14.2];  P   5  .001). The increase in odds of grade 3 
PGD for each 10-mm Hg increase in mPAP was 1.64 
(95% CI, 1.18-2.26;  P   5  .003). In multivariable mod-
els, this relationship was independent of all clinical 
variables, although the use of cardiopulmonary bypass 
attenuated the relationship ( Table 2  ). In a multivariable 
model simultaneously adjusting for the use of cardiopul-
monary bypass and red cells transfused intraoperatively, 
the relationship of mPAP with PGD maintained bor-
derline signifi cance (OR, 1.41 [95% CI, 1.00-1.99]; 

 Table 1  — Baseline Donor and Recipient Preoperative 
and Intraoperative Characteristics According to PGD 

Status at 72 h in Patients With IPF  

Subject Characteristics
No PGD 
(n  5  97)

PGD 
(n  5  29)  P  Value

Donor variables
 Age, mean, y 36 (33-40) 37 (31-43) .86
 Gender, female 55 45 .35
   Race/ethnicity .39
  White 72 66  . . .
  Black 13 14  . . .
  Hispanic 8 21  . . .
  Asian 3 0  . . .
  Other 3 0  . . .
Recipient preoperative 
    and intraoperative 

variables

 

 Age, y 56 (54-59) 54 (49-59) .37
 Gender, female 33 31 .84
   Race/ethnicity .08
  White 87 72  . . .
  Black 8 24  . . .
  Hispanic 3 0  . . .
  Other 2 3  . . .
   Procedure type .29
  Single-lung transplant 53 41  . . .
  Bilateral lung 
   transplant

47 59  . . .

Use of cardiopulmonary 
   bypass

34 69 .001

Use of inhaled 
   nitric oxide

26 24 .86

   Hemodynamic details, 
   preoperative
  Pulmonary artery 
    systolic pressure, 

mm Hg

44 (40-47) 58 (49-68) .0004

  Pulmonary artery 
    diastolic pressure, 

mm Hg

23 (21-25) 29 (24-34) .008

  Right atrial pressure, 
   mm Hg

12 (10-13) 13 (11-15) .27

  Packed RBCs, mL, 
   intraoperatively

428 (304-552) 741 (406-1,077) .03

  Platelets, mL, 
   intraoperatively

164 (48-280) 406 (79-735) .08

  Fresh frozen plasma, 
   mL, intraoperatively

202 (103-300) 354 (200-508) .13

   Ischemic time, min
  First lung 238 (223-253) 249 (234-265) .43
  Second lung 325 (300-351) 355 (311-399) .23

Data are shown as means with 95% CIs or as percentages. 
IPF  5  idiopathic pulmonary fi brosis; PGD  5  pri mary graft dysfunction.

  Figure  1. Study fl ow diagram by pulmonary arterial hypertension 
(PAH) and primary graft dysfunction (PGD) status after lung 
transplantation. An mPAP of  .  40 mm Hg indicated the presence 
of PAH; an mPAP of  �  40 mm Hg indicated that PAH was not 
present. BLT  5  bilateral lung transplantation; IPF  5  idiopathic 
pulmonary fi brosis; mPAP  5  mean pulmonary arterial pressure; 
SLT  5  single-lung transplantation.   
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put among patients with PGD was 5.0  6  1.8 L/min 
vs 5.8  6  2.6 L/min in patients without PGD (mean dif-
ference, 0.9 L/min [95% CI,  2 0.9 to 2.6];  P   5  .32). 
The effect of mPAP on PGD risk within this subpop-
ulation was similar to that of the overall group, with 
an OR of 1.55 for each 10-mm Hg increase in mPAP 
(95% CI, 0.91-2.65;  P   5  .11), and there was no signifi -
cant confounding of this relationship by cardiac out-
put (adjusted OR, 1.47 [95% CI, 0.85-2.95];  P   5  .17). 

 When sensitivity analyses were performed for 
the 43 patients (34%) who met the criteria for any 
grade 3 PGD at any time point between T24 and 
T72, the mPAP remained associated with PGD 
(OR per 10-mm Hg increase, 1.33 [95% CI, 1.00-1.77]; 
 P   5  .048). However, this relationship did not main-
tain independence when adjusted for the use of blood 
products or cardiopulmonary bypass. 

 Discussion 

 We have demonstrated a strong clinical association 
between higher mPAP and the risk of PGD among 
subjects with IPF. The multicenter nature of the study, 
prospective data collection, and relatively short period 
of data collection make these fi ndings applicable to 
the general lung-transplant population. 

 PAH is common among patients with IPF who 
are undergoing lung transplantation,  24   and previous 
research has implicated PAH in the risk of PGD.  12,14,21,25   
Recently, Whitson et al  21   demonstrated that increased 
preoperative mPAP is an independent risk factor for 
the development of grade 3 PGD within the fi rst 
48 h after transplant. Our study adds to these fi ndings 
by specifi cally evaluating secondary PAH in patients 
with IPF in a multicenter prospective cohort study 
designed to study PGD. The mechanistic underpin-
nings of the increased risk of PGD among patients 
with IPF and PAH include greater endothelial injury 
from hemodynamic forces in addition to inherent 
abnormalities in coagulation /infl ammation, platelet 
activation, and cell adhesion observed in transplant 
recipients with both elevated mPAP and PGD.  22,23,26   
Furthermore, vasoactive mediators such as endothelin-1, 
platelet-derived growth factor, transforming growth 
factor- b , and fi broblast growth factor have all been 
implicated in the pathogenesis of IPF, and these 
mediators can also contribute to the development of 
lung injury.  27-30   

 In addition to raising questions about the shared 
pathophys iologic characteristics of secondary PAH 
and PGD, our study may have direct clinical impli-
cations. Knowledge of elevated mPAP as an inde-
pendent risk factor for PGD in patients with IPF 
may help in counseling patients and families on the 
risks of transplantation. In addition, the identifi cation 

relative mortality risk was 4.27 (95% CI, 1.01-18.00; 
 P   5  .055), and the 90-day relative mortality risk was 
3.2 (95% CI, 0.99-10.31;  P   5  .057). 

 The association of mPAP and PGD was similar in the 
63 subjects who underwent BLT (OR per 10-mm Hg 
increase, 1.69 [95% CI, 1.12-2.55];  P   5  .012) and the 
63 patients who underwent SLT (OR per 10-mm Hg 
increase, 1.46 [95% CI, 0.83-2.57];  P   5  .19). There 
was no effect modifi cation on multiplicative interac-
tion testing in the logistic model ( P   5  .53). 

 In post hoc analyses of cardiac output data, 56 of 
the 70 patients at the University of Pennsylvania 
had cardiac outputs recorded. In this subpopulation, 
10 subjects had PGD at 72 h. The mean cardiac out-

  Figure  2. Relationship of mPAP and probability of PGD, using a 
fractional polynomial fi t with 95% CIs (dashed lines). See Figure 1 
legend for expansion of abbreviations.   

 Table 2— Bivariate and Multivariable Analysis of 
Association of Preoperative mPAP With PGD at 72 h 

in Patients With IPF  

Variable OR (95% CI)  P  Value

Unadjusted base model 1.64 (1.18-2.26) .003
Base model adjusted for:
 Recipient age 1.65 (1.19-2.29) .003
 Donor age 1.64 (1.13-2.37) .009
 Recipient sex 1.64 (1.18-2.28) .003
 Donor sex 1.64 (1.18-2.27) .003
 Recipient race/ethnicity 1.64 (1.18-2.28) .003
 Donor race/ethnicity 1.64 (1.18-2.26) .003
 Procedure type 1.61 (1.16-2.24) .004
 Use of cardiopulmonary bypass 1.43 (1.01-2.01) .043
 Use of nitric oxide 1.63 (1.18-2.27) .003
 Packed RBCs, intraoperative 1.56 (1.11-2.18) .009
 Platelets, intraoperative 1.66 (1.19-2.32) .003
 Fresh frozen plasma, intraoperative 1.61 (1.16-2.25) .004
Total ischemic times  
 First lung 1.61 (1.16-2.24) .004
 Second lung 1.64 (1.08-2.49) .019

ORs listed are for the risk of PGD for each 10 mm Hg increase 
in mPAP, adjusted individually for each confounding variable. 
mPAP  5  mean pulmonary arterial pressure. See Table 1 for expansion 
of other abbreviations.
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