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Abstract
MCP-1, also known as CCL2, is a monocyte-attracting chemokine produced in lung epithelial
cells. We previously reported an association of increased levels of plasma MCP-1 with primary
graft dysfunction (PGD) after lung transplantation in a nested case control study of extreme
phenotypes using a multiplex platform. In this study, we sought to evaluate the relationship
between plasma MCP-1 levels as a biomarker across the full spectrum of PGD. We performed a
prospective cohort study of 108 lung transplant recipients within the Lung Transplant Outcomes
Group cohort. Plasma MCP-1 levels were measured pre-transplantation, 6 and 24 hours after
transplantation. The primary outcome was development of grade 3 PGD within 72 hours of
transplant, with secondary analyses at the 72- hour timepoint. Multivariable logistic regression
was used to evaluate confounding. 30 subjects (28%) developed PGD. Median MCP-1 measured
at 24 hours post transplant was elevated in subjects with PGD (167.95 vs. 103.5 pg/mL p=0.04).
MCP-1 levels at 24 hours were associated with increased odds of grade 3 PGD after lung
transplantation (OR for each 100 pg/mL 1.24, 95% CI 1.00, 1.53), and with grade 3 PGD present
at the 72-hour timepoint (OR for each 100 pg/mL 1.57, 95% CI 1.18, 2.08), independent of
confounding variables in multivariable analyses. MCP-1 levels measured pre-operatively and 6
hours after transplant were not significantly associated with PGD. Persistent elevations in MCP-1
levels at 24 hours are a biomarker of grade 3 PGD post-transplantation. Monocyte chemotaxis
may play a role in the pathogenesis of PGD.

Keywords
Primary Graft Dysfunction; Lung transplantation; Monocyte Chemotactic Protein-1; Acute Lung
Injury; Biomarker

Introduction
Lung transplantation is the only life-prolonging therapy for many end stage lung diseases
[1]. It has become an increasingly common procedure, with 3,272 lung transplants reported
in 2009 [2]. However, lung transplantation has consistently lagged behind other organs in
survival rates, with a median survival of only 5.3 years [3–5].

PGD is a form of acute lung injury that develops within 72 hours of transplant. It affects 10–
30% of all subjects receiving lung transplantation [4–6], and is associated with an increased
risk of bronchiolitis obliterans syndrome (BOS), prolonged hospitalization, and increased
short- and long-term mortality [7, 8]. The exact pathogenesis of PGD is unclear, however,
ischemia reperfusion injury (IRI) is thought to be a driving force in its development [9].

Monocyte Chemotactic Protein-1 (MCP-1), also known as Chemokine (C-C motif) Ligand 2
(CCL2), is a monocyte attracting chemokine produced by many cell types, including
endothelial, fibroblast, dendritic, and epithelial cells [10]. MCP-1 is important in mediating
the early injury response by recruitment of monocytes, memory T cells, and NK cells [11].
Elevation in MCP-1 levels after lung ischemia reperfusion injury (IRI) has been established
in a rat model [12]. In addition, MCP-1 has been identified as a promoter of systemic
inflammation in response to alveolar hypoxia [13]. Furthermore, animal research has
demonstrated that blockade of MCP-1 attenuates IRI in pulmonary and renal models [12,
14]. Based on the relationship of MCP-1 and IRI, we hypothesized that MCP-1 may be
related to the development of PGD. We previously reported an association of increased
levels of plasma MCP-1 among other mediators with PGD using a multiplex immunoassay
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platform in a nested case control study of grade 3 PGD compared with no PGD (grade 0)
[15].

In the current study, we tested the hypothesis that plasma MCP-1 is a biomarker of PGD
within 72 hours after transplantation, using a prospective cohort study including all grades
of PGD, a monoplex assay specific to MCP-1, and multivariable adjustment of important
confounding variables.

Materials and Methods
Selection of Subjects

The Lung Transplant Outcomes Group (LTOG) is a multi-center, prospective cohort study
of lung transplant recipients that has been previously described [16–18]. Our prospective
cohort study included all subjects enrolled between October 2006 and May 2008 at the
University of Pennsylvania and Columbia University. Two centers were selected to reduce
variability secondary to center effects, and these centers have the highest volume of lung
transplants. Sample size was determined based on results of our prior case-control study of
MCP-1 [15]. Plasma samples were prospectively collected pre-transplant, 6 and 24 hours
after allograft reperfusion. These timepoints were chosen to reflect immediate post-
transplant lung injury and lung injury that is contemporaneous with measurement of MCP-1.
Samples were centrifuged within 60 minutes and then stored at −80°C for subsequent
analysis. Clinical data were collected prospectively for all subjects as described in detail
elsewhere [4]. The Institutional Review Boards at each site approved our study. Informed
consent was obtained from each subject enrolled in the cohort. This study was conducted in
compliance with the Declaration of Helsinki of 1975 as revised in 1996.

Outcome Definition
PGD grade was determined using the consensus definition of the International Society for
Heart and Lung Transplantation [19]. Radiographs and arterial blood gases were assessed at
the time of admission to the ICU after transplantation (T0), and at 24, 48, and 72 hours after
transplantation. Two blinded physicians examined chest radiographs, which qualified for
PGD if they had diffuse infiltrates. The severity of PGD was graded by the PaO2/FiO2 ratio,
with PaO2/FiO2 ratio less than 200 defining grade 3 PGD [4, 16, 19]. The primary end point
was the development of grade 3 PGD within 72 hours (PGD) after transplantation. This
definition has good discriminant validity for survival, and is thought to be an acceptable
dichotomous outcome for studies evaluating the mechanism of PGD [20]. Sensitivity
analyses were performed using grade 3 PGD present at 72 hours after transplantation
(Persistent PGD) versus other grades at T72; grade 3 PGD present at 24 hours, and
evaluating highest grade of PGD within 72 hours as an ordinal variable. We assessed for
interaction by cardiopulmonary bypass status, pulmonary hypertension (defined as mean
PAP ≥ 25 at the time of transplant) [21], and diagnosis (limited to our three largest diagnosis
categories: COPD, IPF, and CF) given data identifying a link between MCP-1 levels and
pulmonary vascular disease [22] and a relationship between elevated MCP-1 levels and
interstitial lung disease [23]. Subjects with secondary pulmonary fibrosis were not labeled as
IPF. Further analyses were performed evaluating the relationship of plasma MCP-1 level
with survival to hospital discharge and ventilator-free days during the first 28 days of
hospitalization, time to first episode of acute cellular rejection, defined as grade A2 or
higher, [24] and time to bronchiolitis obliterans syndrome (BOS), defined according to
ISHLT guidelines [25], and time to death or re-transplantation, using all-cause mortality.
ACR information was only available from the University of Pennsylvania.
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Measurement of MCP-1 levels
Plasma MCP-1 concentration was measured using a commercially available ELISA platform
(R&D Systems, Minneapolis, MN). The intra-assay coefficient of variation was 7.6%. The
lower limit of detection was 0.61 pg/mL.

Statistical Analysis
Continuous variables were analyzed using two sample t-tests or Wilcoxon rank sum tests, as
appropriate. Longitudinal analyses using generalized estimating equations were performed
to assess for a relationship in trend of MCP-1 levels over time with PGD. For multivariable
models, the relationship of MCP-1 measured at each time-point with PGD was evaluated
using logistic regression. Odds ratios were calculated per one standard deviation (100 pg/
mL) change in MCP-1 level. We assessed recipient race, diagnosis, gender and age; donor
race, gender and age; use of cardiopulmonary bypass and bypass time; transfusion of packed
red blood cells, intra-operative saline infusion, and pulmonary artery systolic pressure
individually as potential confounders. We used a bi-variate selection strategy, and
confounding was defined as a greater than 20% change in odds ratio between MCP-1 level
and PGD upon addition of a covariate to the model [26]. Based on the number of events in
our cohort, a maximum of three covariates could be included in the model [27]. We
analyzed the relationship between MCP-1 levels and worst PGD grade within 72 hours as an
ordered variable (0,1,2,3) using ordinal logistic regression [28]. We generated Kaplan meier
curves to evaluate the association of MCP-1 with longitudinal outcomes, using log rank test
to calculate p-values. For all of the statistical analyses, a p-value ≤ 0.05 was considered
statistically significant. All statistical analyses were performed using STATA 11.1 (STATA
Corp., College Station, TX).

Results
Study Population

Of the 108 subjects, 30 (28%) developed grade 3 PGD within 72 hours (PGD), 16 (15%)
grade 2; 51 (47%) grade 1; and 11 (10%) subjects had no evidence of PGD (grade 0) within
72 hours. 14 (13%) subjects had grade 3 PGD at the 72 hour timepoint (Persistent PGD).
Table 1 lists donor and recipient characteristics by PGD status. There were 63 subjects with
blood samples available prior to transplant and 92 subjects with samples available at 6 and
24 hours after transplant. Subjects with data at all three timepoints (n=62) did not differ
from subjects with missing samples on any major demographic characteristic. There were no
values under the lower limit of detection.

Pre-operative MCP-1 levels were higher in IPF compared to COPD and CF (Kruskal Wallis
p value=0.006). Median pre–operative MCP1 level was 385 pg/mL in IPF (IQR 130–489)
138 pg/mL in COPD (IQR 98–212) and 184 pg/mL in CF (IQR 135–439) (Figure 1). Plasma
MCP-1 levels at 6 and 24 hours did not differ significantly by diagnosis.

There was no significant interaction between MCP-1 level and diagnosis (COPD, CF, and
IPF) on PGD risk (p for interaction at pre-operative time-point=0.44, at 6 hours p=0.40, at
24 hours p=0.40).

Relationship of MCP-1 Plasma Levels with Grade 3 PGD within 72 hours (PGD)
Median MCP-1 levels measured at 24 hours post-transplantation were higher in subjects
with PGD (168 pg/mL; IQR 99–351) than in those without PGD (104 pg/mL; IQR 51–225)
(p=0.04) (Figure 2). MCP-1 levels also tended to be higher in subjects with PGD at 6 hours
post transplantation compared to those without (Table 1), although this did not reach
statistical significance. There was no significant difference in pre-operative median MCP-1
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levels between subjects with PGD within 72 hours (266 pg/mL; IQR 111–409) and without
(173 pg/mL; IQR 101–411) (p=0.71) and without (Table 1) In the entire cohort, MCP-1
levels were elevated pre-operatively, nearly doubled at 6 hours, and then decreased to below
pre-operative levels by 24 hours after transplant (Figure 2). However, MCP-1 levels at 24
hours remained higher in the PGD group compared to the non-PGD group.

The OR for PGD for each 100 pg/mL increment in MCP-1 level was 1.24 (95% CI
1.00,1.53), p=0.048. Bivariable adjustment did not demonstrate significant confounding of
the relationship between MCP-1 levels at 24 hours and PGD by clinical variable, as defined
by a change in OR by 20% or more on adjustment [27], although inclusion of some variables
produced confidence intervals for the OR crossing 1 (Table 2). Therefore, a summary model
was not constructed [29–31]. Longitudinal GEE analysis of MCP-1 levels demonstrated a
borderline association between changes in MCP-1 level across time and grade 3 PGD within
72 hours (OR per 100pg/mL increment 1.06 95% CI: 1.00,1.12 p=0.06).

Sensitivity Analysis with Full Spectrum of PGD
Ordinal logistic regression was used to test the relationship of plasma MCP-1 level 24 hours
after transplant with the highest grade of PGD within 72 hours (0, 1, 2, 3). The OR (per 100
pg/mL increment) was 1.21 (95% CI: 1.00, 1.47 p=0.05) for each one unit increase in grade.
As shown in Figure 3, median MCP-1 levels increased with each PGD grade, though the
trend test was of borderline significance (p=0.08), perhaps due to small numbers in some
individual categories.

Relationship of MCP-1 with Grade 3 PGD at 72 hours (Persistent PGD)
In sensitivity analyses, median MCP-1 levels at the 24-hour time point were higher in the
persistent PGD group (351 pg/mL IQR 168–508), compared to all other grades (116 pg/mL
IQR 51–221) (p=0.01) (Figure 4). There was no significant difference between median
MCP-1 levels in subjects with persistent PGD and those without and the pre-operative and
6-hour timepoints and those who did not have grade 3 PGD within 72 hours at the pre-
operative (312 pg/mL vs. 173 pg/mL p=0.37) and 6 hour time points (616 pg/mL vs. 498 pg/
mL p=0.17). The corresponding OR for each 100 pg/mL increase in plasma MCP-1 level at
24 hours with grade 3 PGD present at the 72-hour time point was 1.57 (95% CI 1.18, 2.08
p<0.01). Bivariable logistic regression did not demonstrate significant confounding of the
relationship between MCP-1 levels at 24 hours and grade 3 PGD at 72 hours by any
covariates (Table 2). Median MCP-1 levels differed across grades of PGD measured at 24
hours, with the highest levels in grade 2 and grade 3 (p=0.02) (Supplemental Figure 1).

Association of MCP-1 with Other Clinical Outcomes
There was no association between plasma MCP-1 level at 24 hours and ventilator free days
(Spearman’s rho −0.20, p=0.23). There was no association between plasma MCP-1 level at
24 hours and survival to hospital discharge (OR 0.98, 95% CI 0.67,1.44 p=0.93).

We were unable to detect an interaction between MCP-1 and either cardiopulmonary bypass
(p=0.3) or pulmonary hypertension (p=0.65). Median pre-operative levels did not differ
between subjects with cardiopulmonary bypass (238 pg/mL IQR: 96, 541) and those without
(230 pg/mL IQR: 115, 385) (p=0.69) There were 61 subjects with pulmonary hypertension,
who did not have higher levels of MCP-1 than those without pulmonary hypertension (179
pg/mL vs. 166 pg/mL, p=0.80).

Of the 49 subjects with information on ACR, 22 had at least one episode of grade A2
rejection or greater (45%). We were unable to examine the association between pre-
operative MCP-1 levels and time to ACR due to smaller number of subjects at this
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timepoint. There was no association between MCP-1 levels at 6 or 24 hour timepoint with
time to first episode of ACR (Supplemental Figure 2). There were 31 of 99 subjects (31%)
with BOS and 22 of 99 subjects (22%) who died. There was no association between MCP-1
levels at any timepoint and time to BOS (Supplemental Figure 3) or time to death
(Supplemental Figure 4).

Discussion
We report an association between plasma MCP-1 levels measured 24 hours after
transplantation and increased odds of PGD. The association of plasma MCP-1 levels with
PGD was significant across PGD grades and was strongest with grade 3 PGD at 72 hours, a
phenotype of persistent PGD. MCP-1 levels at 24 hours were also higher in concurrent
PGD, measured at 24 hours. Trend analyses indicated that plasma MCP-1 levels peak 6
hours after transplantation, and then decrease to below pre-operative levels at 24 hours.
Despite the decrease between 6 and 24 hours, plasma MCP-1 levels were persistently
elevated in the PGD group at the 24-hour time point. This study builds on our prior work
analyzing MCP-1 in extreme phenotypes of PGD by demonstrating the relationship between
the full spectrum of PGD using an ordinal analysis and demonstrating that the major
differences appear at later time points, indicating that plasma MCP-1 levels at 24 hours may
be used as a biomarker of PGD.

Murine models of ischemia reperfusion injury indicate that MCP-1 levels peak between 5–8
hours after injury [32], which is consistent with our finding of elevated MCP-1 in all
subjects at 6 hours, regardless of PGD. This characteristic may partly explain the lack of
association with PGD at this timepoint in our study. MCP-1 is thought to be a key activator
of pro-inflammatory macrophages, while other mediators, such as IL-4 and IL-13, activate
the alternative macrophage phenotype, which is important in clearance of apoptotic cells and
epithelial cell repair [33]. In vitro, MCP-1 secretion is inhibited by cytokines promoting the
alternative macrophage phenotype [34]. Therefore, the lack of decrease in plasma levels of
MCP-1 at 24 hours in subjects with PGD may be a marker of dysregulation of the repair
process, indicating either an inability to shift to the alternative or anti-inflammatory
macrophage phenotype or a persistent pro-inflammatory signal inhibiting a shift to an anti-
inflammatory state. Interestingly, MCP-1 levels were not associated with concurrent grade 3
PGD at 24 hours; however, MCP-1 levels were highest in those subjects who had persistent
grade 3 PGD at 72 hours. This supports our hypothesis that elevations in MCP-1 levels
persisting after 24 hours are a biomarker for ongoing inflammation and lack of injury
resolution, leading to the association at 72 hours.

Pre-operative MCP-1 levels were elevated in IPF compared to other diagnoses, consistent
with prior studies in IPF [23, 35, 36]. Experimental lung models demonstrated that MCP-1
receptor blockade decreased fibrosis and epithelial inflammation and remodeling [37]. The
pro-fibrotic properties of MCP-1 may further explain the stronger association between
MCP-1 and grade 3 PGD at 72 hours, indicating in those subjects, there may be prolonged
postoperative inflammation leading to fibrosis.

MCP-1 is thought to play a role in allograft rejection, and is increased during acute rejection
episodes of other solid organ transplants [38]. MCP-1 levels in bronchoalveolar lavage
(BAL) are elevated in acute cellular rejection (ACR) and BOS [39]. Although we did not
find an association between early MCP-1 levels and later outcomes; further studies should
focus on longitudinal measurements of MCP-1 to clarify the role of MCP-1 in both early and
late allograft dysfunction.
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There are several limitations of our study. Plasma samples were not available at every time
point for each subject, with 92 measurements at the 6 and 24-hour timepoints, and 63
measurements pre-operatively. Missing values at the pre-operative timepoint were
secondary to logistical issues with obtaining sample prior to transplantation. At the 6 and 24-
hour timepoints, missing values were secondary to failure of the assay or insufficient sample
for assay. Subjects with a complete set of data did not differ from subjects with incomplete
data in significant demographic characteristics, including recipient diagnosis and use of
cardiopulmonary bypass; making informative censoring unlikely. We do not have plasma
measurements at 72 hours after transplantation, therefore, we cannot evaluate the association
of concurrent MCP-1 levels with PGD at 72 hours. Additionally, BAL samples were not
available, and we were unable to test associations between the plasma and lung
compartment. Our cohort is not powered to study diagnosis-specific associations in all
categories of end stage lung disease; therefore we limited our disease-specific analysis to
COPD, IPF, and CF. We did not account for the possibility of concomitant infection causing
elevations in MCP-1, as these data were not collected [40]. However, any resulting
misclassification bias would likely be non-differential and thus bias our PGD results towards
the null.

In conclusion, we report that persistent elevation of the biomarker, MCP-1, at 24 hours after
transplant is present in subjects with PGD. Further research may focus on validating this
association in a larger, more heterogeneous population and elucidating the role of activated
macrophages in the development of PGD, as well as evaluating later time points in
connection with ACR and BOS. In particular, determining the predominant macrophage
phenotype at the 24-hour time point in subjects with PGD may provide important
pathophysiologic insights in future studies.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

ABBREVIATIONS

PGD Primary graft dysfunction

CCL2 Chemokine ligand 2

MCP-1 Monocyte Chemotactic Protein-1

ALI Acute lung injury

LTOG Lung Transplant Outcomes Group

IPF Idiopathic pulmonary fibrosis

COPD Chronic obstructive pulmonary disease

CF Cystic fibrosis

ACR Acute cellular rejection

BOS Bronchiolitis obliterans syndrome

PASP Pulmonary Arterial Systolic Pressure

IPAH Idiopathic Pulmonary Arterial Hypertension

ABG Arterial Blood Gas

PASP Pulmonary Arterial Systolic Pressure
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Figure 1.
Plasma MCP-1 concentration pre-transplant, 6 hours post-transplant, and postoperative day
1 stratified by diagnosis in subjects with our top three diagnoses, COPD (Chronic
Obstructive Pulmonary Disease), CF (Cystic Fibrosis), and IPF (Idiopathic Pulmonary
Fibrosis). P-values reported are for Wilcoxon rank sum test.
Horizontal line indicates median concentration. The upper and lower limits of the box
indicate the inter-quartile range.
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Figure 2.
Plasma MCP-1 concentration in subjects without grade 3 PGD within 72 hours and with
grade 3 PGD within 72 hours at each timepoint. P-values reported are for Wilcoxon rank
sum test at each time point. Horizontal line indicates median concentration. The upper and
lower limits of the box indicate the inter-quartile range.
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Figure 3.
Plasma MCP-1 concentration at the 24-hour time-point by highest grade of PGD within 72
hours. P value is reported for the non-parametric test for trend. Horizontal line indicates
median concentration. The upper and lower limits of the box indicate the inter-quartile
range. Number of subjects in each category is listed below grade (of 92 subjects with
MCP-1 level measured at 24 hours).
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Figure 4.
Plasma MCP-1 concentration in subjects with grade 3 PGD at 72 hours (persistent PGD)
compared to subjects without grade 3 PGD at 72 hours. Horizontal line indicates median
concentration. The upper and lower limits of the box indicate the interquartile range. P-value
reported is for Wilcoxon rank sum test.
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Table 1

Donor and recipient characteristics by Primary Graft Dysfunction Status.

PGD (n=30) No PGD (n=78) P Value

Diagnosis 0.02

 COPD 8 (27%) 28 (35%)

 CF 3 (7%) 17 (22%)

 IPF 11 (43%) 30 (38%)

 PPH 2 (7%) 1 (1%)

 Sarcoid 4 (13%) 1 (1%)

 CHD 1 (3%) 0 (0%)

 Other 1 (3%) 1 (4%)

Recipient Race 0.03

 Caucasian 22 (73%) 69 (88%)

 African American 7 (23%) 6 (8%)

 Hispanic 0 (0%) 3 (4%)

 Asian American 1 (3%) 0 (0%)

Female Recipient 12 (40%) 40 (53%) 0.24

Recipient Age 53 ± 11 52 ± 13 0.64

Donor Race 0.82

 Caucasian 20 (67%) 42 (56%)

 African American 5 (17%) 20 (27%)

 Hispanic 3 (10%) 7 (9%)

 Asian American 1 (3%) 4 (5%)

 Other 1 (3%) 2 (3%)

Female Donor 13 (41%) 40 (52%) 0.28

Donor Age 38 ± 14 36 ± 14 0.48

Donor Smoking 9 (30%) 14 (20%) 0.29

Donor PaO2 316 ± 131 320 ± 118 0.86

Collection Site 0.50

 Columbia 16 (50%) 36 (46%)

 Penn 14 (47%) 42 (54%)

Bilateral Transplant 24 (80%) 48 (62%) 0.07

Use of CBP 19 (63%) 30 (38%) 0.02

CBP TIME (min) 218 ± 65 228 ± 55 0.60

Mean PAP 32 ± 12 27 ± 8 0.07

Median MCP-1 (pg/mL)

 Pre-transplant 266 (111, 409) 173 (101, 411) 0.71

 6 hours post transplant 505 (370, 984) 383 (207, 883) 0.06

 24 hours post transplant 168 (99, 351) 104 (51, 225) 0.04

*
PGD represents all subjects who developed grade 3 PGD within 72 hours.

COPD=Chronic Obstructive Lung Disease, IPF=Idiopathic Pulmonary Fibrosis, CF=cystic fibrosis, CHD=congenital heart disease, PaO2=partial
pressure of oxygen
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Table 2

Bivariable analysis of MCP-1 measured at 24 hours and PGD

Variable Odds Ratio (95% CI)
PGD

p value Odds Ratio (95% CI)
Persistent PGD

p value

MCP-1 per 100 pg/mL (n=92) 1.24 (1.00, 1.53) 0.048 1.57 (1.18, 2.09) 0.002

Adjusted for CBP 1.23 (1.00, 1.53) 0.05 1.55 (1.17, 2.07) 0.003

 Recipient Race 1.24 (0.98, 1.56) 0.07 1.58 (1.18, 2.11) 0.002

 Recipient Diagnosis 1.24 (0.99, 1.54) 0.06 1.59 (1.18, 2.13) 0.002

 Recipient Sex 1.27 (1.02, 1.58) 0.03 1.59 (1.19, 2.14) 0.002

 Recipient Age 1.24 (1.00, 1.53) 0.05 1.59 (1.18, 2.14) 0.002

 Donor Sex 1.30 (1.02, 1.65) 0.03 1.75 (1.24, 2.46) 0.001

 Donor Age 1.24 (0.99, 1.55) 0.06 1.59 (1.18, 2.15) 0.002

 Donor Race 1.24 (0.99, 1.54) 0.05 1.57 (1.18, 2.09) 0.002

 Donor Smoking 1.22 (0.98, 1.52) 0.07 1.62 (1.18, 2.23) 0.003

 Donor PaO2 1.25 (0.99, 1.58) 0.06 1.62 (1.19, 2.20) 0.002

 Blood (ml) during first 24 hrs 1.25 (1.00, 1.55) 0.05 1.56 (1.17, 2.08) 0.002

 Intra-operative crystalloid (ml) 1.25 (0.98, 1.60) 0.07 1.58 (1.18, 2.13) 0.002

 Transplant type 1.24 (0.99, 1.55) 0.06 1.59 (1.18, 2.13) 0.002

 PASP at transplantation 1.25 (0.99, 1.55) 0.05 1.57 (1.18, 2.09) 0.002

*
PaO2=partial pressure of oxygen, PASP=pulmonary artery systolic pressure
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