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ABSTRACT

Background. Chronic kidney disease (CKD) after lung transplantation (LT) is underestimated. The aim of the present study was to
measure the loss of glomerular filtration rate (GFR) 1year after LT and to identify the risk factors for developing Stage >3 CKD.

Methods. LT patients in the University Hospital of Lyon had a pre- and post-transplantation measurement of their GFR
(mGFR), and GFR was also estimated using the Chronic Kidney Disease Epidemiology Collaboration equation.

Results. During the study period, 111 patients were lung transplant candidates, of which 91 had a pre-transplantation mGFR,
and 29 had a mGFR at 1year after LT. Six patients underwent maintenance haemodialysis after transplantation. Mean mGFR
was 106 mL/min/1.73 m? before LT and 58 mL/min/1.73m? 1 year after LT (P < 0.05) with a mean loss of 48 mL/min/1.73 m? per
patient. The risk of developing Stage >3 CKD after LT was higher in patients with lower pre-LT mGFR (odds ratio for each 1mL/
min/1.73m? increase: 0.94, 95% confidence interval 0.88-0.99). Receiver operator characteristics curves for the sensitivity and
specificity of eGFR and mGFR for the prediction of CKD Stage >3 after LT found that pre-LT mGFR of 101 mL/min/1.73m? and
pre-LT eGFR of 124 mL/min/1.73 m? were the optimal thresholds for predicting Stage >3 CKD after LT.

Conclusion. The present study underlines the value of mGFR in the pre-LT stage and found major renal function loss after LT,
and consequently two-thirds of patients have Stage >3 CKD at 1year. All patients with a pre-LT mGFR <90 mL/min/1.73 m?
warrant particular attention.
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INTRODUCTION

Lung transplantation (LT) is an established treatment for
patients with end-stage lung disease and the median survival is
6years [1]. Graft rejection prevention requires high doses of im-
munosuppressive therapies leading to increased direct toxicity
and infectious complications [2]. Chronic kidney disease (CKD)
remains one of the most common complications in lung trans-
plant patients. At 5 years post-transplant, 14% have a serum
creatinine levels >220 ymol/L, 2.4% are on maintenance dialysis
and 0.9% require kidney transplantation [1, 3]. The use of calci-
neurin inhibitors (cyclosporine or tacrolimus) has been reported
to be the main cause of post-transplantation renal dysfunction
[2]. However, few studies have focused on the immediate renal
outcomes of LT in the first year of transplantation. Ojo et al. [4]
found that age, post-operative acute kidney injury (AKI), pre-
morbid hypertension and diabetes mellitus were associated
with an increase in the frequency of CKD onset after LT; further-
more, chronic renal failure was associated with a 4-fold increase
in mortality [relative risk of death, 4.55; 95% confidence interval
(CI) 4.38-4.74] [4]. Sikma et al. [5] identified early high serum
level of tacrolimus as a significant risk factor for the onset of
AKI. Moreover, 46% of LT had AKI and the recovery rate after
AKI was low (19%), with a cumulative incidence of severe CKD
at 1year of 15% [5]. Solé et al. [6] found that older recipient age,
low body mass index (BMI) and use of cyclosporine/azathioprine
were associated with the onset of CKD after LT; 50% of LT
patients had developed CKD at 6 months and almost 80% at
2years.

Furthermore, because low estimated glomerular filtration
rate (eGFR) before LT is associated with worse outcome and
mortality, a reliable detection of an impaired renal function be-
fore LT is critical [7]. However, most LT recipients have previ-
ously experienced a long period of debilitating chronic
pulmonary disease, and their muscular mass is decreased,
which renders the use of serum creatinine level for the estima-
tion of GFR unreliable. Inulin or iohexol clearance remains the
gold standard for the measurement of GFR, and as it is
completely independent of muscular mass, it can perfectly de-
scribe GFR in LT candidates. Thus, Degen et al. [8] found that
eGFR using Cockcroft and Gault and Modification of Diet in
Renal Disease (MDRD) formulas have a poor performance com-
pared with measured GFR (mGFR) in LT recipients, while the
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula was considered to have satisfactory performance pre-
LT, although the accuracy was poor.

Although post-LT onset of CKD seems to be associated with
pre-LT GFR [6], and eGFR is reported to be unreliable in these
patients [8], there is no published study that has investigated
loss of renal function using mGFR. The aim of the present study
was therefore to determine the loss of renal function, as
assessed by eGFR and mGFR at 1year after LT, and also to iden-
tify the risk factors of the onset of CKD and end-stage renal dis-
ease (ESRD) requiring maintenance haemodialysis (HD) among
LT recipients.

MATERIALS AND METHODS

Data collection

Between January 2012 and April 2016, we retrospectively in-
cluded all LT recipients referred to our unit with pre-LT mGFR,
and collected all available pre- and post-LT eGFR (CKD-EPI) and
mGFR (inulin or iohexol clearance) results. Post-LT GFR was
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assessed at 1year after LT. Demographic, medical and biological
findings were collected retrospectively. CKD was defined
according to the KDIGO definition [9]. AKI was defined according
to the KDIGO classification [10], and events occurring within the
first 30 days after LT were considered in the present study. CKD
was also defined according to the KDIGO classification, and CKD
Stages 1 and 2 was defined by the presence of an albuminuria
[9]. The study was conducted in accordance with the
Declaration of Helsinki and was approved by the local ethical
committee.

GFR estimation and measurement

All plasma creatinine values were obtained in clinically stabi-
lized patients using the Siemens enzymatic method (on the
Dimension Vista System, Siemens Healthcare, Erlangen,
Germany) traceable to National Institute of Standards and
Technology Creatinine Standard Reference Materials 914 (veri-
fied with National Institute of Standards and Technology SRM
967) with calibration certified by isotope dilution mass spec-
trometry. mGFR was performed by the gold standard methods:
inulin (pre-LT) or iohexol (pre-LT and post-LT) clearance meas-
urements [11]. mGFR was indexed (mGFRr) to the body surface
area (BSA) as determined by the Dubois and Dubois BSA formula
[0.0071843*total body weight (kg)®****height (cm)®’??] [12]. GFR
was also estimated (eGFR) by the CKD-EPI formula as previously
described [13].

Statistical analyses

Statistical analyses were performed using Prism software, ver-
sion 6 (GraphPad software, La Jolla, CA, USA) and the R software
(R foundation for Statistical Computing, Vienna, Austria).
Simple comparisons were performed using Student’s t-test.
Variables associated with Stage >3 CKD at 1year after LT were
evaluated in univariate analysis; odds ratios were computed us-
ing the Woolf logit method [14]. Variables with a P < 0.20 in uni-
variate analysis were included in multivariate models of Stage
>3 CKD at 1year after LT. Akaike and Bayesian information cri-
teria were calculated for each model. Receiver operator charac-
teristics (ROC) curves for the prediction of Stage >3 CKD at
1year of LT were built for eGFR and mGFR before LT.

RESULTS
Population characteristics

A total of 111 patients were candidates for a LT between January
2012 and April 2016. Among these, 91 were transplanted and
had a pre-transplantation mGFR available and were included.
Twenty-nine (32%) had an available mGFR at 1lyear of trans-
plantation (Supplementary data, Figure S1). Principal demo-
graphic and clinical characteristics are presented in Table 1. At
the time of censoring, 13 patients had died (14%) and 6 (7%)
were on maintenance HD.

Loss of renal function after LT

Mean * standard deviation (SD) mGFR was 106 + 24 mL/min/
1.73m? before LT and 58 * 17 mL/min/1.73m? at 1lyear after
transplantation (n=29); the mean decrease for individual
patients was 48 + 22 mL/min/1.73m? (P < 0.05; Figure 1A). Stage
>3 CKD was present in 7% (6/91) of patients before LT, and 66%
(23/35) after LT. All LT recipients had a decrease of >25% in their
baseline mGFR at 1 year after LT and 60% had lost >50%.
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Table 1. Clinical characteristics of LT recipients

Variable Total population, n=91 mGFR post-LT, n=29 ESRD patients after LT,n=6
Age, years 46.5*+14.8 43.8+15.1 51.8+9.7
Male sex, n (%) 49 (54) 11 (38) 4 (67)
BMI, kg/m? 20.5+4.3 20.1x43 227 £34
Primary pulmonary disease, n (%)
Cystic fibrosis 32 (35) 16 (55) 1(16)
Idiopathic pulmonary fibrosis 15 (16) 4 (14) 1(17)
COPD 2(2) 1(3) 0
Pulmonary hypertension 6(7) 1(3) 0
Other 36 (40) 7 (24) 4(67)
Type of lung transplant procedure, n (%)
Single LT 26 (29) 5(17) 0(0)
Bilateral LT 56 (61) 20 (69) 4(67)
Heart-LT 9 (10) 4(14) 2(33)
Comorbidities prior to LT, n (%)
Stage >3 CKD 6(7) 0(0) 2(33)
Albuminuria 23 (25) 8 (28) 5(83)
Hypertension 5(5) 1(3) 1(17)
Diabetes mellitus 14 (15) 11 (38) 1(17)
Current smoker 6(7) 5(17) 1(17)

Data are expressed as mean * SD or n (%). COPD, chronic obstructive pulmonary disease .
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FIGURE 1: Loss of mGFR and eGFR renal function after LT. (A) The mean + SD loss of renal function post-LT was 48 + 22 mL/min/1.73m? corresponding to a relative
loss of 55%. Pre-LT and post-LT mGFR values were significantly different. mGFR was measured using either inulin or iohexol clearance (see Concise Method section).
(B) The mean * SD loss of renal functionpost-LT was 58 + 27 mL/min/1.73 m?, corresponding to a relative loss of 52%. Pre-LT and post-LT eGFR values were significantly
different. eGFR was estimated with CKD-EPI formula (see Concise Method section). *P < 0.05, paired t-test.

Regarding eGFR, the difference between before and after LT
was also significant; pre- and post-LT mean+ SD values were
122+23 and 63+24ml/min/173m? (n=29), respectively.
Mean + SD decrease for individual patients at 1year after LT was
58 + 27 mL/min/1.73 m? (P < 0.05; Figure 1B). According to the CKD-
EPI formula estimation, 78% of the patients had a decrease of
>25% of eGFR at 1year after LT, and 37% had a decrease of >50%.

Characteristics of LT recipients according to their
post-LT CKD stage (n = 35)

In patients with post-LT CKD, LT recipients with Stage 1 or
2 CKD were significantly younger than those with Stage

>3 CKD and maintenance HD patients at the time of
transplantation, and had a higher pre-transplantation
mGFR than both patients with Stage >3 CKD and maintenance
HD patients (Supplementary data, Table S1). With pre-
transplantation eGFR, only LT recipients with Stage 1 or 2 CKD
had a higher pre-transplantation mGFR than maintenance HD
patients. Patients requiring maintenance HD after LT had
a lower mean=*SD pre-transplantation mGFR than
patients with post-LT non-HD-dependent CKD (74 + 7 versus
108 + 5 mL/min/1.73m? P <0.05). All patients requiring post-
LT maintenance HD had initially presented a renal replace-
ment therapy (RRT)-requiring AKI episode (Supplementary
data, Table S1).
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Risk factors of CKD and ESRD after LT (n = 35)

In a univariate logistic regression, age at LT and pre-LT mGFR
were associated with a higher risk of developing Stage >3 CKD
after LT; cystic fibrosis and diabetes were associated with a
lower risk (Table 2). Interestingly, pre-LT serum creatinine and
eGFR were not associated with a higher risk of developing Stage
>3 CKD after LT (Table 2). In a multivariate logistic regression
adjusted on age, pre-LT mGFR remained significantly associated
with a higher risk of developing Stage >3 CKD after LT, while
eGFR did not (Table 2). In a multivariate linear regression, mGFR
was also associated with a higher risk of developing Stage >3
CKD after LT, while eGFR was not (Supplementary data,
Table S2).

ROC curves for the sensitivity and specificity of eGFR and
mGFR for the prediction of CKD Stage >3 after LT found that
pre-LT mGFR of 101 mL/min/1.73m? was the optimal threshold
for predicting Stage >3 CKD after LT (Supplementary data,
Figure S2); sensitivity was 75% (95% CI 53-90) and specificity
82% (95% CI 48-98; Supplementary data, Table S3a). For eGFR,
the optimal threshold was 124 mL/min/1.73m? with sensitivity
67% (95% CI 45-84) and specificity 70% (95% CI 35-93;
Supplementary data, Table S3b). There was no statistical differ-
ence between the two ROC curves (P =0.07).

Pre-LT serum creatinine (1.17, 95% CI 1.06-1.38) and either
eGFR per 1mL/min/1.73 m? increase (0.94, 95% CI 0.88-0.99) or
mGFR per 1 mL/min/1.73 m? increase (0.91, 95% CI 0.80-0.97) and
length of stay in the intensive care unit per 1day increase (1.08,
95% CI 1.02-1.17) were risk factors of developing ESRD after LT
(P <0.05, n=35; Supplementary data, Table S4).

Performance of eGFR before and after LT

The mean = SD pre-LT eGFR was significantly different from
pre-LT mGFR (122 =4 versus 106+ 5ml/min/1.73m? respec-
tively; n=91, P<0.05). There was no significant difference
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between eGFR and mGFR when measured after LT (58 = 3 versus
63 + 5mL/min/1.73 m? respectively; n =35, P =0.3835).

Prior to LT (n=91), the Bland-Altman plot indicates that,
compared with mGFR, the mean = SD absolute bias of CKD-EPI
eGFR was 18.7 * 17.7 mL/min/1.73 m?, precision 24 and P30 accu-
racy was 64%,; for post-LT (n=29), the mean * SD absolute bias
was 5.0 = 11.1 mL/min/1.73 m?, precision was 18 and P30 accu-
racy was 85% (Figure 2). The mean bias between mGFR and
eGFR was significantly higher in pre-LT than in post-LT
(P <0.0001).

Prior to LT, eGFR led to a misclassification of CKD stage in
29/91 patients (32%): 23 patients with Stage 1 CKD according to
mGFR were classified as Stage 2 (24%), 3 patients with Stage 2
CKD were classified as 3a (3%) and 3 with Stage 1 CKD were clas-
sified as 3a (3%).

DISCUSSION

In the present study, a significant loss of renal function at 1year
of LT was observed. Consequently, we confirm the high preva-
lence of Stage >3 CKD among LT recipients according to mGFR.
In the registry of the International Society for Heart and Lung
Transplantation, the prevalence of renal dysfunction was rela-
tively high, but notably lower than that found herein; the preva-
lence was 22.5% 1lyear after LT and ~50% after S5years.
However, renal dysfunction definition in this registry was based
on a creatinine level >220 umol/L, which is known to be subject
to variations [1], and therefore the difference can then be
explained by the definition of renal dysfunction used herein
which is in accordance with KDIGO recommendations. It is also
of note that Solé et al. [6] found Stage >3 CKD at 1year of LT in
69% of LT patients based on MDRD GFR estimation.

We identified that mGFR <101 and consequently 90 mL/min/
1.73m? was associated with an increased risk of Stage >3 CKD
at 1-year post-LT. As age before LT, cystic fibrosis and diabetes

Table 2. Risk prediction of post-transplantation mGFR Stage >3 CKD, n=35

Univariate analysis

Multivariate analysis®

0Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value AIC BIC
Sex: male 0.32 (0.06-1.51) 0.16
Age at time of LT (per 1 year) 1.09 (1.02-1.19) 0.02
Age >50 years at time of LT 10 (1.45-203.74) 0.02
BMI >18 kg/m? at time of LT 5.54 (1.20-25.69) 0.02
Cystic fibrosis before LT 0.14 (0.02-0.75) 0.03
Diabetes mellitus before LT 0.09 (0.01-0.53) 0.01
Previous smoker 2.46 (0.29-52.83) 0.46
Pre-LT serum creatinine (per 1 U increase) 1.03 (0.96-1.1) 0.45
Pre-LT mGFR (per 1mL/min/1.73 m? increase) 0.94 (0.88-0.98) 0.01 0.94 (0.88-0.99) 0.04 33.6 38.3
Pre-LT mGFR <90 mL/min/1.73 m? 8(1.15-163.07) 0.07 10.7 (1.5-221.8) 0.04 37.6 42.3
Pre-LT mGFR <101 mL/min/1.73 m? 10.93 (2.16-85.04) 0.01
Pre-LT eGFR (per 1 mL/min/1.73 m? increase) 0.97 (0.93-1.01) 0.17 1.00 (0.95-1.05) 0.96 39.4 44.0
Pre-LT eGFR <90 mL/min/1.73 m? 2.1 x 107 (0-+Inf) 0.99 2.8 x 107 (0-+1Inf) 0.99 40.0 446
Pre-LT eGFR <124 mL/min/1.73 m? 4.67 (1.01-26.57) 0.06
Pre-LT albuminuria (per 1U increase) 1.06 (0.99-1.38) 0.33
ECC >200 min 0.28 (0.05-1.38) 0.13
Length of stay in ICU (per 1 day increase) 1.14 (1.01-1.42) 0.13
Mean tacrolimus first month >10 0.9 (0.18-4.21) 0.43
AKI after LT 1.6 (0.3-8.48) 0.57

Methods: univariate and multivariate logistic regressions, P < 0.05 was considered as significant. eGFR and mGFR are expressed in mL/min/1.73m?

2The multivariate model was adjusted for age.

AIC, Akaike information criterion; BIC, Bayesian information criterion; CF, cystic fibrosis; ECC, extra-corporeal circulation.
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FIGURE 2: Bland-Altman plot of eGFR - mGFR in pre- and post-LT. (A) Mean bias was 18.7 + 17.7 mL/min/1.73 m? for eGFR versus mGFR in pre-LT patients. (B) Mean bias
was 5.0 = 11.1 mL/min/1.73 m? for eGFR versus mGFR in post-LT patients. The solid line represents the mean difference and the dotted and dashed line the 95% limit of
agreement. Pre-LT eGFR exhibited a significantly higher systematic bias and less accuracy compared with mGFR. Post-LT eGFR was as performant as mGFR.

mellitus were associated with CKD Stage >3 after LT in the uni-
variate analysis, we performed a multivariate linear analysis
that confirmed the significant association of mGFR. We also
confirmed that eGFR was not relevant for evaluating the risk of
CKD post-LT as the threshold value of risk was relatively high
(124 mL/min/1.73 m? and not associated with post-LT CKD (see
Table 2). In the study reported by Ojo et al. [4], AKI was also asso-
ciated with an increased risk of CKD after LT, while herein, this
was only the case in patients requiring RRT for AKI (in univari-
ate analysis). Surprisingly, extracorporeal circulation (ECC) was
not associated with a higher risk of developing CKD after LT.
However, as almost all the LT recipients underwent surgery
with ECC, this factor was not discriminant. Moreover, no signifi-
cant difference was observed regarding ECC duration or type
(data not shown).

The relatively high level of mGFR found to be associated
with the CKD risk can be explained by at least two related
causes. First, a significant proportion of the cohort of LT recipi-
ents suffered from cystic fibrosis, which is known to be a condi-
tion at risk of renal dysfunction [15, 16]. In such patients, GFR is
relatively high because of a glomerular hyperfiltration.
Secondly, this can also be explained by a higher frailty of the
kidneys in response to the necessary and multiple kidney inju-
ries after LT (e.g. ECC, nephrotoxic antibiotics and immunosup-
pressive therapies). Nevertheless, as LT recipients with cystic
fibrosis are younger (data not shown), this can explain why this
was not associated with an elevated risk of developing Stage >3
CKD after LT herein.

Taken together, the results presented herein strengthen the
real relevance of mGFR among LT recipient candidates, espe-
cially since a pre-LT Stage >3 CKD is reported to be associated
with an increased mortality after LT elsewhere [7]. Our results
confirmed that in a specific population (LT candidates herein),
mGFR and especially with iohexol plasmatic clearance is easy to
handle and critical to better classify patients’ renal status [17,
18]. However, the impact of CKD after LT on mortality remains
unclear. Among LT recipients, patients who required post-LT
maintenance HD had a lower yet preserved pre-LT mGFR (i.e.
CKD Stage II); these patients experienced AKI requiring RRT im-
mediately after LT and were significantly older than those with
post-LT CKD Stages 1 and 2. Thus, in pre-LT work-up, increased
attention is warranted in any patient with an mGFR <90mL/
min/1.73m? and older age as this association could be associ-
ated with maintenance HD after LT.

Despite interesting results, the present study does suffer
from certain limitations. For instance, the single-centre design

limited the sample size, although relatively large for LT, which
precluded more thorough statistical analysis. Moreover, the ret-
rospective analysis of the data is likely to have led to measure-
ment and selection bias. However, most of the results were
consistent with the existing literature and we can rely on the re-
producibility and accuracy of mGFR for the extrapolation of the
results.

In conclusion, the present study underlines the value of
mGFR in the pre-LT stage and found major renal function loss
after LT, and consequently two-thirds of the patients have
Stage >3 CKD at lyear. All patients with a pre-LT mGFR <101

and consequently 90 mL/min/1.73 m? warrant
particularattention.
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