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Summary

Lobar lung transplantation is used mainly for urgent small recipients who are less

likely to obtain size matched lungs in due time. Only limited numbers have been

published, and we herewith report the largest series of lobar-LuTX. We analyzed

our LuTX database from 1/2001 to 12/2012 and compared the outcome of lobar-

LuTX recipients with those receiving standard LuTX. Seven hundred and seventy-

eighty LuTX (group 1) were performed either in standard technique by implant-

ing the whole lungs (n = 539) or with downsizing by wedge resection of the right

middle lobe and/or the left lingula (n = 239). One hundred and thirty-eight

LuTX were performed in lobar technique (group 2) to overcome more pro-

nounced size discrepancies. Patients in group 1 had a different spectrum of diag-

noses and were less frequently bridged to LuTX (P < 0.001). Intubation time,

ICU stay, and hospital stay were shorter in group 1 (P < 0.001). One-year survival

was 84.8% vs. 65.1%, and 5-years survival 69.9% vs. 54.9% (P < 0.001). In multi-

variate analyzes, procedure, diagnosis, and pre-operative bridging were shown to

be significant prognostic factors in survival. Early postoperative outcome in Lobar

LuTX was significantly inferior to standard LuTX recipients. However, survival

rates of successfully dismissed patients were comparable with standard LuTX

(P = 0.168); thereby, Lobar-LuTX remains an important option in the manage-

ment of urgent small recipients.

Background

Lung transplantation is well established as the standard

therapy for end stage lung failure. Two decades and

numerous achievements since the beginnings of lung trans-

plantation, graft incompatibilities, and donor lung short-

age are still major limiting factors. Several organizational

and technical progresses have been adopted to increase

organ supply. Among operative techniques, segmental

resection [1,2], lobar transplantation [3,4], and split trans-

plantation [5,6] have been developed since 1994 to over-

come the shortage of small donor lungs for pediatric and

small adult recipients. These procedures eased size restric-

tions within the donor pool and maximized donor lung

utilization and thereby reduced waiting time and waiting

list mortality.

Whereas smaller size discrepancies between donor and

recipient can be overcome by peripheral wedge resection,

more pronounced size differences demand lobar or split

lung transplantation. Yet, due to the challenging technical

aspects, only few centers have adopted the lobar trans-

plantation method in their clinical routine [7–10], and

only a very limited number of papers report long-term

outcome with lobar transplantation from deceased donors

[11–13].
We previously reported our early experience with differ-

ent forms of deceased donor size-reduced LuTX, with

regard to waiting time implications, perioperative compli-

cations, and short term outcomes in 2003 [14,15]. Since

that time, the number of unilateral and bilateral lobar

LuTX at our institution has significantly increased and we

now summarize our extended experience.
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Patients and methods

This publication reports the analysis of our prospective

lung transplant database from 1/2001 to 12/2012. Approval

was given by the ethics committee of the Medical Univer-

sity Vienna (nr. 1363/2013).

During this observation period 945 patients underwent

primary lung transplantation at our center. Patients who

underwent a combined heart lung transplantation (n = 15)

and split transplantation (n = 14) were excluded from the

analysis. Of the remaining 916 patients, 796 (86.9%) under-

went bilateral LuTX and 122 (13.1%) underwent single

LuTX. The type of surgery (SLuTX or BLuTX) was not

taken into account for group assignment and statistical

evaluation. Five hundred and thirty-nine (58.8%) patients

underwent standard LuTX of whole lungs, 239 (26.1%)

underwent a size reduction by resection of the right middle

lobe and/or the left lingula, 45 (4.9%) underwent a double

sided lobar transplantation, and 93 (10.2%) underwent a

single sided lobar transplantation in combination with a

standard or size-reduced LuTX on the contralateral side.

Patients were assigned into groups according to the per-

formed size reducing technique (Table 1).

Size matching was based on the calculated TLC of the

donor and the predicted and actual TLC of the recipient

prior to organ recovery. No cut-off values were used and

the decision to accept oversized lungs for successive lobar

LuTX was solely based on the estimated urgency of the

recipient. The definite choice of procedure was made

during surgery after comparison of the thoracic cavity

and the size of the donor lungs. Wedge resections were

performed to correct small size discrepancies, whereas

lobar LuTX were carried out to correct more significant

size-mismatches. Donor lung recovery was performed en

bloc and the separation for lobar LuTX was achieved on

a back table prior to implantation. Handling of the lobes

was standardized. Parenchymal bridges were divided with

commercial stapler devices, and peribronchial tissue was

preserved to guarantee sufficient bronchial blood supply.

The bronchial anastomosis was performed in an end to

end fashion with a 5/0 PDS running suture, and bron-

chial size discrepancies were adjusted over the whole cir-

cumference. For vascular anastomosis, stumps were kept

as short as possible in order to avoid any kinking. The

venous anastomosis was either performed with one pul-

monary venous stump in cases of extraordinary size-mis-

match or with use of the whole atrial cuff to guarantee a

wide lumen. Usually, bilateral LLuTX were performed

with extracorporeal support to avoid initial overflow of

the first implanted lobe.

Size-reduced lung transplantation by wedge resection

consisted of resecting the right middle lobe and/or the left

lingula and was usually performed after implantation of the

entire lung.

The performed statistical analysis compares the short

and long-term outcome of lobar LuTX recipients (group 2)

to those receiving standard donor organs or downsizing by

simple wedge resection (group 1). Furthermore, a subanal-

ysis was performed with the groups presented in Table 1.

The analysis was conducted using IBM SPSS Statistics 21.

Descriptive statistics were used, and data are expressed as

median and range. Data in parenthesis are always expressed

as group 1 versus group 2. Metric data were compared

using t-test, and nominal data were compared by means of

chi-squared test. Survival of patients between the groups

was presented using Kaplan-Meier curves with P values cal-

culated using log-rank (Mantel-cox) tests. Additionally, a

cox regression analysis was performed to determine the

impact and the independence of different factors on sur-

vival. The cox regression model was adjusted for age, reci-

pient diagnosis, performed procedure (SLuTX, DLuTX),

size reducing measures, and bridging-to-LuTX options.

Two-sided P values <0.05 were considered to be statistically

significant.

Results

Recipient demographics

Patients in group 1 were significantly older than patients

in group 2 [51.6 (0.6–71.4) vs. 36.4 (7.3–72.2) years;

P < 0.001]. Furthermore, pediatric patients (<18 years)

were significantly more likely to obtain a lobar transplan-

tation (3.9% vs. 14.5; P < 0.001). In group 1, there were

significantly less female patients (45.2% vs. 58.0%;

P = 0.006). The spectrum of diagnoses was significantly

different in both groups (Group 1 versus Group 2; CF:

Table 1. Group assignment and number of cases.

Main groups Sub-groups Total DLuTX SLuTX

Group 1: no or

minor size

reduction (n = 778)

Group 1.1. no size

reduction

n = 539 428 111

Group 1.2. size

reduction by

lingula and/or

middle lobe

resection

n = 239 230 9

Group 2: lobar

LuTX (n = 138)

Group 2.1.

unilateral lobar

transplantation

with contralateral

standard LuTX

n = 93 93 0

Group 2.2.

bilateral lobar

transplantation

n = 45 45 0

Total 916 796 120
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18.4% vs. 34.8%; Fibrosis: 19.4% vs. 33.3%; PAH: 6.0%

vs. 5.8%; COPD: 40.4% vs. 11.6%; and P < 0.001).

Patients in group 2 were significantly more frequently

listed as “high urgent” (7.5% vs. 21.9%; P < 0.001) and

required more often a bridging therapy prior to LuTX

(7.5% vs. 23.3%; P < 0.001). These bridging options

were: noninvasive ventilation (1.4% vs. 2.9%), intubation

without ECMO (3.6% vs. 7.3%), and ECMO (2.5% vs.

13.1%). As the largest portion of the observation period

was before implementation of the lung allocation score

(LAS) at our center, no meaningful calculations could be

performed regarding LAS. Recipient characteristics are

presented in Table 2.

Donor characteristics

Donors were more often males (54.1%). Within the two

groups, the sex of the donors did not differ significantly

(males group 1: 52.3%; males group 2: 63.2%; P = 0.062).

Causes of death showed no significant difference between

the groups. Donor height, donor weight, and donor TLCp

were significantly higher in group 2 [170 cm (106–201) vs.
175 cm (150–190) P = 0.007; 70 kg (15–130) vs. 75 kg

(22–110) P = 0.026; and 5.8 l (1.4–9) vs. 6.9 l (4.1–8.1)]
P = 0.002. The duration of intubation of the donors and

the PaO2 prior to organ recovery (Fio2 = 1.0) did not dif-

fer significantly between the groups.

Intra- and perioperative characteristics

Intraoperative extracorporeal support (routinely performed

with central veno-arterial ECMO at our center) was used

more frequently in group 2 (46.6% vs. 71.7%; P < 0.001).

In group 2, recipients remained more often postoperatively

prolonged on ECMO (13.6% vs. 29.1%; P < 0.001) and

they were more often in need for postoperative ECMO sup-

port due to primary graft dysfunction (PGD) (1.6% vs.

4.4%; P < 0.001). Postoperative ECMO support was always

(a) 1 year survival 3 year survival 5 year survival

Group 1 (normal/size red.) 0.848 0.771 0.699

Group 2 (lobar LuTX) 0.651 0.631 0.549

(b) 1 year survival 3 year survival 5 year survival

Group 1.1 normal 0.858 0.792 0.717

Group 1.2 size reduced 0.825 0.712 0.650

Group 2.1 unilateral lobar 0.645 0.618 0.530

Group 2.2 bilateral lobar 0.667 0.667 0.606
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Figure 1 Kaplan-Meier curves comparing survival after LuTX according

to the performed size reducing measure. (a) Survival curves of the main

groups (P < 0.001). (b) Survival curves of the sub-groups (significant dif-

ferences determined by log-rank test: 1.1 vs. 2.1 P < 0.001; 1.1 vs. 2.2

P = 0.005; and 1.2 vs. 2.1 P = 0.026).
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Figure 2 Kaplan-Meier curves comparing survival after exclusion of in-

hospital deceased patients according to the performed size reducing

measure. (a) Survival curves of the main groups (P = 0.168). (b) Survival

curves of the sub-groups. (1.1 vs. 1.2 P = 0.178; 1.1 vs. 2.1 P = 0.019;

1.1 vs. 2.2 P = 0.568; 1.2 vs. 2.1 P = 0.221; 1.2 vs. 2.2 P = 0.279; and

2.1 vs. 2.2 P = 0.09).
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achieved by peripheral VA cannulation. Cardio pulmonary

bypass (CPB) was used in the early part of the evaluation

period or in case of concomitant cardiac procedures (group

1: 1.6% vs. group 2: 3.0%). Details of the use of extracorpo-

real support are presented in Table 3.

Recipient outcome

Perioperative complications were more frequent in group

2. These patients needed more often a surgical revision

(8.4% vs. 18.8%; P < 0.001) and had more often reperfu-

sion edema in the first X-ray image after LuTX (17.8% vs.

44.1%; P < 0.001).

Patients who underwent lobar LuTX (group 2) remained

longer intubated after surgery [1.0 (0–134) vs. 6.0 (1–61)
days P < 0.001]. They remained longer on the ICU [6.0 (1–
180) vs. 17.0 (1–122) days; P < 0.001] and remained hospi-

talized for a longer period of time [22.0 (1–180) vs. 33.5

(1–147) days; P < 0.001].

In-hospital mortality (7.6% vs. 20.3%; P < 0.005) and

30-day mortality were lower in group 1 (4.4% vs. 10.2%;

P = 0.005).

Causes of death showed no significant differences

between the two groups neither in successfully dismissed

patients (noncmv infection: 60.9% vs. 74.1%; bronchiolitis

10.3% vs. 14.8%; cardiac 3.8% vs. 0.0%; graft failure 1.3%

vs. 0.0%; P = 0.47) nor in patients deceased without being

discharged from hospital (noncmv infections: 56.4% vs.

50%; graft failure 10.9% vs. 17.9%; cardiac 7.3% vs. 10.7%;

multiorgan failure 5.5% vs. 7.1%; P = 0.58).

Long-term survival was significantly better in group 1

(1 year 84.8% vs. 65.1%; 3 years 77.1% vs. 63.1%; 5 years

69.9% vs. 54.9%; P < 0.001; Fig. 1). Within the sub-

groups, log-rank test showed no significant survival differ-

ence between the normal (1.1) and the wedge resection

(1.2) groups nor between the unilateral (2.1) and the bilat-

eral (2.2) lobar groups. In a second univariate survival

analysis, only patients who were successfully dismissed

from hospital were taken into account (n = 829). In this

survival analysis conditional on hospital discharge, no sig-

nificant difference in survival could be observed between

both groups (P = 0.168; Fig. 2). In multivariate survival

analyzes, recipient sex (P = 0.03), age (P < 0.01), and cer-

tain diagnosis (COPD: P < 0.01) were found to be signifi-

cant independent prognostic factors. Furthermore the

choice of procedure (P < 0.01), the type of size reduction

(lobar LuTX: P < 0.01), and the preoperative bridging

(intubation: P = 0.01; ECMO: P = 0.01) showed highly

significant impact on survival. Hazard ratios and confi-

dence intervals are presented in Table 4.

However, the time from LuTX to the diagnosis of BOS

>0p was comparable between both groups (896 (96–3844)
vs. 822 (388–1572) days; P = n.s.).

Discussion

Despite the worldwide increasing number of LuTX per-

formed, the gap between the potential number of recipients

and available donor organs is increasing to an even greater

extent. Various achievements have been introduced to

increase the available donor pool. Legislative background

and organ allocation regulations did have a major impact

on waiting list mortality and the indication spectrum of the

recipients. This was impressively demonstrated by the shift

of COPD toward IPF patients which occurred with the

introduction of the LAS score. The extension of donor lung

criteria and in-vivo improvement of donor lungs by active

donor management have become clinical routine. Living

donation [8,9,16] and donation after circulatory death do

further expand the available donor pool. Finally, the

recently introduced evaluation and reconditioning of

donor lungs with ex vivo lung perfusion (EVLP) has gained

enormous interest and holds great potential for the future.

Besides all these approaches, there is still a need to use

organs from oversized donors.

Downsizing of donor lungs is a method which has

already been described in the early days of LuTX. It allows

the use of oversized grafts for urgent small adult or pediat-

ric recipients and can also be applied in case of localized

pathologies in the donor lung or if the organ is found to be

unexpectedly large at organ recovery. Downsizing by wedge

Table 4. Cox regression model adjusted for patient and procedure

characteristics.

Characteristics Adjusted HR 95% CI P values

Sex

Male 1

Female 0.77 0.60–0.98 0.037

Age 1.02 1.01–1.03 0.000

Diagnosis

COPD 1 0.003

Fibrosis 0.81 0.59–1.11 0.182

CF 0.85 0.51–1.40 0.511

PPH 1.75 0.98–3.12 0.058

Others 1.51 1.06–2.15 0.022

Type

DLuTX 1

SLuTX 1.77 1.29–2.43 0.000

Sub-groups

Normal 1 0.000

Wedge resection 1.33 0.99–1.79 0.058

Unilat. Lobar 2.38 1.63–3.48 0.000

Bilat. Lobar 2.35 1.38–4.01 0.002

Bridging

No bridge 1 0.008

Noninvasive ventilation 1.64 0.60–4.50 0.334

Intub 2.06 1.19–3.57 0.010

ECMO 1.90 1.13–3.21 0.016
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resections is technically easy to perform, and ideally, the

middle lobe and lingula areas are removed by simple stapler

resection. Lobar transplantation has not gained such a

widespread use, and only a few centers use this method

routinely [17]. It is a technically more challenging proce-

dure, and it allows reducing donor TLC by up to 60%. The

lobes are separated on the back table, and the implantation

technique is essentially comparable with standard LuTX.

Size matching is of outmost importance in lobar

transplantation. The chest configuration of the donor

and recipient has to be taken into account as well as the

real and predicted recipient TLC. Original size chest

x-rays in a posterior–anterior and lateral view which are

taken to the donor hospital by the organ recovery team

have also proven to be helpful in estimating the size

match at the donor hospital. The final choice which

lobes are used is usually taken during the LuTX. In our

experience, a TLC size discrepancy of fewer than 20%

can be corrected by wedge resection alone whereas a size

reduction of 20% to 60% requires either unilateral or

bilateral LLuTX. Basically all combination of lobes can

be used. The only exception is the combination of the

right upper and middle lobe, which requires stapling of

the lower lobe bronchus and therefore owns the risk of

impaired bronchial stump healing.

There are several reports about results of size-reduced

lung transplantation [18,19] and living donor lobar trans-

plantation [7–9] in the literature. However, only very few

reports focusing on deceased donor lobar lung transplanta-

tion exist [13,20,21]. These three reports from different

institutions consist of series of 50, 25, and 23 LLuTX, and

comparable results to standard lung transplantation have

been documented [13].

The results from our series of 138 patients with either

uni- or bilateral LLuTX differ from these previously pub-

lished reports [13,20,21], as we have shown that in our

cohort the outcome of LLuTX is inferior to standard LuTX.

Nevertheless, in all three reports such as in this series,

recipients receiving LLuTX represent a more urgent and

higher risk cohort with significantly more patients being

pre-operatively bridged by ventilation or extracorporeal

support (Table 5).

Besides this different risk profile, there are several poten-

tial technical risks inherent in LLuTX. Above all, the actual

diameters of the lobes, especially at the basis of the lungs,

are crucially important for postoperative function. Lower

lobes with wide diameter in the basal part can lead to com-

pression and atelectasis when implanted in a narrow chest

cavity. On the other hand, recent reports have shown that

undersized grafts (regarding the donor and recipient pTLC)

are associated with a higher incidence of PGD [22,23].

Therefore, the judgment whether the lobe will ultimately fit

into the recipient chest has to be performed very carefully

and with good knowledge of the diameter of the recipient

chest.

Furthermore, there is the potential for several technical

risks such as prolonged air leaks, kinking of vascular anas-

tomoses, and remaining dead space which all can have an

impact on postoperative outcome. Although we did not

observe these problems in a higher rate in our LLuTX

group, their presence cannot be denied.

A major issue in lobar lung transplantation is the reduced

vascular bed of a single lobe which significantly increases the

risk of reperfusion edema. Therefore, extracorporeal mem-

brane oxygenation support (ECMO) is by now routinely

used in our center in all patients receiving LLuTX to avoid

an overflow of the first implanted lung. In patients receiving

an entire lung on the first side and a lobar LuTX on the sec-

ond side, the procedure could be performed without the use

of extracorporeal support. Even with this protective ECMO

approach, the initial rate of reperfusion edema after LuTX

was significantly higher in the lobar group. This rate of 44%

was comparable with previously published results from

other centers (32% and 54%) [20,21]. Furthermore, pub-

lished data showed comparable rates of postoperative

ECMO use (20% and 28% vs. 32%) (Table 5).

Table 5. Comparison of published series on deceased donor lobar LuTX.

Inci 2012 [13] Mitilian 2013 [20] Shigemura 2013 [21] Slama 2014

n 23 50 25 138

Observation period 2000–2012 1988–2012 2012–2012 2001–2012

Preop ECMO 3 (13%) 2 (4%) 7 (28%) 18 (13%)

Preop intubation 1 (4%) Not reported 9 (32%) 10 (7%)

Intraoperative support 19 (83%) ECMO 16 (32%) ECMO; 16 (32%) CPB Not reported 96 (70%) ECMO; 4 (3%) CPB

PGD>0 Not reported 27 (54%) 7 (32%) 61 (44%)

Postop ECMO Not reported 10 (20%) 7 (28%) 45 (32%)

In-hospital death 2 (8.6%) 14 (28%) 2 (8%) 28 (20%)

1-year survival 82% – 76% 65%

3-year survival – 60% – 63%

5-year survival 64% 46% – 55%
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Regarding the long-term outcome of deceased donor

LLuTX conditional on hospital survival, we observed that

there was no significant difference compared with the stan-

dard LuTX group. This gives very profound evidence that

the risks are mostly related to the perioperative period. In

fact, we were able to identify a comparable incidence of

BOS between the two groups.

Summarizing these findings and considering our low

waiting list mortality (2011: 8.3%; 2012: 2.5%; 2013: 1.7%),

we conclude that deceased donor LLuTX is an important

and valid technical variant of LuTX. It especially allows

offering urgent and small patients a suitable donor organ in

due time, and thus, LLuTX reduces waiting list mortality

significantly. Due to the urgency status of the lobar recipi-

ents and a higher perioperative risk, a higher in-hospital

mortality is observed. However, long-term results are excel-

lent once the critical initial phase has been overcome. Wait-

ing list mortality in this group would be undoubtfully

higher if the option of lobar transplantation was not avail-

able. Thus, lobar transplantation is and remains an impor-

tant tool in the management of small adults and pediatric

recipients.
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