THORACIC: LUNG TRANSPLANT

Urgently listed lung transplant patients have outcomes

similar to those of electively listed patients
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ABSTRACT

Objectives: To (1) determine outcomes after urgent listing compared with elective
listing for lung transplant and (2) compare in-hospital morbidity and mortality, sur-
vival, and allograft function in these 2 groups.

Methods: From January 2006 to September 2017, 201 patients were urgently and
1423 electively listed. Among urgently listed patients, 130 subsequently underwent
primary lung transplant as did 995 electively listed patients. Competing-risks anal-
ysis for death and transplant after listing and weighted balancing score matching
(76 pairs) were used to compare in-hospital morbidity and survival. Mixed-effect
longitudinal modeling was used to compare allograft function to 8 years
post-transplant.

Results: At 1 month, mortality was 26% in urgently listed patients, and 58% were
transplanted. Risk factors for death included older age, higher bilirubin, and transfer
from an outside hospital. At transplantation, urgently listed transplant patients were
younger (53 %+ 13 vs 55 £ 12 years), had more ventilator and extracorporeal
membrane oxygenation support (32/25% vs 20/2.0%), more restrictive lung disease
(95/73% vs 509/51%), and a higher lung allocation score (82 % 13 vs 47 & 17). In-
hospital morbidity and mortality, time-related survival, and longitudinal allograft
function were similar between matched groups.

Conclusions: Urgent listing more often than not leads to transplantation. Although
urgently listed patients are sicker overall, after transplant their perioperative
morbidity and mortality, overall survival, and allograft function are similar to those
of electively listed patients. Appropriate patient selection and aggressive supportive
care allow urgently listed lung transplant patients to achieve these similar post-
transplant outcomes. (J Thorac Cardiovasc Surg 2021;161:306-17)
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Most urgently listed patients un-
dergo lung transplant within

1 month. Morbidity, long-term
survival, and allograft function
after transplant are similar for
urgently and electively listed
patients.

PERSPECTIVE

Patients urgently listed for lung transplant are a
high-risk group. More than one half proceed to
transplant within 1 month of listing. After trans-
plant, they have similar perioperative morbidity,
long-term survival, and longitudinal allograft func-
tion to electively listed patients. High-volume cen-
ters can achieve these similar outcomes with
appropriate patient selection and aggressive sup-
portive care.
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Abbreviations and Acronyms
ECMO = extracorporeal membrane oxygenation
FEV1% = forced expiratory volume in 1 second
(percent predicted)

LAS = lung allocation score
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Lung transplant is the ultimate palliative treatment for end-
stage lung disease. However, organ scarcity continues to be
challenging and mandates optimal use of this scarce
resource.’ Thus, it is imperative to judiciously select recip-
ients to appropriately adjudicate organ allocation and pre-
vent the loss of transplantable organs.””

Patients who develop acute respiratory deterioration can
require urgent and unplanned lung-transplant evaluation.*-’
They may require a high level of support and are considered
high-risk candidates for transplant.”® Historically, such
high-risk patients have had worse perioperative and long-
term survival.*® For these reasons, not all transplant
programs are open to listing patients in respiratory extremis.

As a program that evaluates and lists patients in acute de-
compensated respiratory failure, our goal was to determine
the outcomes after listing these patients for lung transplant.
This included studying the competing risk of death on the
transplant waitlist and outcomes after urgent transplanta-
tion, comparing recipient and donor characteristics, periop-
erative morbidity and mortality, long-term survival, and
allograft function in these urgently listed patients with those
of electively listed patients.

METHODS
This study was approved by the institutional review board (no.
17-1242).

Patients

From January 2006 to September 2017, 1624 patients were listed for
single-organ lung transplant or retransplant, 201 urgently and 1423 elec-
tively (Table 1).

Definition of Groups

The urgently listed group was admitted and listed in the same index hos-
pitalization. The electively listed group underwent routine outpatient eval-
uation for transplant candidacy and then were listed. They were identified
by the date of listing preceding the date of hospital admission for
transplantation.

End Points

End points after listing were death, transplant, or delisting, which were
treated as mutually exclusive competing events. For urgently listed pa-
tients, median follow-up was 9 days (15th, 85th percentiles: 3, 30), with
14 patient-years of data available for analysis. For electively listed patients,
median follow-up was 3.2 months (17 days, 1.4 years), with 1051 patient-
years of data available for analysis.

Primary outcomes after transplant were survival and allograft function,
as measured by percent of predicted forced expiratory volume in 1 second
(FEV1%). Time zero for transplanted patients was date of transplant. Pa-
tients undergoing retransplantation were censored at date of retransplanta-
tion and treated as a separate observation for this subsequent transplant. For
urgently transplanted patients, median follow-up was 2.7 years (6.7 months,
5.9 years), with 405 patient-years of data available for analysis. For elec-
tively transplanted patients, median follow-up was 3.2 years (1.0,
7.5 years), with 3897 patient-years of data available for analysis. For
FEV1% after transplant, 28,762 spirometry records were available for
1018 patients (90% of study cohort; Figure E1).

Secondary outcomes were competing events after urgent listing, in-
hospital morbidity and mortality, and primary graft dysfunction at 0, 24,
48, and 72 hours after transplant.

Data Analysis

All analyses were performed using SAS version 9.4 (SAS Institute,
Inc, Cary, NC) and R software version 3.3.2 (R Foundation for Statistical
Computing, Vienna, Austria). Continuous variables are summarized as
mean =+ standard deviation or as equivalent 15th, 50th (median), and
85th percentiles when the distribution of values was skewed; comparisons
were made using the Wilcoxon rank-sum test. Categorical variables are
summarized as frequencies and percentages; comparisons were made us-
ing the x> test or Fisher’s exact test when there were fewer than 5
observations.

Competing Risk on Waitlist

To estimate the likelihood of experiencing death, transplant, or delisting
while on the waitlist, competing-risks analysis was used.” A parametric
nonproportional hazards method was used to resolve the number of phases
of instantaneous risk of death and transplant after listing (hazard) for the
urgently transplanted patients and to estimate shaping parameters. Incre-
mental risk factors for each of these waitlist end points were identified
by the machine learning method described by Rajeswaran and Black-
stone'’ using 1000 bootstrap data sets and the variables listed in
Appendix E1.

Matched Comparison of Transplanted Groups

Because characteristics of the urgently and electively listed groups
differed substantially at transplantation (Table 2), weighted balancing-
score methodology was used.'" This first entailed developing a parsimo-
nious logistic regression model using machine learning variable selection
as described previously'” and the variables listed in Appendix E2.

Factors associated with urgent versus elective listing included higher
lung allocation score (LAS), higher blood urea nitrogen, and higher creat-
inine clearance, history of diabetes, and being in-hospital and in the inten-
sive care unit (Table E1). This model was augmented with variables also
believed to be of clinical importance (see Appendix E2). The C-statistic
for the parsimonious model was 0.95 and for the augmented saturated
model, 0.96. Because of the substantial difference between these groups,
weighted equivalent number of pairs was 77 and 76 for the urgent and elec-
tively transplanted groups, respectively (Figure E2).

Survival After Transplant
Survival after transplant was estimated nonparametrically using the
Kaplan—Meier method and compared using the log-rank test. Survival for
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TABLE 1. Baseline characteristics at time of listing: urgently and electively listed patients

Urgently listed (n = 201) Electively listed (n = 1423) Standardized
Characteristic n* Mean = SD or No. (%) n* Mean = SD or No. (%) difference
Demographics
Age, y 201 54 +£13 1423 57 +£13 -22
Female 201 62 (31) 1423 566 (40) -19
Race 185 1412
White 158 (85) 1283 (91) -17
Black 14 (7.6) 89 (6.3) 5.0
Other 13 (7.0) 40 (2.8) 19
Height, cm 201 171 £ 10 1414 170 £9.7 18
Weight, kg 200 76 £ 18 1418 74 £ 17 7.8
Weight/height ratio 200 0.44 £+ 0.09 1414 0.44 £+ 0.08 4.0
Body surface area, m? 200 1.9 +0.28 1414 1.9 +0.26 8.5
Body mass index, kg/m? 200 26 £4.9 1414 26 £4.5 -1.2
Blood type 201 1417
A 61 (30) 564 (40) -20
AB 13 (6.5) 43 (3.0) 16
B 30 (15) 153 (11) 12
(0] 97 (48) 657 (46) 3.8
Medical history
Diabetes 201 77 (38) 1422 277 (19) 42
Hypertension 199 80 (40) 1052 383 (36) 7.8
History of smoking 201 122 (61) 1419 916 (65) -8.0
Functional status 201 1393
Disabled or <50% Karnofsky score 160 (80) 42 (3.0) 247
Unable or 50%-70% Karnofsky score 41 (20) 1116 (80) -149
Able or >80% Karnofsky score 0 (0) 235 (17) -64
Primary diagnosis
Restrictive lung disease 201 153 (76) 1423 679 (48) 61
Cystic fibrosis and immunodeficiencies 201 29 (14) 1423 233 (16) -54
Pulmonary vascular disease 201 11 (5.5) 1423 84 (5.9) -1.9
Obstructive lung disease 201 8 (4.0) 1423 427 (30) -74
Lung allocation score 199 82 + 14 1058 46 £ 20 215
Life support
Ventilator 201 98 (49) 1419 15 (1.1) 132
ECMO 201 45 (22) 1419 2 (0.14) 75
On inotropes 116 52 (45) 0 0(0) -
Pulmonary function and gases
FEV1, % predicted 143 49 £+ 20 1056 38 +22 52
FVC, % predicted 139 51 £20 1056 49 £+ 18 10
Partial carbon dioxide 149 51 +£21 1057 47 + 14 22
Oxygen 148 100 + 62 1055 59 £+ 29 84
Renal
Creatinine, mg/dL 200 0.85 + 0.50 1095 0.84 +0.32 1.5
Creatinine clearance, mL/min 199 121 &£ 55 1092 102 + 32 42
GFR, mL/min/1.73 m> 200 120 £+ 59 1095 101 + 34 40
Liver
Bilirubin, mg/dL 200 0.50 [0.20, 1.1]} - - -
MELD score 196 89 +39 - - -
International normalized ratio 196 1.1 +£0.23 - - -
Albumin, g/dL. 199 3.1 +0.64 1088 4.1 £0.52 -166
Hemodynamics
Pulmonary artery pressure, mm Hg
Diastolic 185 23 +£9.9 1313 20 +£9.3 34
(Continued)
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TABLE 1. Continued

Urgently listed (n = 201) Electively listed (n = 1423) Standardized
Characteristic n* Mean = SD or No. (%) n* Mean = SD or No. (%) difference
Systolic 185 53 £20 1320 45 + 17 43
Mean 185 33+ 13 1219 29 £ 11 31
Wedge pressure, mm Hg 179 11 £5.6 1296 12£53 -16
Left ventricular ejection fraction, % 179 61 £ 12 - — —
Hospitalization
Transfer from another institution 201 46 (23) 0 0(0) -
History of transfusion 178 56 (32) 0 0 (0) -
Experience
Time from January 1, 2006, to listing, y 201 72 +28 1423 5.84+32 43

SD, Standard deviation; ECMO, extracorporeal membrane oxygenation; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GFR, glomerular filtration rate;

MELD, model for end-stage liver disease. *Patients with data available. tMedian [15th, 85th percentiles].

the urgently listed group was also estimated parametrically by multiphase
hazard function methodology.'” To identify risk factors for death after ur-
gently listed transplantation, multivariable analysis was performed in the
multiphase hazard function domain. Variables were selected using the
method of Rajeswaran and Blackstone'’ from among those listed in
Appendix E2 on the basis of 1000 bootstrap samples.

Spirometry After Transplant

Temporal change in longitudinal measurements of post-lung transplant
FEV1% was analyzed using the temporal decomposition method described
by Rajeswaran and Blackstone.'”

Missing Data

Multiple imputation using the Markov chain Monte Carlo technique'* to
impute missing values is employed to produce 5 data sets. In multivariable
modeling, for each imputed complete data set, we estimated regression co-
efficients and their variance—covariance matrix. Then, following Rubin,'*
we combined estimates from the 5 models to yield final regression coeffi-
cient estimates, the variance—covariance matrix, and P values.

RESULTS
Outcomes After Listing

Of the 201 urgently listed patients, 66 died on the waitlist,
5 were delisted, 130 underwent primary lung transplant, and
55 died after lung transplant (Figure 1 and Figure E3). At
1 month, mortality on the waitlist was 26%, and 58%
had been transplanted (Figure 2). Of the 1423 electively
listed patients, 164 died on the waitlist, 164 were delisted,
and 995 underwent primary lung transplant (see Figures 1
and E3). At 1 month, mortality was 2.1%, and 20% had
been transplanted (Figure E4).

Risk Factors for Death or Transplant After Urgent
Listing

Instantaneous risk of death after urgent listing had an
early and a constant hazard phase. The early phase peaked
about 1 to 2 weeks after listing (Figure ES, A). Risk factors
for death on the waitlist during the early phase included
older age, higher bilirubin, and transfer from an outside hos-
pital (Table E2). In the constant phase, the only risk factor
was higher model for end-stage liver disease score.

There was an early instantaneous hazard phase of trans-
plant after urgent listing that peaked at the time of listing
and gradually decreased at 3 months (Figure ES, B). Pa-
tients transferred from outside hospitals, those with a his-
tory of transfusion, and those on inotropic support were
less likely to undergo transplant after urgent listing (see
Table E2), and patients with a higher estimated glomerular
filtration rate were more likely to receive transplant after ur-
gent listing.

Differences in Urgent and Electively Listed
Transplant Patients

At transplant, urgently listed patients were younger than
electively listed patients, with lower albumin, more dia-
betes, higher estimated glomerular filtration rate and creat-
inine clearance, lower preoperative hematocrit, fewer
platelets, more preoperative transfusions, higher total bili-
rubin and model for end-stage liver disease score, higher
preoperative FEV1%, more preoperative vasopressor sup-
port, greater mean pulmonary arterial pressure, greater
prevalence of intubation, more extracorporeal membrane
oxygenation (ECMO) support, higher LAS, less obstructive
lung disease, and more restrictive lung disease (see Table 2).
Urgently listed transplant patients underwent more double-
lung transplants with similar donor profiles compared with
electively listed patients (see Table 2).

In-Hospital Morbidity and Mortality After
Transplant

Perioperatively, matched urgent and electively listed
transplant patients had similar in-hospital atrial fibrilla-
tion/flutter, postoperative myocardial infarctions, reopera-
tion for bleeding, reoperation for tamponade, respiratory
distress/failure, and stroke (Table E3). Intra- and postoper-
ative ECMO was similar between groups as well. Urgently
listed transplant patients had similar primary graft dysfunc-
tion at time 0, 24, and 72 hours. Intensive care unit and
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TABLE 2. Baseline characteristics at time of transplant before and after weighted propensity matching: urgently and electively listed patients

Before matching After weighted propensity matching
Urgent Elective Urgent Elective
transplant transplant transplant transplant
(n = 130) (n = 995) m=177) (n =76)
No. (%) or No. (%) or Standardized No. (%) or No. (%) or Standardized
Characteristic n* mean+SD n* meanx=SD  difference n* mean+SD n* mean+SD difference
Demographics
Age, y 130 53+£13 995 58+£12 -39 76 55+12 76  54+£16 45
Female 130 34 (26) 995 336 (34) -17 76 24 (31) 76 24 +£32 2.8
BMI, kg/m? 130 254+46 994 25+45 0.10 76 25+46 76 25+%45 0.21
Blood type
A 130 37 (28) 993 407 (41) —26 76 23 (30) 76 23 (30) 0.9
AB 139 5(3.8) 993 43 (4.3) 24 76 3.1(4.1) 76 32(43) 0.7
B 130 19 (15) 993 123 (12) 6.5 76 11 (14) 76 11 (14) 0.34
(€] 130 69 (53) 993 420 (42) 22 76 39 (51) 76 39 (52) —0.74
Medical history
Diabetes 130 54 (42) 995 202 (20) 47 76 24 (32) 76 22 (28) 7.1
COPD 130 7(5.4) 995 138 (14) -29 76 65(8.5) 76 8.5 (11) -9.0
Previous transfusion 130 29 (22) 995 117 (12) 28 76 13 (17) 76 14 (18) -3.1
Previous tracheostomy 130 25 (19) 995 18 (1.8) 59 76 6.5 (8.5) 76 5.8 (7.7) 3.0
Functional status 125 993 71 73
Disabled or <50% 112 (90) 114 (12) 243 58 (82) 59 (81) 1.7
Karnofsky score
Unable or 50%-70% 13 (10) 718 (77) -181 13 (18) 13 (18) 1.3
Karnofsky score
Able or >80% Karnofsky 0 (0) 101 (11) -49 - - -
score
Primary diagnosis
Restrictive lung disease 130 95 (73) 995 509 (51) 46 76 54 (70) 76 52 (69) 3.8
Cystic fibrosis and 130 26 (20) 995 161 (16) 9.9 76 16 (20) 76 15 (20) -0.10
immunodeficiencies
Pulmonary vascular disease 130 3(2.3) 995 49 (4.9 -14 76 1824 76 24@3.1) —4.8
Obstructive lung disease 130 6 (4.6) 995 276 (28) —66 76 52(.8) 76 5.9(7.8) -3.6
Lung allocation score 130 82+ 13 995 47 +£17 226 76 78 £ 15 76 79 £ 17 -3.6
Life support
History of ventilation 130 46 (35) 995 34 (3.4) 88 76 18 (24) 76 19 (25) 2.3
History of ECMO 130 32 (25) 995 20 (2.0) 70 76 11 (14) 76 11 (15) -34
History of inotropes 130 18 (14) 995 9 (0.9) 51 76 38(5.00 76 4.9 (6.4) -6.1
Pulmonary function and gases
FEV1 (% of predicted) 108 48+20 929 43423 21 53 47+£20 72 48+23 -6.5
Renal
Creatinine, mg/dL 129 0.74 £0.28 989 0.79 £ 0.28 -18 75 0.75+£029 76 0.76 £+ 0.35 -3.5
Creatinine clearance, mL/min 129 131 £53 989 109 + 35 50 75 125+ 47 76 123 4+ 46 3.3
GFR, mL/min/1.73 m* 129  130£55 989 110+ 39 42 75 127+£50 76 126 £ 56 1.2
Hemodynamics
Mean pulmonary artery 119 31 +£11 888 29 £ 11 25 72 31 £ 11 72 32 +£13 =15
pressure, mm Hg
Laboratory values
MELD score 129 78423 955 7.6+24 11 75 77+£23 75 7.7+21 -1.1
Bilirubin, mg/dL{ 129 0.40 989 0.40 23 75 0.40 76 0.40 32
[0.20, 0.85] [0.20, 0.70] [0.20, 0.70] [0.20, 0.90]
Hematocrit, % 129 32+£63 988 37+54 -84 75 34+£59 76 34+68 2.2
Platelets 129 220+ 116 988 225+ 84 —4.4 75 240£105 76 229 £095 11
(Continued)
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TABLE 2. Continued

Before matching After weighted propensity matching

Urgent Elective Urgent Elective
transplant transplant transplant transplant
(m =130) (n = 995) m=77) (n =76)
No. (%) or No. (%) or Standardized No. (%) or No. (%) or Standardized
Characteristic n* mean+SD n* mean+SD difference n* mean+=SD n* mean+SD difference
INR 129 1.09 £ 021 955 1.07 £0.32 5.1 75 1.14+£021 75 1.1+£0.15 3.0
Albumin, g/dL 129 32 +0.62 988 3.8+0.53 -110 75 334+061 76 3.3+0.66 -0.12
Surgical
Double-lung transplant 130 101 (78) 995 581 (58) 42 76 55 (72) 76 56 (74) -3.3
Experience
Time from January 1, 2006 to 130 7.1£3.0 995 6.0+32 36 76 6.7+32 76 6.7+27 1.1
transplant, y
Donor age 129 38+16 976 38+ 16 -0.23 75 39 + 16 75 41 £ 15 -11

SD, Standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ECMO, extracorporeal membrane oxygenation; FEVI, forced expiratory volume
in 1 second; GFR, glomerular filtration rate; MELD, model for end-stage liver disease; INR, international normalized ratio. *Percent of times factor appeared in 1000 bootstrap
models. TMedian [15th, 85th percentiles].

hospital lengths of stay after transplant were similar, as was
hospital death (10 [13%] vs 9 [11%], P = .8).

Survival After Transplant

Survival after transplant was similar in the urgently listed
and electively listed matched patients (Figure 3). Among
the urgently listed transplant patients, there was an early
and constant hazard phase for death after transplant.
Early risk of death peaked at 2 weeks post-transplant
(Figure E6). Higher international normalized ratio was the

most significant risk factor for death in the early phase
(Table E4 and Figure E7, A). In the constant phase, lower
albumin and higher bilirubin were the most significant
risk factors (Figure E7, B and C).

Allograft Function

In the overall cohort, there was an early rising phase in
FEV1%, peaking at 71% at 9 months and then gradually
decreasing to 60% at 5 years. Although FEV1% was
slightly lower for urgently listed transplant patients

1/2006 — 9/2017

Patients listed for transplantation

n=1624
Urgently listed Electively listed
n =201 n=1423
. Urgently Not
Imr?r_C)\éed nD—Iege transplanted transplanted Tra:ipé%rged
. - n=130 n =428 -
I |
Waiting for -\ | py g isteq Died
Transplant n =164 n=164
n =100 - -~
| | |
ACCEEIY psc Transferred Improved
noncompliance reasons h = 64 r?— 9
n=44 n=47 - .

FIGURE 1. CONSORT-style diagram of patients listed for lung transplantation from January 2006 to September 2017, showing the number of patients who

were transplanted, died, delisted, or were awaiting lung transplant.
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FIGURE 2. Cumulative incidence of transplant (red symbols and line), with death before transplant (blue symbols and line) as a competing risk after urgent

listing. Those alive and awaiting transplantation are depicted by the green line. Each symbol represents an event, and vertical bars are 68% confidence limits

(equivalent to &1 standard error).

(Figure 4), there was little difference in either the early
phase (P = .3) or the late phase (P = .06).

DISCUSSION
Principal Findings

Urgently listed patients rapidly underwent lung trans-
plant within 1 month after listing, although even this short

100
90
80
70
60

50

Survival (%)

40 -
30
20

10

wait was associated with considerable mortality. Patients
who were transferred from outside hospitals, required trans-
fusions, needed inotropic support, or were in renal failure
were less likely to undergo transplant after urgent listing.
Despite being more critically ill, after transplant urgently
listed transplant patients had similar perioperative
morbidity and mortality, time-related survival, and allograft

Elective

3 4 5 6 7

Years after Transplant

Patients at risk
Urgent 76 61 54
Elective 76 48 36

42 27 21 18 13
30 27 17 11 8

FIGURE 3. Kaplan—Meier estimates of survival after transplant in matched urgently listed (red symbols and line) and electively listed (blue symbols and
line) patients. Each symbol represents a death, and vertical bars are 68% confidence limits.
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FIGURE 4. Temporal trend of allograft function measured by FEV1 (percent of predicted) after transplant in urgently listed and electively listed patients,

both stratified by double- versus single-lung transplantation. Symbols represent average values without accounting for repeated measures as a crude veri-

fication of longitudinal parametric mixed-effect modeling results with patient as a random effect. Number of patients remaining at risk and number of FEV 1

records at and beyond selected time points are shown graphically in Figure E2. FEVI, Forced expiratory volume in 1 second.

function to those electively listed. Urgently listed transplant
patients with worse liver function, as evidenced by a higher
international normalized ratio, were more likely to die early
after transplant, and those with lower albumin and higher
bilirubin were more likely to die later after transplant.

Clinical Implications

In a continuing effort to maximize the longevity and
function of transplanted organs, centers aim to list candi-
dates who carry low risk of mortality and nonpulmonary
complications. Development and use of the LAS have al-
lowed programs in the United States to rank candidates
based on pulmonary-related risk factors. However, the
LAS does not fully capture risk of mortality after transplan-
tation for sick patients at the higher extremes of the
LAS."'° Li and colleagues'” showed a ceiling effect in
survival for patients with a LAS higher than 70 and recom-
mended establishing an upper limit.

Patients with acute fulminant pulmonary failure require
transplantation and are increasingly referred to transplant
centers for evaluation. These are typically high-LAS pa-
tients, who get priority for organs based on their score.
Yet there is a paucity of data on short- and long-term
outcomes in this group. European centers have reported
variable survival outcomes in urgently transplanted pa-
tients.'”?' However, it is unclear from these reports if
patients were listed and then deteriorated and required
urgent transplantation, or if they truly presented acutely
and were listed and urgently transplanted.

In our experience, one third of urgently listed patients did
not receive a transplant. Most were severely ill with a high
LAS and died before transplant; a few improved and were
delisted. The two thirds of urgently listed patients who un-
derwent transplant were younger than their electively listed
counterparts and had worse pulmonary disease with higher
LAS. Managing these patients can require extensive re-
sources, as suggested by more patients on mechanical venti-
lation and ECMO pretransplant. This is consistent with
previous reports documenting increasing health care costs
as LAS increases.”””” However, despite this, urgently listed
transplant patients have short-term mortality and long-term
survival similar to that of electively listed patients. In our
series, survival of these urgently listed patients was superior
to what has been reported for patients with idiopathic pul-
monary fibrosis exacerbation’ or acute respiratory distress
syndrome.”* The 13% in-hospital mortality was especially
encouraging for such a complex and high-risk group of pa-
tients, because they are at the greatest risk of mortality in the
early post-transplant period. Furthermore, 5-year survival
for both urgently listed and electively listed transplant pa-
tients in our series was on par with reported 5-year survival
in other lung transplant reports.

Should We Continue to Accept, List, and Transplant
Such Patients?

Transplant centers and teams must consider their own re-
sults and willingness to devote resources before accepting
such complex patients. These cases can strain health care
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resources and personnel. There is increasing evidence that
mortality after thoracic surgery, including lung transplant,
partly depends on a program’s ability to rescue patients
from complications.” In addition, because a large propor-
tion of urgently listed patients will die before transplant,
the decision to list such patients should be made judiciously,
yet expeditiously. Not all programs should urgently list
patients in acute respiratory failure. It is difficult to imagine
how the current LAS and organ allocation system in general
can accommodate urgent requests to find appropriate
organs in a relatively short time. To address this issue,
Scandinavian transplant centers use a system that is
somewhat similar to obtaining an “exception” in the United
States.'® Unfortunately, the national data on urgent listing
are sparse. However, one could argue that higher-volume
centers with active ECMO and ex-vivo lung perfusion pro-
grams should evaluate these higher-risk patients.”® As such
a transplant institution, we found that older patients, those
with worse liver function, and outside hospital transfers
were most likely to die after urgent listing before transplant.
To mitigate some of the risk, our program accepts such pa-
tients in transfer with the clear understanding that they will
be thoroughly reevaluated to determine candidacy. When
evaluating these patients, we have repeatedly found that
although objective physiologic findings may be similar to
what was reported from the referring institution, psychoso-
cial factors, including social support structure, change over
time and require in-depth evaluation.

However, well-selected urgently evaluated patients may
have greater physiologic reserve at the time of listing
compared with patients with chronic lung disease who dete-
riorate slowly over time. Although urgently listed transplant
patients have higher LAS, which could be due to their non-
ambulatory status after fulminant respiratory failure, they
otherwise are able to recuperate from their acute illness sur-
prisingly well.

How Can We Improve Patient Selection?

We did not find LAS to be a significant predictor of
competing events after urgent listing or mortality after ur-
gently listed transplantation. This could be due to the major-
ity of these patients having high LAS scores (>40) and the
inability of the LAS to capture high-risk features beyond a
certain point. Further investigation of nonpulmonary risk
factors such as frailty, sarcopenia, malnutrition, and other
organ-system dysfunction may better stratify risk.””-** Psy-
chosocial factors, such as history of noncompliance, addic-
tion to narcotics,29 and lack of social support,30 have been
known to negatively affect outcomes and factor into the de-
cision of whether to list a patient for transplant. Therefore,
LAS by itself may be insufficient to risk stratify this group.

We propose evaluating these patients on a case-by-case
basis. Our program takes an aggressive approach toward
evaluation and listing. Patients are urgently evaluated by

transplant medical and surgical teams, social workers, and
palliative medicine staff, among other ancillary groups.
Bedridden patients, including those on mechanical ventila-
tion, may be frail and debilitated. Therefore, early institu-
tion of extracorporeal support, typically in the form of
veno-venous ECMO, is used as a “bridge to decision.” If pa-
tients are unable to rehabilitate, they are not considered
transplant candidates. If they show physiologic improve-
ment, they are continued on ECMO as “bridge to transplan-
tation.” This approach has allowed us to improve selection
in this rather heterogeneous group. We recommend early
involvement of the transplant team so that multidisciplinary
evaluation can be performed and patients without absolute
contraindications may be appropriately identified.

Limitations and Strengths

This is a retrospective description of an extremely hetero-
geneous group of patients. Although most of the data orig-
inated from our center, some workup may have been
performed before transfer. Unfortunately, there was no
way of identifying patients who presented to our institution
with acute respiratory failure but were not listed for trans-
plant. Our comparison groups of urgently listed and elec-
tively listed transplant patients are inherently different,
violating the exchangeability assumption underlying pro-
pensity score methodology. Rather, urgent listing can be
considered a ‘“natural experiment” for which balancing
scores are considered statistically appropriate.”’

Despite these limitations, this study is one of the largest
focusing on urgently listed transplant patients. In addition,
this appears to be the only description of clinical character-
istics of patients who were urgently listed but not
transplanted.

CONCLUSIONS

Urgent listing more often than not leads to lung trans-
plant. Although urgently listed patients are sicker overall,
after transplant they had similar perioperative morbidity
and mortality, time-related survival, and longitudinal allo-
graft function. Appropriate patient selection and aggressive
supportive care allow urgently listed lung transplant pa-
tients to achieve similar outcomes. Further investigation
into risk factors not captured by the LAS should be under-
taken to better risk stratify these patients at the extreme end
of acute respiratory failure.

Webcast @

You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/media/
19%20AM/Sunday_May5/201DF/201DF/S63%20-%20
Lung %?20transplantation%?20-%20protecting % 20the %
20graft/S63_4_webcast_051232663.mp4.
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Discussion

Presenter: Dr Usman Ahmad
Dr Christine Lau (Baltimore, Md). 1I’d
like to congratulate you and your col-
leagues on an outstanding presentation.
And I appreciate you giving me your
paper and your slides to review ahead
of time. This is obviously an important

// and timely topic, given the changing
E ~«w{  landscape of lung transplantation. You
and your colleagues are clearly on the forefront of this,
given you have a decade of experience already.

I can tell you, at The University of Virginia we’re still
grappling with how to accommodate and work up these ur-
gent listings. I do have a few questions. Do you think that
more centers should offer urgent listing of transplants, or
do you feel that centers should be identified that can handle
these high-resource patients, and if so, how do you see this
playing out?

Dr Usman Ahmad (Cleveland, Ohio).
Great question! And I'm going to refer
back to a paper written by Dr Lau and
colleagues that talks about how the
Centers for Medicare & Medicaid Ser-
vices evaluates and penalizes trans-
plant centers with high center

\ mortality! The bottom line is that it
comes down to the center’s outcomes, and every center
has to look at its own outcomes and decide what risk it is
willing to take. It’s hard to say that we’re going to come
up with the generalizable statement based on these patients
to take care of these patients.

Dr Lau. Another thing that we found was as we did these
urgent workups and listed these patients they would
continue to deteriorate—I know you’ve alluded to it—it’s
difficult to tell which ones to list and which ones to keep
listed, but when you urgently list them do you have a deci-
sion point, for instance, you say, okay, this patient will not
go on extracorporeal membrane oxygenation (ECMO). This
patient will go on ECMO. Do you guys have very clear
identified stopping points once you urgently list somebody?

Dr Ahmad. That’s a great question. I’d probably be a
millionaire if I could quantify the surgeon’s eyeball test,
but I can’t. That’s essentially what it comes down to, but
in terms of the hard sort of stop points and checkpoints
and putting a patient on ECMO or not, we typically stick
to patients 55 years and younger as a programmatic guide-
line. I don’t think there’s a whole lot of data behind that, and
we’ve seen very debilitated 20-year-olds and very healthy
60+-year-olds who have gone through this process with
extracorporeal support and have had reasonable outcomes.

But those are the general numbers, of course. We would
typically not initiate somebody on ECMO if they’re 55 years

or older or if they’re extremely debilitated. Now, what I will
say is that we have used ECMO as a bridge to decision in
such sick patients. If we think they have the potential to
rehabilitate, we would not list or refuse them upfront.

Rather, we put them on ECMO, rehabilitate them, and
then make a decision whether to proceed with the transplant
listing or to withdraw support.

Dr Lau. Thank you.

Dr Ahmad. Thank you.

) : Dr Marcelo Cypel (Toronto, Ontario,
Canada). Very nice presentation. So I
just have a couple of questions. One
of them is of these 200 patients, urgent

: listing, were some of these patients

f / / known or added to the transfer program
and they just were not listed but they

“ / had a rapid deterioration and then
were eventually listed? My other question is: What was
the wait time for these people waiting for transplants?
Have you used more extended-criteria donors for this pop-
ulation to get them access early on so they have that data?

Dr Ahmad. To answer your first question, some of them
were listed to our center, although the vast majority were
either transferred from other medical intensive care units
when they were in new-onset respiratory failure or from
other transplant centers that were unwilling to list them.
Second, the wait time from listing to transplant, as I showed,
is about 20 days in these urgent patients. Regarding the wait
time from hospital admission to listing, I don’t have that.
That’s a good question.

Dr Cypel. Finally, how do you manage the patients who
come to your center fully sedated on a ventilator and ha-
ven’t had a discussion about lung transplant?

Dr Ahmad. That’s a great question, Marcelo. These are
challenges we struggle with every time in every single
one of these patients, and some of the factors that we strug-
gle with post-transplant are not really physiologic. They
could be more psychosocial. Some patients may never
have wanted a transplant; these are some of the issues we
all struggle with, and using ECMO as a bridge to decision
has really helped us get through some of these difficult
situations.

Dr Kenneth R. McCurry (Cleveland,
Ohio). T'll just extrapolate on that.
We’ve probably done about maybe 10
or so transplants, I would say, in the
last 18 months along those lines, Mar-
celo. Patients that came to us either
on ECMO or on a ventilator, sedated
and paralyzed, that we rehabbed and
ultimately got to a point where we felt we could transplant.

Dr Lau. One more question and then one comment. The
one patient who died in our study was an urgently listed pa-
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tient, and we found that he had cancer, and we took
his lungs, both lungs, and also in the lymph nodes at the
time of explant. What do you do? Do you complete the
entire workup for these patients? Obviously, we had a
computed tomography scan, it was unexpected, but in
general do you get colonoscopies? How do you do all
that? Urgently?

Dr Ahmad. We’ve had that situation before, too, where
unexpected malignancy was found and, in the explants,
but these patients were not in the urgent group. So, in terms
of the workup, getting complete testing can be challenging.
As you know, some of it depends on what physiologic
shape or form the patient is in. When patients are
intubated or require high oxygen supplementation, such as
non-rebreather masks, getting gastrointestinal studies is
out of question. We end up relying on detailed history and
imaging studies. We do measure prostate-specific antigen
level routinely.

But that’s about it. Some of the bigger and important
things that can get skipped when a patient, let’s say, is on
mechanical ventilation or ECMO, are the psychosocial
evaluation, the oncologic evaluation, the family/social sup-
port, and so forth. Despite thorough multidisciplinary eval-
uation, and when time is of the essence, family and social
structure rally around and agree to support, but it’s really

after the transplant when things start to change, and there
are cases where we have struggled with these unpredictable
issues.

Dr Lau. How do you get everybody on the same page?
So, you have a transplant surgeon at the meeting, and they
agree to do this urgent patient, and then tag, you’re it. It’s
your partner doing the transplant. Everybody buy into
that?

Dr Ahmad. We’re fortunate that we have a very tight-
knit group that after extensive multidisciplinary evalua-
tions, including gastrointestinal workup, oncologic workup,
and so on, makes a combined decision. Some urgent deci-
sions are made on e-mail exchanges, but typically with
the whole group contributing to the decision-making.
We’re also somewhat unique in that we have both thoracic
and cardiac surgeons in the multidisciplinary group, and
some of our pulmonologists and thoracic surgeons are
also part of the thoracic oncology teams, which makes
some of these complex selections easier.

Dr McCurry. I would say that the default position in our
program, certainly for the last decade, has been to be
aggressive, and that’s the way we see it. We believe in giv-
ing patients an opportunity at survival and that’s the way we
approach things. Thank you very much.

Dr Ahmad. Thank you very much.
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APPENDIX E1: VARIABLES CONSIDERED AT
TIME OF LISTING FOR URGENTLY LISTED
GROUP

Demographics: age, sex, race, height, weight, weight/
height ratio, body surface area, body mass index

Blood type: A, AB, B, O

Diagnosis: cystic fibrosis, obstructive lung disease, pul-
monary vascular disease, restrictive lung disease

Diagnosis (granular): cystic fibrosis or bronchiectasis,
chronic obstructive pulmonary disease/emphysema/alpha-
1 antitrypsin deficiency, idiopathic pulmonary fibrosis,
sarcoidosis

Medical history: chronic obstructive pulmonary
disease, diabetes, gastroesophageal reflux disease, hyper-
tension, history of smoking, thoracotomy, tracheostomy,
transfusion

Hospitalization: transfer from outside facility, Karnofsky
score

Life support: ventilator,
oxygenation, on inotropes

Nutrition: albumin, total protein

Renal: blood urea nitrogen, creatinine, creatinine clear-
ance, glomerular filtration rate

Liver: bilirubin, international normalized ratio, model for
end-stage renal disease (MELD) score

Hematology: hematocrit, hemoglobin, platelets

Respiratory: forced expiratory volume in 1 second
(percent predicted), forced vital capacity (percent predicted)

Blood pressure: systolic, diastolic, mean

Hemodynamics: pulmonary artery pressure (systolic,
diastolic, mean), wedge pressure, right ventricular pressure
(systolic, diastolic), left ventricular pressure, ejection
fraction

Lung allocation score: lung allocation score at listing

Serology/antibodies: Epstein—Barr virus IgG, cytomegalo-
virus

Interval: date of listing

extracorporeal membrane

APPENDIX E2: BASELINE VARIABLES
CONSIDERED IN MULTIVARIABLE ANALYSES OF
LUNG TRANSPLANT RECIPIENTS AND DONORS
Recipient

Demographics: age,* sex,* race,* height, weight, weight/
height ratio, body surface area, body mass index*

Blood type: A,* AB, B, O*

Antigen/antibodies: Epstein—Barr virus IgG, cytomega-
lovirus; panel reactive antibodies

Diagnosis: cystic fibrosis, obstructive lung disease,* pul-
monary vascular disease, restrictive lung disease

Diagnosis (granular): cystic fibrosis or bronchiectasis,
chronic obstructive pulmonary disease/emphysema/alpha-1

antitrypsin deficiency,
sarcoidosis

Medical history: chronic obstructive pulmonary disease,
diabetes,* gastroesophageal reflux disease, hypertension,*
history of smoking,* thoracotomy, tracheostomy,*
transfusion

Hospitalization: transfer from outside facility, in inten-
sive care unit,* Karnofsky score

Life support: ventilator,* extracorporeal membrane
oxygenation,* intubated at Cleveland Clinic, intubated at
outside hospital

Nutrition: albumin,* total protein

Renal: blood urea nitrogen,* creatinine, creatinine clear-
ance, glomerular filtration rate*

Liver: bilirubin,* international normalized ratio, model
for end-stage liver disease (MELD) score*

Hematology: hematocrit, hemoglobin, platelets

Respiratory: forced expiratory volume in 1 second
(percent predicted),* forced vital capacity (percent
predicted)

Blood pressure: systolic, diastolic, mean

Hemodynamics/cath/echo: cardiac output, pulmonary ar-
tery pressure (systolic, diastolic, mean*), ejection fraction,
right ventricular pressure (diastolic & systolic), wedge,
right atrial mean pressure, right ventricular dilatation, right
ventricular dysfunction, tricuspid regurgitation, mitral
regurgitation, left atrial enlargement, left ventricular dilata-
tion, left ventricular dysfunction

Lung allocation score: lung allocation
transplant™

Intervals: preoperative length of hospital stay, date of
transplant*®

Surgical: ischemic time, double/single lung transplant,*
coronary artery bypass grafting

idiopathic pulmonary fibrosis,

score at

Donor

Demographics: age,* sex,* race, height, weight, weight/
height ratio, body surface area, body mass index

Blood type: A, AB, B, O

Other: blood urea nitrogen, creatinine, Epstein—Barr
virus, immunoglobulin G, alcohol use, antihypertensive
medication, clinical infection, history of smoking,* cancer,
recreational drugs, cause of death (anoxia, stroke, trauma)

Lab values: blood urea nitrogen, creatinine

Recipient and Donor
Sex mismatch, race mismatch,* weight ratio

Note: Asterisks denote variables used in weighted pro-
pensity matching.
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3000 -
2000 A
#
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0 -
Total =6mo =1y =22y >3y >4y =25y =26y =27y =28y
Time
Number:
l Patients-ULT 108 97 85 62 43 32 21 14 9 5
l FEV1 Records-ULT 2583 1724 1284 782 468 300 186 107 62 24
[ Patients-ELT 910 830 740 570 429 332 256 177 137 86

O FEV1 Records-ELT 26,179 17,959 14,220 9375 6184 4168 2632 1632 980 476

FIGURE E1. Number of ULT and ELT patients and number of FEV1 (percent predicted) records available at and beyond various time points following lung
transplant. ULT, Urgently listed and transplanted; FEVI, forced expiratory volume in 1 second; ELT, electively listed and transplanted.
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FIGURE E2. Quality of weighted balancing score matching of urgently listed and electively listed lung transplant patients. A, Mirrored histogram of dis-
tribution of weighted balancing scores between groups. Shaded areas indicate matched patient pairs, showing that they cover the complete spectrum of
cases. B, Standardized differences of selected variables before and after matching. Vertical dashed lines at —10% and +10% indicate boundaries of desirable
matching. Blue triangles represent standardized differences before weighted propensity score—based matching, with positive values indicating a variable is
more common in the urgently listed group and negative values indicating variables more characteristic of patients in the electively listed group. Red squares
represent values after matching. LAS, Lung allocation score; ECMO, extracorporeal membrane oxygenation; dx, disease; FEVI(% ), forced expiratory vol-
ume in 1 second (percent of predicted); MELD, model for end-stage liver disease; INR, international normalized ratio; BMI, body mass index; vasc., vascular.
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FIGURE E3. Death at any time after listing, including post-transplant deaths, among urgently listed (red symbols and line) and electively listed (blue sym-
bols and line) patients. Vertical bars are 68% confidence limits, equivalent to £1 standard error. Numbers below horizontal axis are patients still followed
beyond that time point.
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FIGURE E4. Cumulative incidence of transplantation and death before transplantation, after elective listing. Inset: Cumulative incidence over period of
8 weeks after elective listing. Format is as in Figure 2.
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FIGURE ES5. Instantaneous risk of death after urgent listing for transplan-
tation. A, Two hazard phases for death were resolved, early and constant.
Total hazard is the sum of these phases at each point in time. B, A single
phase of hazard for transplant was resolved.
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FIGURE E6. Phases of hazard comprising instantaneous risk of death after transplant for urgently listed patients. The early hazard phase (red line) is brief
and merges with the constant hazard over time.
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FIGUREE7. Risk-adjusted nomograms of predicted survival at various time points after transplant for urgently listed patients based on Table E4. A, Effect
of INR on 3-month, 6-month, and 1-year survival. Albumin = 3.3 g/dL, bilirubin = 0.4 mg/dL. B, Effect of albumin on 1-, 3-, and 5-year survival. INR = 1.0,
bilirubin = 0.4 mg/dL. C, Effect of bilirubin on 1-, 3-, and 5-year survival. Albumin = 3.3 g/dL, INR = 1.0. INR, International normalized ratio.
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TABLE E1. Variables associated with urgent versus elective listing TABLE E2. Incremental risk factors for competing events after
Reliability, urgent listing
Variable Estimate + SE Pr > x2 % * Coefficient P Reliability,
Higher lung allocation score  0.037 £ 0.0088 <.0001 94 Risk factor + SE value Yo
Higher creatinine clearancef 1.5+ 0.40 .0002 65 Death on waitlist
Higher blood urea nitrogen ~ 0.044 + 0.015 004 51 Early phase
Older agef 1.2 £0.33 .0002 50
In hospital 38£052 <0001 76 Higher bilirubin? 056 +0.15 0003 57
In intensive care unit 3.5 £0.58 <.0001 76 Transfer from another 1.6 + 0.31 <.0001 72
Diabetes 0.72 £ 0.28 .001 75 institution
SE, Standard error; Pr, probability. *Percent of times factor appeared in 1000 boot- Constant phase
strap models. TLn(creatinine clearance), logarithmic transformation. Higher MELD score§ 0.32 £+ 0.081 <.0001 57
Transplanted
Early phase
Not transferred from 1.03 £ 0.31 .0008 95
another institution
No previous transfusion ~ 0.70 £ 0.21 .001 64
No inotropes 0.87 £ 0.26 .0009 86
Higher eGFRI| 0.99 £0.21 <.0001 85

SE, Standard error; MELD, model for end-stage liver disease; eGFR, estimated
glomerular filtration rate. *Percent of times factor appeared in 1000 bootstrap models.
T(Age/50)*, squared transformation. fLn(bilirubin), logarithmic transformation.
§(MELD score/7.5)?, squared transformation. "Ln(creatinine clearance), logarithmic
transformation.
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TABLE E3. In-hospital outcomes in urgently listed and electively listed patients: weighted propensity-matched cohorts

Urgently listed (total n = 77) Electively listed (total n = 76)
Outcome n* No. (%) n* No. (%) P value
Death 76 9.6 (13) 76 8.6 (11) .8
Stroke 76 0.31 (0.40) 76 4.2 (5.5) 12
Atrial fibrillation 76 28 (37) 76 29 (38) .8
Atrial flutter 76 1.6 (2.1) 76 1.9 (2.5) .8
Myocardial infarction 76 0 (0) 76 1.1 (1.4) -
Reoperation for bleeding 76 9.9 (13) 76 7.0 (9.3) 4
Reoperation for tamponade 76 1.7 (2.2) 76 0.92 (1.2) .6
Respiratory distress 76 0 (0) 76 0.32 (0.43) -
Respiratory failure 76 0.11 (0.14) 76 2.0 (2.6) 3
Intra-/postoperative ECMO 76 3.9(5.1) 76 5.2 (6.9) .6
Primary graft dysfunction
Grade at TO 74 73 .5
0 30 (40) 22 (30)
1 11 (15) 12 (17)
2 3(4.3) 13 (18)
3 29 (40) 25 (35)
Grade at T24 75 72 .06
0 37 (49) 20 (28)
1 13 (18) 25 (35)
2 6.9 (9.2) 11 (16)
3 16 (22) 14 (19)
Grade at T48 74 72 .02
0 33 (45) 14 (20)
1 19 (26) 33 (45)
2 7.6 (10) 12 (17)
3 13 (18) 11 (15)
Grade at T72 72 70 .18
0 30 (42) 18 (26)
1 20 (28) 30 (44)
2 8.6 (12) 11 (17)
3 12 (17) 8.6 (12)
Length of stay, df
Intensive care unit 69 7 (3, 38] 69 10 [3, 55] 17
Postoperative 76 23 [11, 60] 76 24 [12, 65] 2

ECMO, Extracorporeal membrane oxygenation. *Patients with data available. {Median [15th, 85th percentiles].

TABLE E4. Incremental risk factors (baseline) for death after urgent
lung transplant

Factor Coefficient + SE P value Reliability, %*
Early phase
Higher INRf 26+12 .03 60
Constant phase
Lower albumin? -2.0 +£0.39 <.0001 69
Higher bilirubin§ 0.10 £+ 0.015 <.0001 69

SE, Standard error; INR, international normalized ratio. *Number of times factor ap-
peared in 1000 bootstrap models. {(Log[INR]), logarithmic transformation. {(Log
[Albumin]), logarithmic transformation. §(Bilirubin)2, squared transformation.
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