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Background: Morbidity and mortality rates after lung transplantation remain high compared to other solid organ transplants.
In the lung allocation score era, patients given the highest priority on the waitlist are those with the greatest
severity of illness, who often require preoperative hospitalization.

Material/Methods: To determine the association of pre-transplant hospitalization with post-transplant outcomes, we retrospec-
tively evaluated 448 lung transplant recipients at our center between January 2010 and July 2017 (114 hospi-
talized; 334 outpatient).

Results: Survival was similar between the groups (hazard ratio 0.93 [95% Cl 0.61 to 1.42], p=0.738). However, hospi-
talized patients had longer hospital and intensive care unit length of stay compared to outpatients — 25 vs. 18
days, (p<0.001) and 9.5 vs. 6 days, (p<0.001), respectively. Hospitalized patients had higher rates of Grade 3
primary graft dysfunction — 29.8% vs. 9.6%, p<0.001 — and remained mechanically ventilated longer — 6 vs. 3
days, p<0.001. A greater percentage of hospitalized patients needed a tracheostomy and a re-operation with-
in 30 days — 39.5% vs. 15.3% (p<0.001) and 22.8% vs. 12.0% (p=0.005) — respectively. After discharge, 28% of
hospitalized patients required acute rehabilitation compared with 12% of outpatients (p=0.001).

Conclusions: While pre-transplant hospitalization is not associated with mortality, it is associated with significant morbidi-
ty after transplant.

MeSH Keywords: Hospitalization ¢ Lung Transplantation ¢ Patient Outcome Assessment

Abbreviations: 6MWT - six-minute walk test; CPAP — continuous positive airway pressure; ECMO — extracorporeal mem-
brane oxygenation; FEV1 — forced expiratory volume during the first second; FVC — forced vital capacity;
HR - hazard ratio; ICU — Intensive Care Unit; IQR — interquartile range; LAS - lung allocation score;
LOS - length of stay; MV — mechanical ventilation; PA — pulmonary artery; PGD — primary graft dysfunc-
tion; RF — respiratory failure
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Background

Lung transplantation is a potentially lifesaving therapy for pa-
tients with end-stage pulmonary disease. While lung transplan-
tation increases survival and improves quality of life, mortali-
ty rates after lung transplantation are higher than after other
solid organ transplants, with an 85% 1-year survival rate and
a nearly 60% 5-year survival rate [1-3]. With the implemen-
tation of the lung allocation score (LAS) system in the United
States in 2005, the highest priority on the waitlist has been
given to patients with the greatest severity of illness [4,5]. As
such, these patients often require hospitalization before un-
dergoing lung transplantation for higher oxygen supplemen-
tation, mechanical ventilation (MV), or extracorporeal mem-
brane oxygenation (ECMO) support, with a significant increase
in the proportion of patients transplanted while supported on
MV or ECMO in recent years [6-8]. While these technologies
are lifesaving for patients presenting with an acute respirato-
ry decompensation and requiring urgent listing, the hospital-
ization, in and of itself, is associated with numerous adverse
outcomes, including deconditioning, frailty, nosocomial infec-
tions, and poor quality of life [9, 10]. The most recent ISHLT
Registry report incorporates hospitalization into the multivari-
able analysis of 1-year and 5-year mortality, with notable ad-
justed hazard ratios (HRs) of 1.424 and 1.431 for increased
mortality, respectively [2]. Outside of this report, the morbidi-
ty and mortality associated with inpatient hospitalization pri-
or to lung transplantation have not been rigorously examined.

In this single-center retrospective cohort study, we aimed to
investigate morbidity and mortality of lung transplant recip-
ients who required hospitalization prior to lung transplanta-
tion. We hypothesized that hospitalized patients would have
worse post-transplant survival and an increase in post-trans-
plant complications, compared with outpatient recipients.

Material and Methods

We reviewed all adult patients who underwent lung transplan-
tation at our institution between January 1%, 2010 and July 1%,
2017. Columbia University Medical Center Institutional Review
Board approval was obtained for data review and analysis.
We excluded patients who underwent re-do transplantation
from our analysis. We stratified patients into those who were
hospitalized immediately prior to transplant and those who
were outpatient. The primary outcome of interest was post-
transplant survival in hospitalized lung transplant candidates
as compared to outpatient candidates. The secondary out-
comes included Intensive Care Unit (ICU) and hospital length
of stay (LOS), duration of mechanical ventilation (MV), need
for tracheostomy, re-operation within 30 days after transplan-
tation, presence of primary graft dysfunction (PGD) at 72 h
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after transplant and its grade, and disposition after the index
transplant admission, such as to a rehabilitation center ver-
sus home. The presence of PGD was independently assessed
by 2 pulmonologists using the most recent classification [11].

Categorical data were expressed as frequency and proportion,
whereas continuous data were presented as mean and stan-
dard deviation or median with interquartile range (IQR). Survival
analysis was performed using Kaplan-Meier survival estimates
with log-rank test censored at 5 years. Secondary outcomes
were assessed using the chi-square test and Wilcoxon signed-
rank test. Multivariable logistic regression was used to adjust
mortality rate ratios for clinically important covariates, namely,
age, LAS, MV or ECMO support, diagnosis group, and the num-
ber of days on waitlist, all of which were identified a priori. Six-
minute walk test (6MWT) was not included in the final multi-
variable model due to multicollinearity with the hospitalization
status. To address the competing risk of death for secondary
outcomes, sensitivity analysis was performed to determine
event-free days, using previously described methods [12,13].
Descriptive statistics, regression analysis, and survival esti-
mates were performed using Stata/IC 15.1 statistical software.

Results

The study cohort comprised 448 patients who underwent lung
transplantation at our institution during the study period and
met the inclusion and exclusion criteria. The cohort was divided
into patients who were hospitalized immediately prior to receiv-
ing transplant (n=114) and outpatient recipients (n=334). Several
baseline demographic characteristics were significantly different
between the groups (Table 1). The hospitalized group was on av-
erage younger than the outpatient group and differed significant-
ly in race/ethnicity, as well as diagnosis group. Notably, patients
with cystic fibrosis, who are on average younger, accounted for
27.2% of the hospitalized group compared to 11.7% of the out-
patient group. Not surprisingly, LAS were dramatically different
between the groups, with mean LAS of 84.5 in the hospitalized
group and 46.5 in the outpatient group. 6MWT, days on wait-
list, serum creatinine, mean pulmonary artery pressure (mPAP),
and percent requiring MV or ECMO support also differed signif-
icantly. Further stratified demographics and clinical variables by
hospital location are demonstrated in Table 2.

At 1 year, the crude rate of patient survival was 87.7% in the
hospitalized group, compared with 89.2% in the outpatient
group, p=0.66. There was no significant survival difference be-
tween the groups (HR 0.93 [95% Cl 0.61 to 1.42], p=0.738), as
demonstrated in Figure 1. When adjusted for age, LAS, days on
waitlist, MV/ECMO support, and diagnosis group, the finding
persisted, with no difference in patient survival (adjusted HR
0.95 [95% Cl 0.44-2.05], p=0.901). Further stratified analysis
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Table 1. Baseline characteristics.
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Age at transplant, mean (SD), years 47.8 (15.7) 55.8 (12.5) <0.001
 MaleNo.®) 60 (526) 182 (545 0731
©Race/Bthnicity, No. (%) 0018
777777 White 79 (69.3) 258 (77.3)
 African American 12 (105) 2 (28
"""" Wispanic ) 3 (69)
ASIan 7777777777777777777777777777777777777777777777777777777777777777 10 (8.8) 9 en
777777 oter 3 (6 2 (06)
 Diagnosis group, No. (%) w001
 A(obstructive lung disease) 8 (7.0 s a7z
"""" B (pulmonary vascular disease) ) 3 (99)
"""" C(cystic fibrosis) 31 (27.2) 39 (117)
"""" D (restrictive lung disease) 67 (588) 203 (60.8)
© Body mass index, mean (SD), kg/m? 238 (49 250 @a 0016
s, mean(D) 845 (14.0) 465 (112) o001
© 6MWT, mean (D), feet 400 (366) 872 (394) w001
© Days on waiting list, mean (SD) 1153 (165.3) 1850 2450) 0005
Hospital Location, No (%)
"""" Intensive Care Unit 84 (737) -
""""" Step downunit 14 (123) -
"""" Medicine floos 16 (14.0) -
CAttransplant
"""" FEV1, mean (SD),% predicted 391 (18.9) 364 (18.9) o018
"""" FVC, mean (SD)% predicted 449 (178) 440 (167) o6
"""" Serum creatinine, mean (D), mg/liter 068 (0.24) 081 (0.23) w001
"""" Mean PA pressure, mean (SD), mmHg 315 (15.5) 258 (9.8) o001
"""" Chronic hypercapneic RF, No. (%) 38 (333) 0 @7 w001
Invasive mechanical ventilation 38 >
© Non-invasiveventilaion - 7
""" ECMO Support,No (%) 51 (44.7) -

* Two patients receiving nightly MV via tracheostomy at home, seven patients receiving CPAP. Data presented as a percent or mean.
SD - standard deviation; LAS - lung allocation score; 6MWT — six-minute walk test; FEV1 — forced expiratory volume in the first
second; FVC — forced vital capacity; PA — pulmonary artery; RF — respiratory failure; ECMO — extracorporeal membrane oxygenation;

CPAP — continuous positive airway pressure.

of patients admitted to the ICU (n=84) versus all other non-
ICU patients (n=364) showed no difference in patient surviv-
al (HR 1.07 [95% Cl 0.68-1.68], p=0.772), as demonstrated in
Figure 2. In the hospitalized group, patient survival between
ICU and non-ICU patients did not differ significantly (HR 1.65
[95% CI 0.63-4.35, p=0.308]).

With regard to secondary end-points, there were multiple sig-
nificant differences between the groups (Table 3). Median post-
transplant hospital LOS was 25 days (IQR 18 to 41 days) in the
hospitalized group, compared with 18 days (IQR 13 to 25 days)
in the outpatient group (p<0.001). Median post-transplant ICU
LOS was 9.5 days (IQR 6 to 19 days) in the hospitalized group,
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Table 2. Baseline characteristics by hospital location.
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Age at transplant, mean (SD), years 45.7 (16.3) 53.6 (12.4) 0.017
 MaleNo.®) 22 (50.0) 18 (600) 0346
©Race/Ethnicity No. (%) 0874
77777777 White 58 (69.0) 21 (700)
 African American 9 (10.7) 3 w0
"""" Wispanic 7 ©3) 3 (100
A5|an 7777777777777777777777777777777777777777777777777777777777777777 7 (83) 3 @0
"""" other 3 (36) 0
* Diagnosisgroup, No. (%) 0039
 A(obstructive lung disease) ®.3) o6y
"""" B (pulmonary vascular disease) 6 (7.1) 2 (67
"""" C(cystic fibrosis) 28 (333) 3 (100)
"""" D (restrictive lung disease) 43 (512) 24 (800)
© Body mass index, mean (SD), kg/m* 236 (52 24 @43 0436
S, means®) 878 (9.73) 752 (19.2) w001
© 6MWT, mean (SD), feet 359 (362) 517 (358) 0042
© Days on waiting list, mean (SD) 100 (154) 133 (193 0504
© Attransplant 275 (265 276 (176) 0983
"""" FEV1, mean (SD), % predicted 377 (182) 22 (207)
"""" FVC, mean (SD), % predicted 451 (180) 442 (175) - oare
"""" Serum creatinine, mean (SD), mg/liter 067 (0.29) 072 (0.23) o827
"""" Mean PA pressure, mean (SD), mmHg 319 (143) 302 (183) o030
"""" Chronic hypercapneic RF, No. (%) 0603
©Invasive mechanical ventilation 37 (44.0) -
© Non-invasiveventilaion - o6y
""" ECMO Support, No %) 51 (60.7) -

Data presented as a percent or mean. SD — standard deviation; LAS — lung allocation score; 6MWT — six-minute walk test; LOS — length
of stay; FEV1 — forced expiratory volume in the first second; FVC — forced vital capacity; PA — pulmonary artery; RF — respiratory failure;
ECMO - extracorporeal membrane oxygenation; CPAP — continuous positive airway pressure.

compared to 6 days (IQR 4 to 10 days) in the outpatient group
(p<0.001). In the hospitalized group, 34 patients (29.8%) had
Grade 3 PGD at 72 h, compared to 32 patients (9.6%) in the
outpatient group (p<0.001). Hospitalized patients remained
mechanically ventilated a median of 6 days after transplanta-
tion (IQR 3 to 15 days), whereas outpatient recipients required
mechanical ventilation for a median of 3 days (IQR 2 to 6 days)
(p<0.001). Twenty-six hospitalized patients (22.8%) required a
re-operation within 30 days of transplantation, compared to
40 patients (12.0%) in the outpatient group (p=0.005). Of the
hospitalized recipients, 45 patients (39.5%) required a trache-
ostomy as compared to 51 patients (15.3%) in the outpatient
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group (p<0.001). Lastly, in the hospitalized group, 32 patients
(28%) required acute rehabilitation after discharge, compared
to 40 (12%) in the outpatient group (p=0.001).

Specific to the hospitalized group, secondary outcomes in the
ICU versus non-ICU patients are reported in Table 4. Notably,
patients hospitalized in the ICU had significantly longer hos-
pital and ICU LOS compared to non-ICU hospitalized patients.
The ICU subgroup also remained mechanically ventilated lon-
ger, had higher rates of tracheostomy, and was less likely to
return directly home after hospitalization.
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Number at risk Years post lung tranplantation Number at risk Years post lung tranplantation
Outpatient 334 298 260 210 197 133 Non-ICU 364 326 285 25 178 142
Hospitalized 114 100 93 62 49 32 ICU 84 72 68 47 38 23

Figure 1. Kaplan-Meier curve illustrating survival based on
hospitalization status.

Figure 2. Kaplan-Meier curve illustrating survival based on ICU
status.

Table 3. Morbidity in hospitalized versus outpatient lung transplant recipients.

Hospitalized (n=114)

Outpatient (n=334)

Hospital LOS, median [IQR], days 25 [18;41] 18 [13;25] <0.001

| ICUL0S, median [IQR]days o5 [619] 6 4100 <0001
© Grade 3PGD at 72 hours, No. (6 34 (@98 32 (€ <001
 Length of MV, median [IQR, days 6 [315] 3 [z6] <001
© Need forre-operation, No. %) 26 (28 40 (120 0005
© Need for tracheostomy, No. (%) 45 (395 51 (153 <0001
CDisposition, No. %) o001
"""" Home 73 40 276 (260
 Aaterehab 2 @8y 40 @20
"""" longterm acute care hospital 9 (9 18 G4

* Missing data on 41 patients, analysis performed on a cohort of 407 patients. Data presented as a percent or median with an
interquartile range. LOS — length of stay; IQR — interquartile range; ICU — Intensive Care Unit; PGD — primary graft dysfunction;
MV — mechanical ventilation.

To account for the competing risk of death, event-free days
through day 28 were compared between the groups (Table 5).
The median hospital-free days was 1 day (IQR 0 to 9 days) in
the hospitalized group, compared with 10 days (IQR 1 to 14
days) in the outpatient group (p<0.001). The median ICU-free
days was 18 days (IQR 8 to 22 days) in the hospitalized group,
compared with 22 days (IQR 17 to 24 days) in the outpatient
group (p<0.001). Finally, there were less ventilator-free days
in the hospitalized group, with a median of 22 days (IQR 12
to 55 days), compared to the outpatient group with a median
of 25 days (IQR 22 to 26 days) (p<0.001).

This work is licensed under Creative Common Attribution-
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Discussion

In this single-center study, we retrospectively evaluated the ef-
fect of preoperative hospitalization on morbidity and mortality
in lung transplant recipients. We demonstrated that although
hospitalized lung transplant candidates are much sicker, with
higher LAS compared with outpatient candidates, there was
no significant difference in post-transplant survival between
the groups. Notably, however, pre-transplant hospitalization
portended significant morbidity. In our study, patients hos-
pitalized prior to lung transplantation required longer post-
transplant hospital and ICU stays, longer duration of MV,
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ICU (n=84) Non-ICU (n=30) AENT
Hospital LOS, median [IQR], days 29 [19;43] 20 [14;26] 0.009
©ICULOS, median [IQRIdays 11 | 720 7 @ 0009
© Grade3PGDat72hours, No. (%) 30 @7 4 @3 0062
©Length of MV, median [IQR], days 7 | w171 3 el <001
© Need forre-operation, No. %) 20 (38 6 oo) 0669
© Need for tracheostomy, No. (%) 40 (476) 5 (67 0003
CDisposition, No. %) 0028
"""" Home 4 o 26 @©n
 Aaterehab 29 (a8 3 @wo
"""" longterm acute care hospital 6 (1 3 @o

* Missing data on 8 patients, analysis performed on a cohort of 106 patients. Data presented as a percent or median with an
interquartile range. LOS — length of stay; IQR — interquartile range;ICU — Intensive Care Unit; PGD — primary graft dysfunction;

MV — mechanical ventilation.

Table 5. Event-free days through day 28 in hospitalized versus outpatient lung transplant recipients.

Hospitalized (n=114)

Hospital-free days, median [IQR]

22 [12;55]

Ventilator-free days, median [IQR]

Outpatient (n=334)

[0;9] 10 [1;14] <0.001
[8;22] 22 [17;24] <0.001
25 [22;26] <0.001

Data presented as a median with an interquartile range. IQR — interquartile range; ICU — Intensive Care Unit.

higher rates of Grade 3 PGD, greater need for tracheostomy
and re-operation, and higher likelihood of inpatient rehabil-
itation upon hospital discharge. Subgroup analysis of hospi-
talized patients in the ICU compared to non-ICU hospitalized
patients revealed similar results, with the exception of simi-
lar rates of PGD and re-operation.

Our main finding of comparable survival between hospital-
ized and outpatient groups was unexpected and has a num-
ber of plausible explanations reflective of center-specific prac-
tice. First, our hospitalized cohort was overly representative of
cystic fibrosis patients and had fewer patients with obstruc-
tive lung disease, thus representing a younger and more like-
ly to survive population. Second, the comparable survival may
be reflective of the kind of hospitalized patients in our cen-
ter who survive until transplantation. While we do not have
data on deactivation rates of hospitalized versus outpatient
candidates, our waitlist mortality rate is 21.0 per 100 person-
years, compared to national average of 17.7 per 100 person-
years [14]. This may in turn suggest that those patients who
become deactivated, as determined by end-organ failure, pres-
ence of systemic infection, or severe muscular deconditioning,
might be sicker, and thus the hospitalized group that goes

This work is licensed under Creative Common Attribution-
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through to transplant might be healthier. Additionally, nearly
half of our hospitalized patients require preoperative ECMO
support as bridge to transplantation, which our center has ex-
tensive experience in and has previously reported successful
bridging to transplant rates of 59% in nearly the exact same
cohort as in the present study [15]. Lastly, higher survival in
the hospitalized group could potentially be explained by a
trend toward accepting less marginal organs for this popula-
tion, although this is unlikely as we and others have reported
similar post-transplant survival following transplantation us-
ing marginal lungs [16].

The implementation of LAS in 2005 has led to successful re-
duction in waitlist mortality and allocation of organs to candi-
dates in greatest need [4]. Prioritization of the most severely
ill patients in the post-LAS era, however, has fueled an emer-
gence of literature addressing the subject of resource utiliza-
tion and cost. Our findings are in line with those of Mooney and
colleagues, who reported an increasing number of patients re-
quiring preoperative ICU admission, mechanical ventilation, or
ECMO support [17]. In recent years, the utilization of ECMO for
bridging to transplantation has become more widespread with
an increasing number of centers reporting greater use, which
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is reflective of our findings as well, and underscores the trend
for sicker patients being transplanted [18-20]. Furthermore,
Keller et al. reported that patients with the highest LAS have
substantially greater healthcare utilization, noting an increas-
ing trend in the percent of patients requiring preoperative hos-
pitalization — up to 15% of all recipients in the 2012 through
2015 study period [21]. Our study builds on this finding by re-
porting an even greater percentage (one-quarter of all recip-
ients) requiring hospitalization prior to lung transplantation,
suggesting this trend might be on the rise. Corollary to these
findings are the reports of progressively increasing lung trans-
plant costs [22,23]. While we could not ascertain the exact costs
of hospitalization in our study, we highlight a number of mor-
bid outcomes in hospitalized patients when compared to out-
patient recipients, all of which inarguably and dramatically in-
crease healthcare utilization and associated costs.

Our findings also corroborate those reported by Crawford and
colleagues, supporting the claim that sicker, and in our case
hospitalized, patients are not necessarily at a survival disad-
vantage as they once might have been [24]. Nevertheless, the
sickest and most functionally limited patients are often the
ones to become hospitalized prior to lung transplantation and
remain hospitalized until transplant or death, with very low
likelihood of sufficient recovery to go home. Considerable ef-
forts are undertaken to keep hospitalized patients physical-
ly active, infection-free, and high-spirited in an attempt to
preserve their candidacy. Our study results suggest that dur-
ing that time, we should also be setting realistic expectations
about post-transplant morbidity. Our data provide valuable
anticipatory guidance to patients and their families consider-
ing lung transplantation and would enrich discussions during
the consenting process.
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This study has a number of important limitations. First, we had
no objective measure of patient frailty, which is an emerging
predictor of post-transplant outcomes and is likely directly af-
fected by hospitalization, thereby potentially driving the effect
of hospitalization [25]. Second, inpatient transplant recipients
were significantly sicker, as demonstrated by high LAS, sug-
gesting that potentially LAS, and not hospitalized status, could
be driving the morbidity seen in our cohort, although we could
not ascertain the extent of the effect of LAS on morbid out-
comes [26,27]. Third, we lack data on the quality of life after
transplant. Although mortality rate is similar, it is possible that
the quality of life differs considerably between the 2 groups.
Similarly, we lack accessible data on lung function and rates
of rejection after transplant, both of which would be of inter-
est in this population and may be influenced by the pre-trans-
plant clinical trajectory. Lastly, as this was a single-center study
reflecting the practices of Columbia University Medical Center
only, our findings might not be generalizable to other centers.

Conclusions

In conclusion, we demonstrated that patients hospitalized im-
mediately prior to lung transplantation have a rate of surviv-
al similar to that of outpatient recipients, yet pre-transplant
hospitalization portends significant post-transplant morbidity.
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