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Abstract

Background: Pulmonary embolism (PE) is unexpectedly detected in some donor lungs during
organ procurement for lung transplantation. Anecdotally, such lungs are usually implanted,
however, the impact of this finding on recipient outcomes remains unclear. We hypothesized that
incidentally detected donor PE is associated with adverse short- and long-term outcomes in lung
transplant recipients.

Methods: We analyzed a prospectively maintained database of all lung donors procured by a
single surgeon and transplanted at our institution between 2009 and 2018. A standardized
approach was used for all procurements and included antegrade and retrograde flush. PE was
defined as macroscopic thrombus seen in the pulmonary artery during the donor procurement
operation.

Results: A total of 501 consecutive lung procurements were performed during the study period.
The incidence of donor PE was 4.4% (22/501). No organs were discarded due to PE. Donors with
PE were similar to those without PE in baseline characteristics and PaO2. Recipients in the two
groups were also similar. PE was associated with a higher likelihood of acute cellular rejection
grade (ACR) 2 2 (10/22, 45.5% vs. 120/479, 25.1%, p=0.03). Multivariable Cox modeling
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demonstrated an association between PE and the development of chronic lung allograft
dysfunction (CLAD) (hazard ratio, 2.02 (1.23-3.30), p=0.005).

Conclusions: Lungs from donors with incidentally detected PE may be associated with a higher
incidence of recipient ACR as well as reduced CLAD-free survival. Surgeons must use caution
when transplanting lungs with incidentally discovered PE. These preliminary findings warrant
corroboration in larger data sets.
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Brain dead organ donors are in a prothrombotic statel. Retrospective data indicate that
pulmonary embolism (PE) may be a frequent finding in organ donors whose lungs are
rejected for transplantation2. During lung procurement for transplantation, PE is
unexpectedly detected in some donor lungs. Whether or not to utilize donor lungs with an
incidentally discovered PE may create a clinical dilemma for transplant surgeons, as the
impact of this finding on recipient outcomes is unclear®. Given that the pulmonary arteries
are the sole source of oxygen delivery to lung parenchyma and bronchial tissue after
transplantation, PE may result in small airway ischemia that leads to allograft injury and
primary graft dysfunction (PGD) 34,

Few studies have examined the association between donor PE and recipient outcomes. One
report showed that significant donor PE diagnosed with echocardiography or computed
tomography (CT) scan prior to brain death was not associated with PGD, chronic lung
allograft dysfunction (CLAD) at 1 year, or overall survival (OS). In this study, the
pulmonary arteries were examined for the presence of PE during the donor procurement, and
again in the recipient operating room, at which time heparinized saline was injected into the
arteries prior to implantation. Interestingly, the 5-year CLAD free survival was actually
higher in recipients of donor lungs with massive PE®. Similarly, Fisher et al. have reported
three cases of successful transplantation of lungs from brain dead donors who developed
severe acute PE after cardiac arrest. While one of the recipients unfortunately expired due to
sepsis at 6 months, the other two recipients were alive and did not require supplemental
oxygen at the time of publication, suggesting that even severe acute PE may be associated
with acceptable outcomes®. Another study examined the impact of incidentally discovered
donor PE, as detected by retrograde flush in the recipient operating room, which triggered an
additional flush until no residual PE was found. Conversely, here the authors found that
incidentally discovered PE was an independent risk factor for prolonged recipient intubation
and PGD. In this study, only an antegrade flush was carried out at the time of procurements.
Hence, the impact of PE on recipient outcomes after transplant remains debatable and may
depend on how the PE is detected and addressed after being discovered. Our institution has
developed a standardized donor procurement protocol in which we perform antegrade flush
in vivo and immediately retrograde flush the donor lung after cardiac explant’. Anecdotally,
we have found that this technique may reveal donor PE that was not detected pre-
operatively.
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We hypothesized that incidentally detected donor PE is associated with adverse short- and
long-term outcomes in lung transplant recipients. To examine this, we conducted a single-
center cohort study via a prospectively maintained database to investigate the impact of
donor PE on recipient outcomes using consistent procurement and implantation techniques.

Patients and Methods

Data collection and Study Population

We performed a single-center retrospective cohort study of all donor lungs procured by a
single, experienced surgeon (MKP) and transplanted at our institution between December
2009 and June 2018. Data for this study were collected in a prospectively maintained
repository. The Washington University School of Medicine Institutional Review Board for
Human Studies approved the study protocol (1D #201810205).

Lung Procurement and Transplantation

A standardized lung procurement approach was used as previously described’. After bolus
administration of prostaglandin E1 (Alprostadil, Pfizer, Kirkland, QC, Canada), antegrade
flush perfusion with 5.6 L of cold Perfadex® solution (XVIVO Perfusion AB, Géteborg,
Sweden) was performed. After excising the heart, an additional 250 mL of Perfadex®
solution was administered as retrograde flush perfusion into each of the four pulmonary
veins. Lungs were then stored in cold preservation solution and transferred to the recipient’s
site. PE was defined as macroscopic thrombus noted during the lung procurement in the
pulmonary artery or coming out of the pulmonary artery during retrograde flush (Figure 1).
All lung transplants were performed at a single institution (Barnes-Jewish Hospital, St.
Louis, MO) and managed in a standard fashion, as outlined below. Importantly, all lung
transplant surgeons at our institution have been trained by the senior most surgeon in this
study (GAP) and use the same technique.

Postoperative Management

Outcomes

All patients were treated with basiliximab and methylprednisone for induction
immunosuppression, followed by a triple drug regimen for maintenance immunosuppression
(tacrolimus or cyclosporine, mycophenolate mofetil or azathioprine, prednisone).
Surveillance bronchoscopies with transbronchial lung biopsies and bronchoalveolar lavage
were performed at 1, 2, 3, 6, and 12 months after transplantation. Acute cellular rejection

(ACR) grade, PGD, and CLAD were defined and treated according to accepted standards
8-11

Short-term outcomes included the incidence of PGD and ACR. ACR was defined according
to the International Society for Heart and Lung Transplantation (ISHLT) criteria for lung
allograft rejection89. PGD grading was based on the ISHLT definitionl®. The PGD grade
was measured at the time of admission to the intensive care unit (0 hours) and then again at
24hrs, 48hrs, and 72hrs post-operatively. The highest grade of PGD at any time point during
the first 72 hrs post-operatively was considered the outcome of interest. Long-term outcomes
were evaluated by measuring OS and CLAD-free survival.
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Statistical Analysis

Results

Recipients were divided into two groups: those receiving a lung transplant from a donor with
(PE+) or without PE (PE-) discovered at the time of organ procurement. Donor and
recipient characteristics, as well as recipient outcomes, were summarized using descriptive
statistics and compared through Chi-square or Fisher’s exact test for categorical variables,
and Kruskal-Wallis test for continuous variables. CLAD-free survival was defined as the
time from date of transplantation to death or the development of CLAD, whichever occurs
first. Otherwise, patients were censored at the last follow-up. OS was defined as the time
from the date of transplantation to date of death or was censored at the last follow-up. OS
and CLAD-free survival were compared between PE+ and PE- groups using Kaplan-Meier
plots, with statistical differences determined by the log-rank test. Cox proportional-hazards
models were fitted to evaluate the relationship of key variables (PE, donor age, donor sex,
donor cause of death, donor smoking history, donor best PaO2, lung allocation score,
recipient age, recipient sex, ischemic time, cytomegalovirus [CMV] mismatch, PGD grade =
2, ACR) and CLAD-free survival. The proportionality assumption was tested by adding a
time-dependent covariate for each variable. All variables used in the univariable models
were considered in the multivariable model. The final multivariable model was built using
the backward stepwise selection approach to identify all significant risk factors. Factors
significant at a 10% level were kept in the final model. All statistical tests were two-sided
using an a = 0.05 level of significance. SAS Version 9.4 (Cary, NC) was used to perform the
statistical analyses.

Donor and Recipient Characteristics

Five hundred and one consecutive lung procurements were performed by one surgeon
between December 2009 and June 2018 (Supplemental Figure). The incidence of donor PE
was 4.4% (22/501). No organs were discarded due to donor PE. There were no significant
differences in the baseline characteristics or PaO2 between donors with PE and those
without PE. Recipients in the two groups were also similar in baseline characteristics,
underlying cardiopulmonary disease, and lung allocation scores (Table 1). Ninety seven
percent of recipients received double lung transplants (489/501), with no significant
difference between the PE+ and PE- groups (21/22, 95.5% vs. 468/479, 97.7%, p=0.42).

Short-term outcomes

There were no significant differences in the length of hospital stay between the two groups.
The incidence of postoperative renal failure was higher in the PE+ group (9.1% vs. 1.0%,
p=0.03), while the rate of other postoperative complications was similar between the two
groups. Among the 501 lung recipients, 238 (47.5%) developed PGD grade = 2, and 130
(25.9%) developed ACR within the first year after transplantation. The incidence of PGD
grade = 2 was similar in the PE+ and PE- groups (7/22, 31.8% vs. 231/479, 48.2%, p=0.13)
(Table 2). PE was associated with a higher likelihood of ACR grade = 2 (10/22, 45.5% vs.
120/479, 25.1%, p=0.03) (Table 2).
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Long-term outcomes

Comment

The 501 patients in our cohort were followed up for a mean of 39.1 £27.4 months (range: 0—
110 months). Kaplan-Meier analysis revealed that the CLAD-free survival rate was
significantly higher in recipients from donors without PE than with PE (p=0.002) (Figure 2).
Cox multivariable modeling showed that donor PE was associated with a higher likelihood
of CLAD (hazard ratio [HR], 2.02, 95% confidence interval [CI] 1.23-3.30, p=0.005), while
donor smoking status (>20 pack-years) was associated with a reduced incidence of CLAD
(HR 0.61, C1 0.39-0.97, p= 0.03) after lung transplantation (Table 3). None of the other
donor or recipient characteristics included in our study were associated with the
development of CLAD. There was no statistical difference in OS between transplants from
donors with and without PE (p=0.19) (Figure 3).

We have investigated the impact of incidentally discovered donor PE on recipient outcomes
following lung transplantation. We found that recipients receiving lungs from donors with
PE detected during lung procurement had a higher incidence of ACR after lung
transplantation. Furthermore, recipients receiving lungs from donors with PE had reduced
CLAD-free survival rate. We consider our findings preliminary and hypothesis generating,
yet they may offer important insights into chronic rejection after lung transplantation.

PE is a relatively common finding in brain dead patients. The incidence of deep-vein
thrombosis and PE are higher among patients who sustain a traumatic brain injury than those
without head injuryl2. Ware and colleagues? noted that the incidence of PE may be as high
as 35% in potential donors whose lungs were rejected for transplantation. In this study, lungs
were not flushed with cold preservation solution and were examined for both gross and
microscopic evidence of PE, explaining the higher incidence compared with our findings.
Interestingly, in both this study and ours, donor characteristics and PaO2 were not
significantly different between those with and without PE. These findings highlight the
importance of the intra-operative evaluation, as donor PE cannot be reliably predicted due to
significant variability in evaluation of potential donors via echocardiography and contrast
CT scanid,

One prior study has examined the significance of incidentally discovered donor PE prior to
lung transplantation3. Here, donor lungs from a cohort of 122 consecutive transplants were
flushed antegrade, but not retrograde, in the donor operating room and examined for the
presence of PE after cold storage. The authors found that 38% of these lungs contained PE
during a delayed retrograde flush in the recipient operating room?3; these results mirror those
discussed above by Ware and colleagues, who also did not perform an early retrograde cold
flush. It is our standard practice to consecutively perform both an antegrade and retrograde
flush during organ procurement’. The rationale for this technique is to rapidly cleanse the
lungs of static blood products immediately after perfusion is stopped and thereby prevent
thrombosis. Here, we report that with this technique the incidence of donor PE is only 4.4%,
a figure which is substantially lower than prior reports? 3,
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Lung transplantation remains the only treatment for advanced end-stage lung disease. As
lung transplantation is limited by the shortage of donor organs, the use of marginal donors is
one strategy to expand the donor pool4. It is unclear whether lungs with unexpected PE
impact outcomes after transplantation. However, successful implantation of donor lungs with
PE has been performed with good long-term outcomes by utilizing a mechanical
thrombectomy and heparin flush protocol®. In the study by Sommer and colleagues®, the
lungs from donors with significant PEs were subjected to a heparinized saline flush in the
recipient operating room prior to transplantation. Contrary to our results, they found that
lungs from donors with PE actually resulted in superior 5-year CLAD free survival. While
these findings may in part be explained by the fact that donors with PE were significantly
younger than those without (37 vs 46 years of age), they also may be related to the extra
heparin flush that was administered. Given that the findings from our study are not
congruent, we recommend that surgeons consider utilizing the thrombectomy and heparin
flush described by Sommer et al.> and exercise caution when accepting lungs with PE,
weighing the risk of transplantation and the urgency of the procedure. Furthermore, frequent
monitoring of recipients from donors with PE after transplantation may contribute to early
detection and treatment of ACR or CLAD.

With the changing landscape of donor management and optimization, another dilemma that
surgeons may be faced with is whether or not employ ex vivo lung perfusion (EVLP) in
marginal lung grafts prior to making the decision for transplantation. EVLP allows for a
unique opportunity to treat such lungs with therapies that may improve function. Keshavjee
and colleagues have previously described alteplase infusion via EVLP in a donor with PE,
which resulted in ex vivo thrombolysis and a favorable recipient outcome!®. While future
studies are needed to clarify the benefit of EVLP-mediated thrombolysis, this therapy may
hold promise for optimizing donor lungs with PE.

It is important to look for the presence of PE in donors as we have noted that incidentally
discovered PE may be associated with adverse recipient outcomes. Current donor
management does not include venous ultrasound for lower extremity deep venous
thrombosis or PE-protocol CT scans!. Chest CT imaging, which has previously been shown
to influence the decision to accept or decline lungs for transplantation, is commonly used to
evaluate potential lung donors8. However, a standard chest CT has a sensitivity of 66-93%
for detecting PE, and PE-protocol CT scan, with appropriate dose and timing of intravenous
contrast, may be needed to adequately detect PEL7. Furthermore, donors may develop PE
between the time of imaging and the procurement operation, undermining the value of these
tests.

Anatomically, the lungs are supplied by two separate vascular systems consisting of the
pulmonary arteries and bronchial arteries. The bronchial arteries carry oxygenated blood to
the lungs at a pressure six times that of the pulmonary arteries!®. The bronchial arterial
circulation has an important role in maintaining homeostasis in the lungs, however, only the
pulmonary artery circulation is restored at the time of lung transplantation and highly
oxygenated bronchial artery circulation is sacrificed'920. This directly damages the
microvasculature in lung grafts, results in proinflammatory and oxidative milieu, and leads
to the development of bronchiolitis obliterans syndrome (BOS) and CLAD?C. In a dog
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transplant model, Nowak and colleagues showed that bronchial artery revascularization
protects pulmonary endothelium and type I pneumocytes?L. We hypothesize that chronic
small airway ischemia resulting from thromboembolic occlusion of small pulmonary
arteries, which are the only source of airway blood supply after lung transplantation, may
explain our findings.

We also noted that donor smoking status (>20 pack-years) may be associated with a reduced
incidence of CLAD after lung transplantation. Conflicting data exist regarding whether
donor smoking is associated with the risk of CLAD. Hennessy and colleagues?2 reported
that donor tobacco use was an independent risk factor for CLAD, whereas Schultz and
colleagues?? reported that donor-smoking status was not associated with CLAD-free
survival. In our study, smoking history was obtained from chart review and verification is
not possible. Furthermore, our data set does not account for the dose of smoking exposure
and smoking other agents such as marijuana, potentially leading to miscategorization or
under-reporting of smoking status. Our data set also did not include fat emboli, which may
have an adverse impact on recipient outcomes as well. In addition, we have not recorded the
burden of PE, which may be associated with the incidence and severity of adverse outcomes.
Vedovati and colleagues?* assessed the burden of emboli by multidetector CT scan in
patients with acute PE and showed that central emboli are associated with increased risk for
all-cause death or clinical deterioration. In future studies we hope to examine the above
variables that were not available in our dataset at the time of this analysis.

In our program, heart and lung procurements are performed by a single, highly experienced
cardiothoracic surgeon (MKP); if this surgeon is unavailable, then the procurement is
performed by a senior level trainee. The findings presented here reflect the observations of
our senior procurement surgeon in a prospectively maintained database and represent a
standardized and meticulous approach to organ assessment and procurement. Donor level
findings for procurements performed by trainees only were not entered into this database,
which may limit the generalizability of our results. However, we also feel that this is
unlikely to limit the reproducibility of our findings if the presence or absence of a PE is
meticulously assessed, regardless of the procuring surgeon.

Since the analysis was performed, we have not seen a donor lung with a PE. However, we
have proposed the application of the results from this study at our institution in several ways.
Perhaps most notably, in very high-risk recipients we will be reluctant to use donor lungs
with significant PE discovered at the time of procurement. While we have not specified a
specific lung allocation score cutoff for which these lungs will be declined, we will assess
them carefully on a case by case basis and be hesitant to use these lungs in patients who are
on a ventilator or ECMO, as well as those for whom we anticipate a technically complex
transplant (i.e.: history of severe infections, chest surgery, pleurodesis, etc.). Conversely,
some factors will make us more likely to use lungs with PEs, such as recipient sensitization
and those with a short stature, rendering them unlikely to get another organ match.
Additionally, we plan to use the Sommer protocol® for meticulous removal of all thrombus
in the recipient operating room, followed by an antegrade flush with heparinized saline. The
availability of EVLP has also provided another therapeutic avenue, as was shown by
Keshavjee and colleagues®®.
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conclusion, lung transplants from donors with incidentally discovered PE were associated

with a higher incidence of ACR, as well as reduced CLAD-free survival. Additional research

is

needed to confirm these findings, define their mechanism, and guide the clinical decision

making of surgeons faced with this dilemma.

Supplement

ary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:
Macroscopic finding of pulmonary embolism that was washed out of the pulmonary artery

during retrograde flush.
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Kaplan-Meier analysis of chronic lung allograft dysfunction (CLAD)-free survival. The
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Kaplan-Meier analysis of overall survival (OS). There was no statistical difference in OS

rates between two groups (p=0.19).
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Table 1:
Baseline characteristics of donors and recipients
Variable PE- (N=479) PE+ (N=22) p
Donor

Age (years) 36.2+14.9 37.5%£15.5 0.69
Male 278 (58.0) 16 (72.7) 0.19
Cause of death 0.39

Cerebrovascular/ stroke 152 (31.7) 7(31.8)

Head trauma 196 (40.9) 12 (54.6)

Anoxia 109 (22.8) 2(9.1)

Others 22 (4.6) 1(4.6)
Smoking history * 57 (12.0) 2(9.1) 1
Best PaO2 (mmHg) 508.4+72.3 498.4+63.3 0.50

Recipient

Age (years) 53.9+14.3 54.0+£13.1 0.79
Male 276 (57.6) 15 (68.2) 0.38
Indication for transplant 0.42

Obstructive lung disease 97 (20.3) 4(18.2)

Pulmonary vascular disease 8 (1.7) 1(4.6)

Cystic fibrosis 80 (16.7) 2(9.1)

Restrictive lung disease 227 (47.4) 10 (45.5)

Others 67 (14.0) 5(22.7)
Lung allocation score 47.3+17.7 49.0+20.2 0.94
Preoperative Mechanical Ventilation 20 (4.2) 2(9.1) 0.25
Preoperative ECMO 10 (2.1) 0 (0) 1
Ischemic time (min) 221.1+63.8 216.6+66.9 0.62
CMV mismatch 207 (43.2) 14 (63.6) 0.08
mPA pressure (n available) (mmHg) (353) 28.4+10.0  (20)31.0+15.2 0.81
Intraoperative Cardiopulmonary bypass or ECMO 193 (40.3) 9 (40.9) 0.95
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Baseline characteristics of donors and recipients of lungs with and without incidentally discovered pulmonary embolism (PE). Values are presented
as n (%) or mean =+ standard error of the mean. PE+, lungs with incidentally discovered donor PE. PE-, lungs without incidentally discovered

donor PE.

*

Denotes donors with a smoking history = 20 pack years (missing data in 2 donors). The denominator for the percentages is the sum of patients
across all categories in the PE+ or PE- group, respectively, excluding missing values. PE, pulmonary embolism; ECMO, Extracorporeal Membrane
Oxygenation; CMV, cytomegalovirus; mPA, mean pulmonary artery.

Ann Thorac Surg. Author manuscript; available in PMC 2022 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Terada et al.

Table 2:
Clinical outcomes in recipients
Variable PE- (N=479) PE+(N=22) p
Double lung transplant 468 (97.7) 21(95.5) 0.42
Complication
Pulmonary embolism 7(1.5) 0(0) 1
Pulmonary ventilation 2 48h 130 (27.1) 5(22.7) 0.65
Atrial arrhythmia 177 (37.0) 10 (45.5) 0.42
Ventricular arrhythmia 8(1.7) 0(0) 1
Myocardial infarction 2(0.4) 0(0) 1
Deep vein thrombosis 48 (10.0) 1(4.5) 0.71
Neurological complication 5(1.0) 0(0) 1
Renal failure 5(1.0) 2(9.1) 0.03
ACR 120 (25.1) 10 (45.5) 0.03
PGD grade 22 231 (48.2) 7(31.8) 0.13
Length of hospital stay (days) 23.8+21.8 25.7+26.2 0.97
30-day/hospital mortality 14 (2.9) 1(4.6) 0.50
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Clinical outcomes in recipients receiving lungs with and without incidentally discovered pulmonary embolism (PE). Values are presented as n (%)
or mean + standard error of the mean. P values < 0.05 are denoted in bold. The denominator for the percentages is the sum of patients across all

categories in the PE+ or PE- group, respectively, excluding missing values. ACR, Acute cellular rejection; PE, pulmonary embolism; PGD,

primary graft dysfunction.
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Univariable and multivariable Cox regression analyses for risk factors for CLAD

Table 3:

Variable Univariable Multivariable
HR 95%CI p HR 95%CI p

PE 2.06 1.29-3.29 0.003 2.02 1.23-3.30 0.005
Donor age 1.00 0.99-1.01 0.84 1.005 0.99-1.02 0.38
Donor male 1.24 0.96-1.60 010 124 0.93-1.65 0.15
Donor cause of death 1.00 0.77-1.30  >0.99 095  0.69-1.33 0.78
Donor smoking history ~ 0.60 0.38-0.93 0.02 061 0.39-0.97 0.03
Donor best PaO2 1.001 0.999-1.003 0.27 1.002 1.000-1.003 0.09
Lung allocation score 1.004 0.997-1.010 0.27 1.002 0.99-1.01 0.66
Recipient age 0.99 0.98-1.00 0.07 0.995 0.99-1.004 0.24
Recipient male 1.05 0.81-1.36 069 1.04 0.78-1.38 0.79
Ischemic time 1.001 0.999-1.002 054 1.000 0.998-1.002 0.76
CMV mismatch 1.21 0.94-1.55 0.13 1.08 0.83-1.40 0.57
PGD grade 22 1.24 0.97-1.59 0.09 130 0.99-1.70 0.06
ACR 1.16 0.89-1.52 0.27 1.03 0.78-1.35 0.86
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Univariable and multivariable Cox regression model examining association between donor and recipient characteristics and chronic lung allograft

dysfunction (CLAD). P values < 0.05 are denoted in bold. ACR, Acute cellular rejection; HR, hazard ration; Cl, confidence interval; PE,

pulmonary embolism; CMV, cytomegalovirus; PGD, primary graft dysfunction.
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