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Abstract
Background Safety data on perioperative outcomes of laparoscopic antireflux surgery (LARS) after lung transplantation 
(LT) are lacking. We compared the 30-day readmission rate and short-term morbidity after LARS between LT recipients 
and matched nontransplant (NT) controls.
Methods Adult patients who underwent LARS between January 1, 2015, and October 31, 2021, were included. The par-
ticipants were divided into two groups: LT recipients and NT controls. First, we compared 30-day readmission rates after 
LARS between the LT and NT cohorts. Next, we compared 30-day morbidity after LARS between the LT cohort and a 1-to-2 
propensity score-matched NT cohort.
Results A total of 1328 patients (55 LT recipients and 1273 NT controls) were included. The post-LARS 30-day readmis-
sion rate was higher in LT recipients than in the overall NT controls (14.5% vs. 2.8%, p < 0.001). Compared to matched NT 
controls, LT recipients had a lower prevalence of paraesophageal hernia, a smaller median hernia size, and higher peristaltic 
vigor. Also compared to the matched NT controls, the LT recipients had a lower median operative time but a longer median 
length of hospital stay. The proportion of patients with a post-LARS event within 30 postoperative days was comparable 
between the LT and matched NT cohorts (21.8% vs 14.5%, p = 0.24).
Conclusions Despite a higher perceived risk of comorbidity burden, LT recipients and matched NT controls had similar 
rates of post-LARS 30-day morbidity at our large-volume center with expertise in transplant and foregut surgery. LARS 
after LT is safe.
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Lung transplantation (LT) improves quality of life and lon-
gevity in patients with end-stage lung disease; however, 
post-LT long-term survival and mortality are largely driven 
by chronic lung allograft dysfunction (CLAD) [1]. CLAD is 
associated with gastroesophageal reflux disease (GERD), a 
modifiable risk factor that is prevalent after LT [2]. GERD 
causes CLAD through aspiration of gastric contents and lung 
parenchymal injury. Immunologic biomarkers in bronchoal-
veolar lavage fluid and serum are associated with GERD and 
CLAD [3]. Medical management of GERD with antisecre-
tory medications alkalinizes the refluxate, but does not mini-
mize volume reflux of nonacid contents; in contrast, antire-
flux surgery creates a physical barrier at the esophagogastric 
junction, preventing all reflux. This potentially modulates 
the pulmonary inflammatory milieu in LT recipients [4] and 
stabilizes long-term allograft function [5, 6].

Based on several prospective, randomized multicenter tri-
als with short- and long-term outcomes in the nontransplant 
population, laparoscopic antireflux surgery (LARS) is con-
sidered superior to medical management for symptomatic 
relief, quality of life improvement, and objective control 
of reflux. LARS is associated with minimal perioperative 
morbidity and short hospital stays [7–17]. Our group has 
demonstrated that CLAD-free survival in LT recipients who 
underwent LARS was superior to that of medically managed 
LT recipients with a DeMeester score ≥ 30 (results presented 
at the Western Thoracic Surgical Association annual meet-
ing, 2021). However, despite documented benefits of LARS, 
there is reluctance within the transplant community to offer 
LARS to this medically complex group of patients, likely 
stemming from the perception of increased post-LARS 
morbidity in LT recipients due to their comorbidities and 
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immunosuppressed state. Although the benefits of LARS on 
allograft function outcomes in LT recipients have been well 
described, safety and operative morbidity data are sparse and 
come from small series without comparative data from non-
transplant controls. Assurance of the safety and feasibility of 
LARS in LT recipients may remove referral and consultation 
barriers and potentially improve long-term survival of LT 
recipients with GERD.

We studied the 30-day readmission rate after LARS in LT 
recipients and nontransplant (NT) controls, compared the 
operative outcomes and short-term morbidity after LARS in 
LT recipients and matched NT controls, and assessed objec-
tive control of GERD in LT recipients after LARS.

Patients and methods

Institutional Review Board approval with waiver of patient 
consent for this retrospective study was obtained at Nor-
ton Thoracic Institute, St. Joseph’s Hospital and Medi-
cal Center, Phoenix, Arizona (PHXU-21-500-137-73-18; 
March 31, 2021). All adult patients (age ≥ 18 years) who 
underwent laparoscopic or robotic antireflux surgery at our 
center between January 1, 2015, and October 31, 2021, were 
included. Demographic characteristics, pre-LARS medi-
cal comorbidities, operative details, and morbidity within 
30 days after surgery were obtained from data gathered for 
the Society of Thoracic Surgeons database.

First, the included subjects were divided into 2 groups: 
LT recipients and NT controls; the primary outcome was 
the 30-day readmission rate after LARS. Then, a 1-to-2 pro-
pensity score-matched control group was established and 
balanced with patients in the LT cohort based on 8 baseline 
characteristics: (1) age, (2) pre-LARS body mass index, and 
pre-LARS medical comorbidities including (3) hyperten-
sion, (4) coronary artery disease, (5) pulmonary hyperten-
sion, (6) major vascular disease, (7) history of smoking, and 
(8) diabetes mellitus. Subjects in the LT and matched NT 
cohorts were then compared for differences in symptoms, 
objective reflux characteristics, and LARS perioperative 
outcomes; the secondary outcome was 30-day morbidity 
after LARS. Post-LARS morbidity was defined as an event 
that deviated from an uneventful postoperative course until 
discharge or 30 days after surgery, whichever was longer. 
Finally, for patients in the LT cohort, medical records were 
accessed to obtain and compare the results of pre- and post-
LARS high-resolution manometry and 24- or 48-h reflux 
testing (when available).

Institutional practice for the management of GERD

At our institution, surgical management of GERD is con-
sidered after a review of symptoms and esophageal function 

testing with esophagogastroduodenoscopy, high-resolution 
manometry, and 24- or 48-h reflux testing (as indicated), 
as well as barium esophagography and gastric scintigraphy 
(selectively). Esophageal function testing is routinely per-
formed before and within 6 months of LT.

Patients are referred by pulmonary transplant providers to 
Thoracic Surgery for LARS evaluation. Our group has previ-
ously reported that additional case-by-case considerations 
in LT recipients include medical fitness, prior abdominal 
surgery, body mass index, and change in foregut function 
after LT [2]. Medically stable and surgically suitable LT 
recipients with significant volume reflux, paraesophageal 
hernia, and sufficient esophageal motility are offered LARS.

The surgical technique involves full dissection and mobi-
lization of the esophageal hiatus, reduction of any hernia, 
crural repair with interrupted nonabsorbable sutures, and 
a posterior 270° Toupet fundoplication. When appropriate, 
the preference of the surgical team is use of bioabsorbable 
Bio-A synthetic mesh (W. L. Gore & Associates, Flagstaff, 
Arizona) for cruroplasty reinforcement. Patients are given a 
liquid diet for a week and slowly transitioned to a solid diet. 
Acid suppression medications are discontinued after LARS 
unless indicated for ulcer prophylaxis.

Esophageal function testing

High-resolution manometry is performed with a 36-channel 
catheter (Given Imaging Ltd., Los Angeles, California) and 
interpreted with the ManoView ESO software version 3.3 
(Given Imaging Ltd.) using the Chicago classification of 
esophageal motility disorders version 3.0 diagnostic criteria 
[18]. Ambulatory esophageal pH monitoring is performed 
using a dual (proximal and distal esophagus) catheter-based 
system for 24 h (Sandhill Scientific Inc, Highlands Ranch, 
Colorado) or a wireless probe for 48 h (Bravo capsule; 
Medtronic, Minneapolis, Minnesota), and interpreted using 
the Reflux Reader software version 6.1 (Medtronic). All pH 
testing is performed off acid suppression therapy (10 days for 
PPI and 3 days for H2 receptor blockers). Patient-reported 
heartburn, regurgitation, difficulty swallowing, chest pain, 
and abdominal bloating are recorded on a questionnaire as 0 
(none), 1 (mild), 2 (moderate), 3 (severe), or 4 (very severe) 
at the time of esophageal function testing; for this study, 
symptoms were defined as absent (0) or present (1–4).

Statistical analysis

Analyses were performed using IBM SPSS Statistics for 
Windows, version 23.0. Armonk, NY: IBM Corp. released 
2015, with “psmatching3.03” extension bundle and R pack-
age 3.1.0 (R Foundation for Statistical Computing, Vienna, 
Austria). Propensity-score matching was performed using a 
logistic regression model with the nearest-neighbor method 
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without replacement. The selection of 1-to-2 matched con-
trol patients was processed through maximized execution 
performance without caliper, based on age, pre-LARS 
body mass index, and pre-LARS medical comorbidities 
with a match tolerance of 2, 2, and 0, respectively. In select 
instances where no successful matches were obtained, medi-
cal comorbidities were sequentially removed from the match 
criteria. Covariate balance among the matched groups was 
assessed based on the standardized mean difference in each 
baseline characteristic. Small, medium, and large effect sizes 
were defined based on an absolute standardized difference 
(Cohen’s d) values of < 0.3, 0.4–0.6, and 0.7–1.2, respec-
tively [19].

Data were expressed as count (percentage) or median 
(interquartile range). χ2 or Fischer’s exact tests were used 
to compare categorical variables, and nonparametric 
Kruskal–Wallis and Wilcoxon signed-rank sum tests were 
used to compare continuous variables in independent and 
paired samples, respectively. The Nelson–Aalen cumula-
tive hazard function and Cox proportional hazard analysis 
were used to compare 30-day readmission rates between the 
groups. Statistical significance was set at p < 0.05.

Results

A total of 1328 patients who underwent LARS at our center 
during the study period were included: 55 LT recipients and 
1273 NT controls.

Baseline characteristics of the LT recipients

The median (IQR) age, body mass index, and lung alloca-
tion score at the time of LT were 62.4 (55.7, 69.4) years, 
24.2 (20.9, 28.5) kg/m2, and 38.15 (34.97, 43.41), respec-
tively. The underlying end-stage lung conditions included 
obstructive lung disease (38%, n = 21), restrictive lung dis-
ease (49%, n = 27), cystic fibrosis (5%, n = 3), pulmonary 
vascular disease (2%, n = 1), COVID-19 induced adult res-
piratory distress syndrome (2%, n = 1), and redo-transplant 
(4%, n = 2). The median interval between LT and LARS 
was 8.2 (5.4, 14.5) months.

Post‑LARS 30‑day readmissions of LT and overall NT 
cohorts

The post-LARS 30-day readmission rate was higher in the 
LT cohort than in the overall NT cohort (14.5% [8/55] vs 
2.8% [36/1273], p < 0.001; hazard ratio [95% CI] 5.466 
[2.540–11.760], p < 0.001; Fig. 1). The indications for 
readmission in the two groups are shown in Table  1. 
Notably, 3 of the 8 readmissions in the LT cohort were 
for planned interventions (plasmapheresis for antibody-
mediated rejection) rather than surgery-related complica-
tions. Even after excluding planned readmissions of the LT 
recipients, the post-LARS 30-day readmission rate of the 
LT cohort was higher than that of the overall NT cohort 
(9.1% [5/55] vs 2.8% [36/1273], p = 0.009).

Fig. 1  Nelson-Aalen cumulative 
hazard assessment for 30-day 
readmission after laparoscopic 
antireflux surgery in the lung 
transplant cohort and the 
overall, nontransplant cohort. 
LARS laparoscopic antireflux 
surgery, LT lung transplant, NT 
nontransplant
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Post‑LARS 30‑day readmissions of LT and matched 
NT cohorts

A propensity-matched NT control cohort was balanced with 
patients in the LT cohort on matched characteristics, i.e., 
age, pre-LARS body mass index, hypertension, coronary 
artery disease, pulmonary hypertension, major vascular 
disease, history of smoking, and diabetes mellitus with a 
small effect size. However, unmatched characteristics, i.e., 
male sex and pre-LARS serum creatinine level, were signifi-
cantly higher in the LT cohort than in the matched NT cohort 
(Table 2). The post-LARS 30-day readmission rate of the LT 
cohort was significantly higher than that of the matched NT 
cohort (14.5% [8/55] vs 3.6% [4/110], p = 0.01). However, 
after excluding planned readmissions of the LT recipients, 
the post-LARS 30-day readmission rate of the LT cohort 
and the matched NT cohort was comparable (9.1% [5/55] 
vs 3.6% [4/110], p = 0.16).

Pre‑LARS esophageal function of LT and matched NT 
cohorts

Patients in the LT cohort had a lower prevalence of mano-
metric paraesophageal hernia (45.5% vs 70%, p = 0.002), a 
smaller median hernia size (3.6 cm vs 4.5 cm, p = 0.04), and 
higher esophageal body peristaltic vigor (1695 mmHg-cm-s 
vs 1124 mmHg-cm-s, p = 0.05) than those in the matched 
NT cohort; however, the esophageal body motility diagno-
ses and severity of reflux were comparable between the two 
cohorts. Patients in the matched NT cohort were more symp-
tomatic of heartburn (p < 0.001), dysphagia (p < 0.001), 

regurgitation (p < 0.001), chest pain (p = 0.02), and abdomi-
nal bloating (p = 0.03) than those in the LT cohort.

LARS operative outcomes in LT and matched NT 
cohorts

The use of mesh was comparable between the two cohorts. 
Compared to the matched NT controls, LT recipients had a 
significantly lower median operative time for LARS (86 min 
vs 103 min, p = 0.002) but a significantly longer median 
length of hospital stay for LARS (2 days vs 1 day, p = 0.003; 
Table 3).

Post‑LARS 30‑day morbidity in LT and matched NT 
cohorts

The proportion of patients with post-LARS events before dis-
charge or within 30 postoperative days (whichever was longer) 
was comparable between the LT and matched NT cohorts 
(21.8% vs 14.5%, p = 0.24; Table 3). Most complications in 
both cohorts were Clavien–Dindo grade I or II (Table 3). Of 
note, 1 patient in the LT cohort and 2 patients in the matched 
NT cohort had a life-threatening complication with need for 
ICU management (Clavien–Dindo grade IVa). One LT recipi-
ent for cystic fibrosis, status post pleurodesis for chylothorax, 
had an intra-abdominal hematoma after LARS and received 
3 units of packed red blood cells in the ICU followed by an 
uneventful recovery. The intraoperative course of one patient 
in the NT cohort was complicated by acute hypotension, 
quickly progressing to ST segment elevation and cardiac arrest 
(known pre-LARS hypertension, negative cardiac stress test, 

Table 1  30-day readmission 
diagnoses after laparoscopic 
antireflux surgery in lung 
transplant recipients and 
nontransplant patients

Data are expressed as counts unless otherwise specified
DSA donor-specific antibodies, PEG percutaneous endoscopic gastrostomy

Lung transplant 
cohort n = 55

Overall non-
transplant cohort 
n = 1273

Total readmissions, no (%) 8 (14.5) 36 (2.8)
Drop in pulmonary function (elevated DSA and planned plasma-

pheresis)
3 0

Intractable nausea and vomiting 2 10
Sepsis 1 2
New onset cerebrovascular event 1 2
Deep venous thrombosis 1 1
New onset difficulty swallowing 0 4
Partial small bowel obstruction 0 4
Ileus 0 4
Urinary tract infection 0 3
Abdominal pain (blocked PEG tube in one case) 0 2
Chest pain 0 2
Peri-mesh fluid collection 0 1
Planned neurological intervention for cervical radiculopathy 0 1
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and American Society of Anesthesiologists grade III). She was 
appropriately resuscitated and postoperative cardiac catheteri-
zation showed Takotsubo cardiomyopathy with ejection frac-
tion of 30%. The patient was discharged on postoperative day 
8 after stabilization. A second patient in the NT cohort had 
postoperative acute pre-renal kidney injury and was monitored 
in the ICU. Renal insufficiency resolved prior to discharge. No 
30-day mortality was observed in either group.

Efficacy of LARS in objective control of reflux in LT 
cohort

Pre- and post-LARS reflux testing was ordered based on 
surgeon preference and was available for 13 patients in the 
LT cohort at a median (IQR) of 133 (63.5, 195.5) days post-
LARS. Abnormal distal esophageal acid exposure resolved in 
all patients. After LARS, the median DeMeester score (39.5 
vs 2.1, p = 0.001) and median total distal acid exposure time 
to pH < 4 (9.7% vs 0.2%, p = 0.002) significantly decreased 
(Table 4).

Discussion

GERD after LT adversely affects allograft and patient sur-
vival. Compared to medical management of GERD, LARS 
offers greater improvement in quality of life with less 
perioperative morbidity in nontransplant patients [7, 9, 
10]. However, LARS is reluctantly offered to LT recipients 
with GERD because of limited evidence of safety in this 
population. LT recipients have unique pathophysiological 
characteristics of GERD, often with minimal or atypical 
symptoms, and are prone to silent tracheal aspiration [20]. 
Potential mechanical or hypothermia-induced trauma to 
the vagus nerve during the transplant surgery may result 
in posttransplant gastroparesis, loss of airway protec-
tive reflexes, and impaired mucociliary clearance in the 
implanted lungs. Additionally, LARS in LT recipients may 
be technically complex because of friable diaphragmatic 
tissue quality secondary to steroid use and challenging dis-
section of the esophagus within the posterior mediastinum 

Table 2  Baseline characteristics of lung transplant recipients and a 1-to-2 propensity score-matched nontransplant cohort

Data are expressed as count (percentage) unless otherwise specified
*Statistically significant (p < 0.05)
a Cohen’s d < 0.3 for small effect size, Cohen’s d 0.4–0.6 for medium effect size, Cohen’s d 0.7–1.2 for large effect size
b χ2 analysis or Fischer’s exact test for count variables, and nonparametric Kruskal–Wallis test for continuous variables; the unknown category, if 
present, was excluded from the testing procedure

Variable Lung transplant cohort 
n = 55

Matched nontransplant 
cohort n = 110

Standardized mean 
 differencea

p  valueb

Matched characteristics
 Age, years, median (IQR) 62 (56, 70) 64 (55, 70) − 0.065 0.69
 Body mass index, kg/m2, median (IQR) 24.8 (21.3, 27.9) 26.3 (22.9, 29) − 0.139 0.40
 Hypertension 37 (67.3) 64 (58.2) 0.176 0.26
 Coronary artery disease 10 (18.2) 17 (15.5) 0.069 0.65
 Pulmonary hypertension 5 (9.1) 10 (9.1) 0.0016  > 0.99
 Major vascular disease 2 (3.6) 4 (3.6) 0.0016  > 0.99
 Smoking 38 (69.1) 67 (60.9) 0.1609 0.30
 Diabetes mellitus 29 (52.7) 42 (38.2) 0.279 0.08

Cardiovascular history 0.346 0.09
  None 51 (92.7) 102 (92.7)
  Known disease, no events 2 (3.6) 0 (0)
  Known disease, reversible/irreversible event 2 (3.6) 8 (7.3)

Unmatched characteristics
 Sex, male 34 (61.8) 44 (40) 0.421 0.008*
 Serum creatinine, median (IQR) 1.2 (0.9, 1.5) 1.1 (0.9, 1.3) 0.361 0.03*
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secondary to pleural adhesions from transplant surgery 
[21].

In the present study (the largest to date), we report that 
the 30-day readmission rate after LARS was higher in the LT 
cohort than in the NT cohort; however, 38% of readmissions 
in the LT cohort were planned for medical issues not related 
to LARS. The second most common indication of readmis-
sion of LT recipients was intractable nausea, which was also 
the most common cause of readmission of NT controls. Sim-
ilarly, others have reported post-LARS intractable nausea or 
bloating requiring readmission (up to 22%), recurrence of 
GERD symptoms (up to 11%), and significant weight loss 
in LT recipients [5, 6, 22, 23]. However, nausea or rectal 
flatulence, inability to belch or vomit, and dysphagia are 
well-described sequelae of LARS in the nontransplant popu-
lation [9, 17]. Therefore, the perceived surgical risk from the 
comorbidity burden may not have posed an additional threat 
in the LT cohort of the current study. Additionally, although 
post-LARS weight loss may be desired and advantageous in 
the general population with GERD, it can be mitigated with 

Table 3  30-day operative outcomes after laparoscopic antireflux surgery of lung transplant recipients and a 1-to-2 propensity score-matched 
nontransplant cohort

Data are expressed as count (percentage) unless otherwise specified
LARS laparoscopic antireflux surgery, PEH paraesophageal hernia, CCv3 Chicago classification version 3, EGJ esophagogastric junction, AET 
acid exposure time, pRBC packed red blood cell, ICU intensive care unit
*Statistically significant (p < 0.05)
a χ2 analysis or Fischer’s exact test for count variables and nonparametric Kruskal–Wallis test for continuous variables; the unknown category, if 
present, was excluded from the testing procedure

Variable Lung transplant cohort n = 55 Matched nontransplant cohort 
n = 110

p  valuea

Paraesophageal hernia, yes 25 (45.5) 77 (70) 0.002*
Size of hernia, cm, median (IQR) 3.6 (2.6, 4.3) 4.5 (3.4, 5.4) 0.04*
Distal contractile integral, mmHg-cm-sec, median (IQR) 1694.5 (722.5, 3225.6) 1123.6 (612.9, 1995.2) 0.047*
Esophageal body motility diagnosis as per CCv3 0.44
Outcomes of LARS
 Use of mesh 15 (27.3) 51 (46.4) 0.57
 Operative time, minutes, median (IQR) 86 (75, 106) 103 (84, 133) 0.002*
 Hospital length of stay, days, median (IQR) 2 (1, 3) 1 (1, 2) 0.003*

Post-LARS event, yes 12 (21.8) 16 (14.5) 0.24
 Invasive procedure 0 (0) 2 (1.8) 0.31
 Pneumonia 0 (0) 1 (0.9) 0.48
 Pleural effusion requiring drainage 0 (0) 1 (0.9) 0.48
 Pneumothorax requiring chest tube reinsertion 1 (1.8) 0 (0) 0.16
 Ileus > 3 days 0 (0) 1 (0.9) 0.48
 Dilation of esophagus 4 (7.3) 3 (2.7) 0.17
 Need for pRBC transfusion 1 (1.8) 0 (0) 0.16
 Units of pRBC transfused 0.75 (0, 0) 0 (0, 0) 0.32
 Urinary tract infection 1 (1.8) 1 (0.9) 0.62
 Urine retention 8 (14.5) 10 (9.1) 0.29
 Unexpected ICU visit 1 (1.8) 2 (1.8)  > 0.99
 New cerebrovascular event 1 (1.8) 0 (0) 0.16

Table 4  Reflux testing before and after laparoscopic antireflux sur-
gery in lung transplant recipients

Data are expressed as median (interquartile range)
LARS laparoscopic antireflux surgery, AET acid exposure time
*Statistically significant (p < 0.05)
a Nonparametric Wilcoxon signed-rank sum test for paired samples

Pre-LARS n = 13 Post-LARS n = 13 p  valuea

Proximal reflux 
episode

9 (0.5, 22) 4 (1.5, 6) 0.06

%AET pH < 4, total 9.7 (7.7, 13.8) 0.2 (0.05, 1.1) 0.002*
%AET pH < 4, 

upright
10 (3.7, 13.5) 0.3 (0, 1.9) 0.003*

%AET pH < 4, 
supine

12.6 (5.8, 19) 0 (0, 0) 0.002*

DeMeester score 39.5 (30.6, 52.2) 2.1 (1.1, 4.1) 0.001*



 Surgical Endoscopy

1 3

a high-calorie diet or elective gastrostomy in LT recipients 
[5].

The post-LARS median length of hospital stay was longer 
for LT recipients than for matched NT controls. This can be 
at least partly attributed to the need to optimize multi-drug 
immunosuppressive regimens. Despite longer post-LARS 
hospital stays, the operative complication rate of LARS in 
the LT recipients was comparable to that in the matched NT 
controls in our study. Several other studies have reported 
comparative LARS safety data in LT and NT populations [6, 
20, 21, 24]. O’Halloran et al. [24] compared the outcomes 
of laparoscopic Nissen fundoplication in 28 LT recipients 
and 63 NT reflux patients and reported significantly longer 
postoperative hospital stays (2.89 vs 0.71 days) and a higher 
30-day readmission rate (25% vs 3.2%) in the LT cohort. 
Similarly, Lau et al. [6] reported that the number of hospital 
days after LARS was significantly higher (3.8 ± 4.0 days ver-
sus 1 day, p = 0.009) in the LT recipients (n = 18) than in the 
NT GERD patients (n = not available). Fisichella et al. [20] 
compared post-LARS outcomes in 29 LT recipients and 23 
consecutive nontransplant GERD patients and demonstrated 
comparable operative time (180 min vs 143 min, p = 0.09), 
blood loss (20 cc vs 15 cc, p = 0.18), and length of stay (1 
[1, 2] day vs 1 [1, 2] day, p = 0.75) between the two groups. 
Although a shorter LARS operative time in LT recipients in 
our study could be attributed to smaller hiatal hernias, the 
subjective technical complexity or lack of additional techni-
cal difficulty of LARS in LT recipients could be due to sur-
geon experience and foregut expertise at our LT center. Sim-
ilar to our experience, Davis et al. [21] also did not find any 
difference in estimated blood loss, duration of surgery, or 
length of stay between 25 LT recipients and 23 NT controls. 
An additional handful of small, non-comparative studies of 
safety outcomes of LARS in LT recipients have reported 
satisfactory resolution of reflux symptoms after LARS [5, 
22, 23, 25]. We have also demonstrated excellent control of 
GERD after LARS in LT recipients with objective measures 
such as a pH study. Notably, early death after LARS (postop-
erative day 17) and a few late deaths (3 months after LARS) 
have also been reported, with causes of death reported as 
unlikely related to LARS [24, 25].

Our study has limitations in addition to its single-center 
retrospective design. First, the LT patients selected for 
LARS were likely to be medically healthier than LT recipi-
ents who were not offered LARS, potentially limiting the 
generalization of our study results to all LT recipients with 
GERD. Second, we reported only the short-term, 30-day 
outcomes of LARS, but it is unlikely that perioperative sur-
gical issues will affect long-term outcomes. Finally, defini-
tive reflux control after LARS has been documented only 
in the short term. Nonetheless, our study shows that appro-
priately selected LT recipients are not more vulnerable to 
post-LARS adverse events than matched NT controls. We 

advocate that LARS should be offered to LT patients with 
pathological GERD, which will hopefully improve allograft 
and overall survival.

Despite a higher perceived risk of comorbidity burden, 
LT recipients and matched NT controls had similar rates 
of post-LARS 30-day morbidity at our large-volume center 
with expertise in transplant and foregut management. LARS 
after LT is safe and results in effective reflux control.
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