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Abstract

Background—~Patients with scleroderma and end-stage lung disease have a very high prevalence
of gastroesophageal reflux disease (GERD). Because GERD has been associated with aspiration in
those with end-stage lung disease, and because those with scleroderma are particularly prone to
develop severe GERD, there is some concern that GERD may contribute to shorten survival in
patients with scleroderma awaiting lung transplantation. Therefore, we hypothesized that
esophageal pH-monitoring could predict survival of those with scleroderma and end-stage lung
disease awaiting lung transplantation and that the severity of reflux can impact survival.

Methods—We conducted a retrospective analysis of all scleroderma patients referred for lung
transplantation that underwent esophageal manometry and pH-monitoring since August, 2008. We
identified 10 patients in whom we calculated and compared the area under the curve (AUC) for
each receiver-operator characteristic (ROC) curve of the following variables: DeMeester score,
FEV1, %predicted FEV1, FVC, %predicted FVC, DLq, and %predicted DL .

Results—The DeMeester score nominally outperformed FEV4, FVC, and DL,. ROC curve
analysis was also used to define the optimal DeMeester score (65.2) in differentiating survival
status, as determined by maximizing sensitivity and specificity. Based on this value, we calculated
the 1-year survival from the time of the esophageal function testing which was 100% in 7 patients
with a DeMeester score of less than 65.2, and 33% in 3 patients with a score greater than 65.2
(p=0.01). The latter patients had greater total time pH <4, greater time pH <4 in the supine
position, greater total episodes of reflux, and higher prevalence of absent peristalsis. The single
survivor with a DeMeester score greater than 70 had also proximal reflux, underwent anti-reflux
surgery, and is alive 1201 days post-transplant.

Conclusions—Our study shows that esophageal pH-monitoring can predict survival status in
patients with scleroderma awaiting lung transplantation and that the severity of reflux can impact
the 1-year survival rate. Therefore, esophageal pH-monitoring should be considered early in
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patients with scleroderma and end-stage lung disease, as this test could appropriately identify
those in whom laparoscopic antireflux surgery should be performed quicker to prevent GERD and
its detrimental effects in patients awaiting lung transplantation.
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Introduction

Although small series have shown that the morbidity and mortality after lung transplantation
for patients with scleroderma are equivalent to other lung transplant patients, there is still the
fear that patients with scleroderma may fare worse after lung transplantation. (1,2) In fact,
some lung transplant centers like ours have been reluctant in offering lung transplant to
those with scleroderma and end-stage lung disease given their potential to aspiration and
lung allograft compromise. This argument relies on two observations: 1) that patients with
scleroderma and end-stage lung disease have a very high prevalence of gastroesophageal
reflux disease (GERD) and esophageal dysmotility, and 2) that GERD has been associated
with aspiration in those with end-stage lung disease. Indeed, patients with scleroderma and
end-stage lung disease have a very high prevalence of GERD and esophageal dysmotility
and studies such as that from University of California San Francisco on 26 patients with
connective tissue disorders referred for lung transplantation have shown that the prevalence
of GERD on pH-monitoring could be as high as 83% and that of impaired or absent
peristalsis could be as high as 78%. (3) Similarly, studies from our center have shown that
aspiration, as measured by the detection of pepsin in the bronchoalveolar fluid, leads to a
quicker progression to lung transplant deterioration by promoting an augmented chemotactic
and inflammatory balance of pulmonary leukocytes and immune mediators. (4, 5)

Therefore, because GERD has been associated with aspiration in those with end-stage lung
disease, and because those with scleroderma are particularly prone to develop severe GERD,
there is some concern that GERD may shorten survival in patients with scleroderma
awaiting lung transplantation. The aim of this study was to determine if the severity of
GERD could represent an effective means to predict survival in this patient population.
Therefore, we hypothesized that esophageal pH-monitoring could predict survival of those
with scleroderma and end-stage lung disease awaiting lung transplantation and that the
severity of reflux can impact survival. The clinical implications of this study are important
because our results could provide the rationale to recommend early esophageal manometry
and pH-monitoring to better identify those with early stages of esophageal compromise and
with milder GERD in whom laparoscopic antireflux surgery should be performed early to
achieve the best chances to prevent GERD and its detrimental effects in patients awaiting
lung transplantation.
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Materials and Methods

Patients

We conducted a retrospective analysis of all scleroderma patients referred for lung
transplantation that underwent esophageal manometry, pH-monitoring and pulmonary
function tests since August 2008 and identified 10 patients for our analysis. During the study
period, pulmonologists referred for esophageal testing only patients who complained of
severe and daily heartburn and regurgitation. Institutional review board approval was
requested and obtained prior to conducting this study (LU 205827)

Assessment of GERD and esophageal function

In our cohort, GERD was diagnosed by performing pH-monitoring using a previously
described technique (6). Briefly, proton pump inhibitors were stopped for 14 days and
histamine Hy-receptor antagonists were stopped for 3 days before pH-monitoring. A pH
catheter (Sleuth system with BioVIEW software; Sandhill Scientific Inc., Denver, CO) was
placed with the distal pH sensor positioned 5 cm superior to the manometrically-determined
upper border of the LES. The DeMeester score was calculated for the distal pH recordings,
and a score >14.7 was considered diagnostic of GERD (7).

Esophageal function was determined by high-resolution manometry using a 32-channel solid
state catheter (insight HRIM system with BioVIEW software; Sandhill Scientific Inc.,
Denver, CO). Specifically, the system assisted in locating the distance of the LES from the
nostril and determined its pressure, length, and relaxation (normal LES pressure: 10-45
mmHg; relaxation was determined by a drop of the resting pressure to a residual pressure <8
mmHg). The esophageal body function was assessed after the patients performed 10 serial
swallows in the supine position with 5 mL of normal saline. The amplitude, duration, and
velocity of the peristaltic waves were simultaneously recorded. Peristaltic wave amplitude
was then calculated for the distal esophagus (distal esophageal amplitude, or DEA) based on
data recorded from pressure sensors located 5 and 10 cm above the LES. Esophageal
motility was considered ineffective if peristaltic waves were present in <30% of the
swallows with DEA <30 mmHg.

Assessment of pulmonary function

Each patient underwent resting measurements of forced vital capacity (FVC), forced
expiratory volume in one seconds (FEV-1), and diffusion capacity for carbon monoxide
(DLco) using standard equipment and methodology meeting American Thoracic Society
Standards (8,9)

Statistical Analysis

Sensitivity was defined as the number of diseased subjects with a positive test divided by
total number of diseased subjects. Specificity was defined as the number of disease-free
subjects with a negative test divided by the total number of disease-free subjects. Using
sensitivity plotted against 1-specificity, receiver-operator characteristic (ROC) curves were
constructed for the following variables: DeMeester score, FEVq, %predicted FEVq, FVC,
%predicted FVC, DL, and %predicted DL,. Subsequently, area under the curve (AUC)
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was calculated for each ROC curve, and AUCs for different tests were compared using the
method described by Hanley and McNeil (10). Nonparametric statistical methods were
utilized. The ¥ test for association was used for differences in groups on categorical
variables and the Mann-Whitney U test was used for continuous variables. Results were
reported as percentages for categorical variables and as average with standard deviation for
continuous variables. Statistical analyses were conducted using SAS version 9.3 (SAS
Institute, Cary, NC). Significance for all tests was set at p < 0.05.

Since August 2008 only 10 of 32 patients with scleroderma evaluated for lung transplant
were referred for esophageal function tests (31%). The study cohort therefore consisted of
10 patients with an average age of 51.3 years, an average body mass index (BMI, kg/m?) of
23.3, and was made of 10% males (Table 1). Mean survival after the esophageal function
testing was 1053 + 786 days. One patient underwent lung transplantation exactly one year
after her esophageal function testing. She had a DeMeester score of 243.6, the highest score
in the cohort, and she had daily symptoms of GERD and aspiration preoperatively. She died
14 days post-lung transplantation for acute on chronic upper gastrointestinal bleeding
coupled with platelet dysfunction after developing chronic esophagitis and a distal
esophageal erosion with an ulcer from her severe GERD.

The AUC with 95% confidence interval (CI) for DeMeester score, FEV 1, %predicted FEV,
FVC, %predicted FVC, DL, and %predicted DL, are shown in Table 2. The DeMeester
score had the highest AUC of any metric (0.76). However, 2 tests comparing each metric to
DeMeester score did not reveal any statistically significant differences, although the ability
to detect differences was limited given the sample size of 10 patients.

Figure 1 shows ROC curves for DeMeester score, FEV1, %predicted FEVq, FVC,
%predicted FVC, DL, and %predicted DL,. These curves show the differences from the
45-degree line of no discrimination, indicating the accuracy of the tests at predicting
survival. The DeMeester score had the highest accuracy of all tests at predicting survival
(0.76), although it was not statistically superior from any other test. ROC curve analysis was
also used to define the cut-off value of the DeMeester score for distinguishing survival
status. We found that the optimal DeMeester score in differentiating survival status, as
determined by maximizing sensitivity and specificity, was 65.2. Based on this value, we
calculated the 1-year survival from the time of the esophageal function testing which was
100% in 7 patients with a DeMeester score of less than 65.2, and 33% in 3 patients with a
score greater than 65.2 (p=0.01).

Table 3 shows the manometric and pH-metric profile of patients with a DeMeester score of
less than 65.2 (Group A), and those with a score greater than 65.2 (Group B). Those with a
score greater than 65.2 (Group B) had greater total time pH <4, greater time pH <4 in the
supine position, and greater total episodes of reflux over 24 hours. Moreover, esophageal
peristalsis was largely ineffective in Group A and in Group B as shown by the below normal
DEA in both groups. Specifically, esophageal peristalsis was absent in 14% patients in
Group A and in 66% of those in Group B (p=0.09).

J Surg Res. Author manuscript; available in PMC 2015 June 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fisichella et al.

Page 5

The single survivor with a DeMeester score greater than 65.2 also had proximal reflux (total
time pH <4 of 1.9) and preserved peristalsis with 40% of propagated waves. Because of her
clinical complaints of aspiration coupled with the finding of proximal reflux (the only
patient in this study cohort) and partially preserved esophageal peristalsis, this patient
underwent a laparoscopic partial fundoplication. She is still alive 1201 days post-transplant.
The other two patients with a DeMeester score greater than 65.2 (one with a DeMeester
score of 243.6 and the other with a score of 86.2) died of GERD related complication.
Specifically, the patient with a DeMeester score of 243.6 died 14 days post-lung
transplantation for acute on chronic upper gastrointestinal bleeding coupled with platelet
dysfunction after she developed developing chronic esophagitis and a distal esophageal ulcer
from her severe GERD. The patient with score of 86.2 had absent esophageal peristalsis
with severe and daily heartburn, regurgitation and aspiration, and died on a lung transplant
list as a result of respiratory failure from continuous aspiration.

Discussion

In our study of 10 patients with scleroderma awaiting lung transplantation, we found that
patients with severe reflux had a lower 1-year survival rate compared to those with less
severe reflux.

Calculated from ambulatory esophageal pH-monitoring data, the DeMeester score is a
composite score that is used to diagnose GERD and its severity (7). As it is a technique that
provides objective diagnosis, esophageal pH-monitoring is always prescribed to diagnose
GERD prior to an antireflux operation (11). Specifically, in patients with end-stage lung
disease (ESLD), such as those with scleroderma awaiting lung transplantation, esophageal
pH-monitoring is often prescribed to diagnose GERD prior to an antireflux operation.
Unfortunately, this often happens too late in the course of the disease, when the disease has
progressed to esophageal aperistalsis, severe GERD, and respiratory compromise. We aimed
to challenge GERD diagnosis as the sole indication to perform esophageal function testing
and we argued that esophageal testing should be incorporated in the management of patients
ESLD early on. We believe that it would make sense to use esophageal pH-monitoring to
predict survival status in those patients in whom GERD is highly prevalent and in whom
GERD may lead to lung deterioration. The results of our preliminary study confirm our
hypothesis. In fact, the main findings of this study showed a nominally increased AUC of
DeMeester score for predicting survival when compared to data from pulmonary function
tests, including FEV1, %predicted FEV,, FVC, %predicted FVC, DL, and %predicted
DL.o. Thus, the DeMeester score is at least equal to and possibly superior to other metrics
gained from pulmonary function tests in predicting survival in patients with scleroderma and
ESLD. This result has important clinical ramifications, as a high DeMeester score may be
considered a marker for developing lung injury from aspiration, for which laparoscopic
antireflux surgery can provide an effective intervention to stop aspiration and lung injury
(4). Therefore the usefulness of esophageal pH-monitoring lies in understanding that in
contrast to changes in pulmonary function tests, which are presumably manifestations of
lung injury, changes in the DeMeester score could be predictors of lung injury and survival.
It follows that esophageal pH-monitoring should be considered as important as pulmonary
function tests in the management of patients with ESLD and that this test should be ordered
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routinely as it could appropriately identify those in whom laparoscopic antireflux surgery
should be performed quicker to prevent GERD and improve survival. Although anecdotal,
the evidence offered in this study by our single survivor with a DeMeester score greater than
65.2 who is still alive 1201 days post-transplant demonstrates that laparoscopic antireflux
surgery could protect against GERD and aspiration-induced lung injury in these patients,
and it is in line with our previous work (4,12).

The second main finding of our study, that the severity of reflux can impact the 1-year
survival rate, ties up with the central message of our work reinforcing the need to prevent
GERD as early as possible and to increase survival. We have shown that the 1-year survival
from the time of the esophageal function testing was only 33% in those with a score greater
than 65.2 in contrast to the 100% survival rate in those with a milder score and that these
former patients had more supine reflux, greater total episodes of reflux over 24 hours and
higher prevalence of absent esophageal peristalsis. These findings are in line with those
shown by the group at University of California San Francisco, as they have shown that
reflux is more severe and peristalsis is more frequently absent when ESLD is also present in
those with scleroderma (3, 13). However, the group at University of California San
Francisco and ours also has shown that GERD can be effectively controlled in these patients
before lung transplantation and that laparoscopic fundoplication is safe in experienced hands
(14). Therefore, it is reasonable to recommend early esophageal manometry and pH-
monitoring to better identify those with early stages of esophageal compromise and with
milder GERD in whom laparoscopic antireflux surgery should be performed early to achieve
the best chances to prevent GERD and lung deterioration.

Although we acknowledge that our small sample size may be considered a main limitation,
we point out two reasons why this may not be a grave concern. First, many of the studies
published have enrolled a similar number of patients, as the prevalence of this specific
patient population is small, and that it would take several years to enroll a powerful cohort.
Second, even with this sample size limitation in mind, we believe that the data could be
robust enough to spur an increased awareness to incorporate GERD testing routinely to help
guiding an earlier treatment. Our referral rate for esophageal testing is 31% and we hope the
results of this study will increase the number of patients who could benefit from an earlier
diagnosis and treatment. As stated by Haney and Hartwig: “An ounce of prevention is worth
a pound of cure” - Benjamin Franklin. If the esteemed Mr. Franklin were a lung transplant
surgeon he might have rephrased his sentiment ““an early Nissen is better than a late
retransplant”. A laparoscopic fundoplication performed safely offers the potential to extend
graft function in a low-risk, high-reward fashion.” (15)

Conclusions

Our preliminary study of 10 patients with scleroderma awaiting lung transplantation has
shown that patients with severe reflux had a lower 1-year survival rate compared to those
with less severe reflux. These results suggest that esophageal pH-monitoring should be
considered early in patients with scleroderma and end-stage lung disease, as this test could
appropriately identify those in whom laparoscopic antireflux surgery should be performed
quicker to prevent GERD and its detrimental effects in patients awaiting lung
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transplantation. Further studies with larger sample sizes are warranted to confirm these
findings.
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Figure 1.
ROC curves for DeMeester score, FEV1, %predicted FEVq, FVC, %predicted FVC, DL,

and %predicted DL¢,. The curves show the differences from the 45-degree line of no
discrimination, indicating the accuracy of tests at predicting survival.
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Table 1

Demographics and descriptive statistics of the study cohort

Cohort (n=10)

Age 51.3+10.7
Male Gender 10%
BMI 233+34
DeMeester Score 63.7+725
FEV, 14+06
FEV 1, % predicted 52.6%
FvC 1.7+09
FVC, %predicted 50.4%
DLCO 56+45
DLCO, %predicted 27%

Results are reported as percentages for categorical variables and as average with standard deviation for scaled variables
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Table 2
AUC with 95% confidence interval (Cl) for DeMeester score, FEV1, %predicted FEV1, FVC, %predicted

FVC, DL, and %predicted DL,. DeMeester score showed the highest AUC of any metric. However, 42 tests

comparing each metric to DeMeester score did not reveal any statistically significant differences, although the
ability to detect differences was limited given the sample size of 10 patients.

AUC 95% ClI p-value

DeM eester Score 0.76 | (0.38,1.00)

FEV, 071 | (0.25,1.00) | 0.88

FEV %predicted | 0.71 | (0.33,1.00) | 0.86

FvC 0.71 | (0.32,1.00) 0.87

FVC %predicted 0.60 | (0.20,0.99) 0.56

DLCO 0.67 | (0.14,1.00) 0.77

DLCO %predicted | 0.70 | (0.24,1.00) | 0.84
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Manometric and pH-metric profile of patients with a DeMeester score of less than 65.2 (Group A), and those
with a score greater than 65.2 (Group B).

Group A (n=7) | Group B (n=3) | p-value

Manometric profile

LES

LES pressure (mmHg) 17.7+159 21.9+155 0.71

LES total length (cm) 24+11 23+%12 0.10

LES abdominal length (cm) 1+0.6 2+1 0.07

Esophageal body

DEA (mmHg) 247+125 14.7+2.9 0.22

pH-metric profile

Total time pH <4 (%) 7373 46.4+34.4 0.01
Upright 56+98 30+448 0.17
Supine 9.5+9.6 59.2+35.7 0.006

Episodes >5min 3+3 14+3 0.001

Longest episode (minutes) 458 £ 47.6 117.1+80.8 0.11

Total episodes 25+13 132+ 70 0.002

DeMeester score (normal: <14.7) 28.2+24.2 146.6 + 84.8 0.006

Esophageal clearance (seconds)

Total mean acid clearance time 232187 402 + 384 0.35
Upright 101 + 150 265 + 310 0.27
Supine 1180 + 1590 1807 + 2599 0.64

Proximal pH sensor data

Total time pH <4 (normal: <1%) 0£0 0.7+1.1 0.10
Upright 0+£0.1 0£0 1
Supine 02+0.5 12+2 0.22

LES: Lower Esophageal Sphincter
DEA: Distal Esophageal Amplitude

Results are reported as percentages for categorical variables and as average with standard deviation for scaled variables
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