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Introduction

Antireflux surgery has made great strides to address the 
growing prevalence of gastroesophageal reflux disease 
(GERD). In North America, it is estimated that 20% of 
people suffer from symptoms of GERD (1,2). GERD has 
been linked to a spectrum of respiratory disorders such as 
idiopathic pulmonary fibrosis (IPF), asthma, and chronic 
obstructive pulmonary disease (COPD) (2-6). Healthcare 
expenditures related to extra-esophageal symptoms have 
been projected to surpass 50 billion dollars, and 86% of this 
expense is related to pharmaceutical cost (7). 

The physiologic processes to explain the relationship 
between GERD and lung diseases are multifactorial and not 
completely understood. Several factors including increased 
trans-diaphragmatic pressure gradient, flattening of the 
diaphragm, and medication side effects affecting relaxation 
of the lower esophageal sphincter play a role (8-10). Teasing 

out the causative effects of these processes will help develop 
clear treatment strategies to slow or reverse their impact on 
respiratory conditions.

This has been studied most aggressively in the lung 
transplant population as pre-transplant GERD has been 
linked to poor survival and worse acute graft function (11). 
Medications, including H2 blockers and proton pump 
inhibitors (PPI), are commonly prescribed in these 
patients. However, medications alone do not address 
silent non-acidic reflux, food granules, and inflammatory 
mediators that can contribute to worsening pulmonary 
disease. Recent studies associating negative long-term side 
effects such as osteoporosis and pneumonia to chronic PPI 
use contribute to the growing evidence supporting surgical 
intervention (12). Antireflux surgery remains the gold 
standard to ensure GERD does not lead to exacerbation of 
pulmonary disease.

The aims of this manuscript are to review current 
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literature associating pulmonary diseases to GERD, 
and detail the role of antireflux surgery in the treatment 
algorithm of these conditions. 

Difficulties in diagnosing GERD in lung disease 
patients 

Several symptoms used to diagnose GERD share common 
ground with respiratory conditions. These include chronic 
cough, hoarseness, and dyspnea. Although rare, some 
patients may present with only extra-esophageal complaints, 
which are attributed to their primary lung condition. 
On the other hand, some patients with GERD may be 
asymptomatic but are experiencing pulmonary sequela 
from their silent reflux. In fact, 30% of people in a cohort 
study of 822 patients with a clinical diagnosis of GERD had 
normal ambulatory pH monitoring (13).

Therefore, it is important to diagnose GERD carefully 
with objective data when patients present with known 
GERD-related symptoms or belong to at-risk patient 
populations. For instance, abnormal distal reflux by 24-hour 
pH monitoring was diagnosed in 87% of 65 patients with 
IPF and in 68% of 109 lung transplant candidates (14,15). 
Other components of GERD have been documented in end 
stage lung disease. Keshavjee et al. showed an incidence of 
hypotensive lower esophageal sphincter in almost 80% of 
patients awaiting lung transplant; additionally, 44% of this 
population had delayed gastric emptying (16). Abnormal or 
absent peristalsis such as in scleroderma may contribute to 
symptomatology. Abnormal esophageal motility has been 
linked to delayed acid clearance and more severe mucosal 
injury (17-19). Correction of reflux by fundoplication has 
been shown to also improve peristalsis (20). 

Pathophysiology of GERD in relation to 
bronchoconstrictive diseases 

GERD is a highly prevalent condition in patients with 
asthma, COPD, and cystic fibrosis (CF). Due to the 
widespread proposed mechanisms, it is difficult to tease 
out if GERD in these conditions is a primary or secondary 
phenomenon of the respiratory disease. 

In patients with asthma, reflux can contribute to more 
frequent exacerbations and worsen respiratory symptoms. 
Mechanisms proposed for this association include activation 
of the esophago-bronchial reflex, increased bronchial 
reactivity, and microaspiration events (17). These processes 
can also be projected to patients with COPD. In addition, 

anatomical alterations in COPD create a perfect climate 
for the development of reflux including increased trans-
diaphragmatic pressure gradient, flattening of the diaphragm 
and increased central drive (8-10). Of note though, COPD 
patients with GERD have not been shown to have a defective 
esophago-gastric junction or abnormal peristalsis (6). This 
difference in mechanism illustrates the unique physiology 
of GERD in COPD. Of particular importance is the 
role COPD plays in disrupting respiratory dynamics. 
Manometry data in a cohort of COPD patients showed 
higher trans-diaphragmatic pressure gradient and lower 
LES basal pressure in the subset of patients with objectively 
defined GERD (6). A higher trans-diaphragmatic gradient 
correlated to higher DeMeester scores (6). 

Both asthma and COPD require medications which may 
cause LES relaxation. Beta agonist bronchodilators like 
albuterol sulfate increase the thoracic pressure by improving 
pulmonary function and decreasing the chest wall volume. 
Due to an increase in the abdominal compartment pressures 
with administration, the overall gradient has been shown 
to remain unchanged (21). In a study examining the 
manometric data before and after inhaled beta agonist 
bronchodilators, a normal LES pressure was present in 80% 
pretreatment; this decreased to 40% post-treatment (21). 
Patients may take these medications causing a drop in LES 
pressure several times a day, contributing to the number of 
GERD episodes.

The association between CF and GERD is not as well 
understood. Hallberg et al. demonstrated that increased 
gastric acid secretion accompanies the known reduction 
in pancreatic bicarbonate secretion in CF (22), although 
documented alkaline reflux episodes have been found in 
this population (23). Therefore, acid exposure alone does 
not fully explain the incidence of GERD in this population. 
Most of the data centers on the effects of aspiration on the 
respiratory tract. An analysis of saliva showed bile acids in 
40% of adults with CF (24). This supports a hypothesis of 
aspiration as a contributing factor to GERD. In addition, 
more proximal GERD may be present which has been 
linked to a greater prevalence of respiratory symptoms (25). 

Pathophysiology of GERD in relation to lung 
transplant patients 

GERD has been shown to play a role in the development 
of pulmonary fibrosis and of the rejection after lung 
transplant. Despite advances in lung transplantation, long-
term survival is threatened by development of bronchiolitis 
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obliterans syndrome (BOS), the most common cause of 
chronic allograft dysfunction. BOS is characterized by 
obliteration of the small airways with fibrosis in addition 
to recurrent pulmonary infections. After onset of BOS 
post-transplant, five-year survival is only 30–40% (26). 
Alloimmune causes of airway epithelial destruction were 
previously the hallmark of this syndrome; however, non-
alloimmune injuries may instigate the development of BOS 
even in the early post-transplant phase. Animal studies have 
shown increased number of allograft CD8+ T cells, known 
mediators of acute rejection, after aspiration events (27). 
These aspiration events may not coincide with an acidic 
event, causing difficulty in monitoring this data point. Even 
with less acidic pH, reflux of bile and pepsin can occur as 
evidenced by a Blondeau et al. study showing increased 
nocturnal weakly acidic reflux in conjunction with bile 
in bronchoalveolar lavage fluid (BALF) (28). Presence of 
pepsin and bile acid in BALF samples has been identified as 
a risk factor to the onset and progression of BOS (29,30). 
Aspiration is not the only culprit to precipitate GERD post-
transplant. Iatrogenic vagal injury during the operation 
and side effects of immunosuppressive medications both 
contribute to delayed gastric emptying (31). 

Because of  i ts  frequent s i lent  nature and high 
prevalence, GERD screening has become part of routine 
preoperative work-up in chronic lung disease. In a subset 
of lung transplant candidates undergoing high-resolution 
manometry, 23% were found to have a hypotensive LES 
and 36% had esophageal body hypomotility (32). A similar 
cohort study showed pH monitoring diagnostic of GERD 
in 58% of transplant candidates (32). Accurate diagnosis 
of GERD in pre and post transplant patient is essential to 
improving morbidity and mortality after such an invasive 
and costly procedure. It is not enough to diagnose GERD, 
but to quantify the degree of GERD, so that appropriate 
interventions including fundoplication may be performed to 
slow lung fibrosis. 

Role of antireflux surgery in patients with 
chronic lung disease 

Evidence supporting non-acidic episodes of reflux in 
patients with lung disorders demonstrates the inherent 
pitfalls in treating these patients with PPI medication. The 
principle mechanism of altering pH does little to change 
the frequency of gastric reflux episodes (33). 

In asthma, few randomized controlled trials (RCTs) 
exist allocating asthmatics to treatment with medical or 

surgical treatment. One RCT with population of 62 asthma 
patients with GERD showed improved symptom severity 
scores at two-year follow-up with surgical treatment 
versus medical therapy (34). However, objective data 
including peak expiratory flow, pulmonary function 
tests, and asthma medication requirements between the 
two groups were not statistically significant (34). In a 
more recent RCT by Pointner et al., 100 patients with 
extra-esophageal GERD symptoms were randomized 
to Toupet vs. Nissen fundoplication. In patients with 
asthma, symptoms improved with both Nissen and Toupet 
fundoplication, however the improvement in symptom 
score in Toupet fundoplication was not significant (35). 
Nissen fundoplication may be the indicated surgical 
procedure for treatment of asthma. Benefits of antireflux 
surgery on improving asthma are clearly established in 
the literature. Prospective data showed an improvement 
in 83% of asthma patients undergoing laparoscopic 
Nissen fundoplication (36). For asthma uncontrolled with 
pharmacotherapy alone, it is prudent to evaluate for GERD 
and discuss who would benefit from antireflux surgery.

Unfortunately, similar studies have not been performed 
in COPD patients. Due to unique pathophysiology of 
the interplay between each lung disease and GERD, 
extrapolation of data to other subsets of lung disease may 
not be accurate. Further studies are needed to determine 
appropriate work-up and indications for antireflux surgery 
in chronic respiratory disease. 

The strongest data for antireflux surgery in chronic lung 
disease centers on the transplant population. Most of these 
patients suffer from progressive fibrosis, which is hastened 
by uncontrolled GERD. The question arises as to when 
is the best time to intervene surgically on these patients. 
An argument can be made that a survival benefit may arise 
if GERD is controlled prior to transplantation. Linden 
et al. compared a group of 14 lung transplant candidates 
undergoing laparoscopic antireflux surgery (LARS) to a 
control group of 31 candidates not undergoing LARS. This 
study showed that oxygen requirements stabilized in the 
LARS group, compared to increasing oxygen requirements 
in the control group as the disease progressed (37).

Decreasing aspiration events has a major role in 
protecting lung allograft function. In addition, clear benefit 
survival benefit has been established to intervening with 
LARS. Cantu et al. established early fundoplication as 
preventive to the development of BOS post-transplant. 
BOS was absent in 96% and 60% of patients undergoing 
LARS at 1- and 3-year follow-up respectively. Survival 
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at 3 years was 100% compared to 76% of the control 
group with no LARS intervention (38). Worsening 
fibrosis and decreased survival post-transplant illuminate 
the opportunity to intervene in early in this disease 
progression. One could argue that addressing GERD 
preoperatively my lead to improved survival post-
transplant. Lo et al. established that early intervention 
(pre-transplant or <6 months from transplant) decreased 
early allograft injury in comparison to late LARS 
(>6 months from transplant) (39). Currently a NIH 
sponsored phase II multicenter study is ongoing to 
address how LARS impacts the decline of forced vital 
capacity in IPF patients. 

As described earlier, the pathophysiology and severity 
of GERD may be altered in the post-transplant setting. 
LARS alters the anatomy of the gastroesophageal 
junction, providing a mechanical barrier to aspiration. 
Analysis of BALF samples commonly contains bile after 
transplant (40). Lower levels of pepsin in BALF samples 
have been found in transplant patients’ post-LARS, 
suggesting decreased aspiration events in this group (41). 
Davis et al. supported the impact of LARS on BOS. In 
128 patients post transplant, 43 underwent LARS with 
BOS resolving in 50% patients with BOS present at the 
time of the operation (42). 

Intervening prior to development of fibrosis and 
BOS is of paramount importance. The key window of 
opportunity arises early after lung transplant to ensure 
delay in the onset or progression of BOS. Despite being 
on chronic immunosuppression, LARS has been shown 
to be safe in this post-transplant population. Gasper 
et al. studied the morbidity and safety of LARS. Of 35 
operations, all remained laparoscopic without conversion 
to  open and 94% of  pat ients  recovered without 
complication (43). Average postoperative length of stay 
was 2 days. 

Conclusions

The physiologic processes to explain the relationship 
between GERD and lung diseases are multifactorial, and 
not completely understood. Because of its frequently 
silent nature and high prevalence, GERD screening 
should be performed in patients with chronic lung 
disease. While medical therapy alters the pH of the 
gastric juice, it does not eliminate the occurrence 
of  gastroesophageal  ref lux episodes,  which cause 
regurgitation and respiratory symptoms. Selected group 

of patients with pulmonary disease and proven GERD 
may benefit from antireflux surgery. 

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was commissioned 
by the Guest Editor (Fernando A. M. Herbella) for the 
series “Secrets for Successful Laparoscopic Antireflux 
Surgery” published in Annals of Laparoscopic and Endoscopic 
Surgery. The article has undergone external peer review.

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at http://
dx.doi.org/10.21037/ales.2017.02.33). The series “Secrets 
for Successful Laparoscopic Antireflux Surgery” was 
commissioned by the editorial office without any funding or 
sponsorship. The authors have no other conflicts of interest 
to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Rubenstein JH, Chen JW. Epidemiology of 
gastroesophageal reflux disease. Gastroenterol Clin North 
Am 2014;43:1-14.

2. Shaheen NJ, Hansen RA, Morgan DR, et al. The 
burden of gastrointestinal and liver diseases, 2006. Am J 
Gastroenterol 2006;101:2128-38. 

3. Harding SM. Recent clinical investigations examining the 
associa- tion of asthma and gastroesophageal reflux. Am J 

http://dx.doi.org/10.21037/ales.2017.02.33
http://dx.doi.org/10.21037/ales.2017.02.33
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Laparoscopic and Endoscopic Surgery, 2017 Page 5 of 6

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved. Ann Laparosc Endosc Surg 2017;2:53ales.amegroups.com

Med 2003;115 Suppl 3A:39S-44S. 
4. Kahrilas PJ, Smith JA, Dicpinigaitis PV. A Causal 

Relationship Between Cough and Gastroesophageal Reflux 
Disease (GERD) has been Established: A Pro/Con Debate. 
Lung 2014;192:39-46. 

5. Allaix ME, Fisichella PM, Noth I, et al. Idiopathic 
pulmonary fibrosis and gastroesophageal re- flux. 
Implications for treatment. J Gastrointest Surg 
2014;18:100-4; discussion 104-5. 

6. Del Grande LM, Herbella FA, Bigatao AM, et al. 
Pathophysiology of gastroesophageal reflux in patients 
with chronic pulmonary obstructive disease is linked to an 
in- creased transdiafragmatic pressure gradient and not 
to a defective esophagogstric barrier. J Gastrointest Surg 
2016;20:104-10.

7. Francis DO, Rymer JA, Slaughter JC, et al. High economic 
burden of caring for patients with suspected extraesophageal 
reflux. Am J Gastroenterol 2013;108:905-11.

8. Crowell MD, Zayat EN, Lacy BE, et al. The effects of an 
inhaled beta(2)-adrenergic agonist on lower esophageal 
function: a dose-response study. Chest 2001;120:1184-9. 

9. Casanova C, Baudet JS, del Valle Velasco M, et al. 
Increased gastro-oesophageal re- flux disease in patients 
with severe COPD. Eur Respir J 2004;23:841-5. 

10. Herbella FA, Sweet MP, Tedesco P, et al. 
Gastroesopheageal reflux disease and obesity. 
Pathophysiology and implications for treatment. J 
Gastrointest Surg 2007;11:286-90.

11. Murthy SC, Nowicki ER, Mason DP, et al. Pretransplant 
gastroesopheageal reflux compromises early outcomes 
after lung transplantation. J Thorac Cardiovasc Surg 
2011;142:47-52.e3. 

12. von Rahden BH, Scheurlen M, Filser J, et al. Newly 
recognized side-effects of proton pump inhibitors. 
Arguments in favor of fundoplication for GERD? Chirurg 
2012;83:38-44. 

13. Allaix ME, Fisichella, Noth I, et al. The pulmonary 
side of reflux diease: from heartburn to lung fibrosis. J 
Gastrointest Surg 2013;17:1526-35. 

14. Raghu G, Freudenberger TD, Yang S, et al. High 
prevalence of abnormal acid gastroesophageal reflux in 
idiopathic pulmonary fibrosis. Eur Respir J 2006;27:136-42.

15. Sweet MP, Herbella FA, Leard L, et al. The prevalence 
of distal and proximal gastroesophageal reflux in patients 
awaiting lung transplantation. Ann Surg 2006;244:491-7.

16. D'Ovidio F, Singer LG, Hadjiliadis D, et al. Prevalence of 
gastroesopheagl reflux in end stage lung disease candidates 
for lung transplant. Ann Thorac Surg 2005;80:1254-60.

17. Alexander JA, Hunt LW, Patel AM. Prevalence, 
pathophy- siology, and treatment of patients with asthma 
and gastroesophageal reflux disease. Mayo Clin Proc 
2000;75:1055-63. 

18. Diener U, Patti MG, Molena D, et al. Esoph- ageal 
dysmotility and gastroesophageal reflux disease. J 
Gastrointest Surg 2001;5:260-5. 

19. Fouad YM, Katz PO, Hatlebakk JG, et al. Ineffective 
esoph- ageal motility: the most common motility 
abnormality in patients with GERD-associated respiratory 
symptoms. Am J Gastroenterol 1999;94:1464-7. 

20. Herbella FA, Tedesco P, Nipomnick I, et al. Effect of 
partial and total laparoscopic fundoplication on esopha- 
geal body motility. Surg Endosc 2007;21:285-8. 

21. Del Grande LM, Herbella FA, Bigatao AM, et al. Inhaled 
Beta Agonist Bronchodilator Does Not Affect Trans-
diaphragmatic Pressure Gradient but Decreases Lower 
Esophageal Sphincter Retention Pressure in Patients with 
Chronic Obstructive Pulmonary Disease (COPD) and 
Gastroesophageal Reflux Disease (GERD). J Gastrointest 
Surg 2016;20:1679-82.

22. Hallberg K, Abrahamsson H, Dalenbäck J, et al. Gastric 
secretion in cystic fibrosis in relation to the migrating 
motor complex. Scand J Gastroenterol 2001;36:121-7. 

23. Dziekiewicz MA, Banaszkiewicz A, Urzykowska A, et al. 
Gastroesophageal Reflux Disease in Children with Cystic 
Fibrosis. Adv Exp Med Biol 2015;873:1-7.

24. Blondeau K, Dupont LJ, Mertens V, et al. Gastro-
oesophageal reflux and aspiration of gastric contents in 
adult patients with cystic fibrosis. Gut 2008;57:1049-55. 

25. Blondeau K, Pauwels A, Lj D, et al. Characteristics of 
gastroesophageal reflux and potential risk of gastric 
content aspiration in children with cystic fibrosis. J Pediatr 
Gastroenterol Nutr 2010;50:161-6. 

26. Boehler A, Kesten S, Weder W, et al. Bronchiolitis 
obliterans after lung transplantation: a review. Chest 
1998;114:1411-26.

27. Hartwig MG, Appel JZ, Li B, et al. Chronic aspiration of 
gastric fluid accelerates pulmonary allograft dysfunction 
in rat model of lung transplantation. J Thorac Cardiovasc 
Surg 2006;131:209-17.

28. Blondeau K, Mertens V, Vanaudenaerde BA, et al. 
Noctural weakly acidic reflux promotes aspiration of 
bile acids in lung transplant re cipents. J Heart Lung 
Transplant 2009;28:141-8.

29. Fisichella PM, Davis CS, Lowery E, et al. Aspiration, 
localized pulmonary inflammation, and predictors of 
early-onset bronchiolitis obliterans syndrome after lung 



Annals of Laparoscopic and Endoscopic Surgery, 2017Page 6 of 6

© Annals of Laparoscopic and Endoscopic Surgery. All rights reserved. Ann Laparosc Endosc Surg 2017;2:53ales.amegroups.com

transplantation. J Am Coll Surg 2013;217:90-100.
30. D’Ovidio F, Mura M, Tsang M, et al. Bile acid aspiration 

and the development of bronchiolitis obliterans 
after lung transplantation. J Thorac Cardiovasc Surg 
2005;129:1144-52.

31. Berkowitz N, Schulman LL, McGergor C, et al. 
Gastroparesis after lung transplantation:potential 
role in postoperative respiratory complications. Chest 
1995;108:1602-7.

32. Services UDoHaH. Organ procurement and 
transplanation network. 2015. Available online: http://
optntransplanthrsagov/coverage/latestdata.rptdataasp

33. Tamhankear AP, Peters JH, Portale G, et al. Omeprazole 
does not reduce gastroesophageal reflux: New insights 
using multichannel intraluminal impedance technology. J 
Gastrointest Surg 2004;8:890-97.

34. Sontag SJ, O’Connell S, Khandelwal S, et al. Asthmatics 
with gastroesophageal reflux;long tern results of a 
randomized trial of medical and surgical antireflux 
therapies. Am J Gastroenterol 2003;98:987-99.

35. Koch OO, Antoniou SA, Kaindlstorfer A, et al. 
Effectiveness of laparoscopic total and partial 
fundoplication on extraesophageal manifestations of 
gastroesophageal reflux disease: a randomized study. Surg 
Laparosc Endosc Percutan Tech 2012;22:387-91.

36. Rakita S, Villadolid D, Thomas A, et al. Laparoscopic 
Nissen fundoplication offers high patient satisfaction with 
relief of extraoesophageal symptoms of gastro-oesophageal 
reflux disease. Am Surg 2006;72:207-12.

37. Linden PA, Gilbert RJ, Yeap BY, et al. Laparoscopic 
fundoplication in patients with end-stage lung disease 
awaiting transplantation. J Thorac Cardiovasc Surg 
2006;131:438-46.

38. Cantu E 3rd, Appel JZ 3rd, Hartwig MG, et al. Early 
fundoplication prevents chronic allograft dysfunction in 
patients with gastroesopheageal reflex disease. Ann Thorac 
Surg 2004;78:1142-51.

39. Lo WK, Goldberg HJ, Wee J, et al. Late fundoplication 
after lung transplantation is associated with increased 
early allograft injury compared to anti-reflux surgery 
before or soon after transplantation. J Gastrointest Surg 
2016;20:111-8.

40. D'Ovidio F, Mura M, Ridsdale R, et al. The effect of reflux 
and bile acid aspiration on lung allograft and its surfactatnt 
and innate immunity molescules SP-A and SP-A. Am J 
Transplant 2006;6:1930-8.

41. Fisichella PM, Davis CS, Lundberg PW, et al. The 
protective role of laparoscopic antireflux surgery against 
aspiration of pepsin after lung transplantation. Surgery 
2011;150:598-606.

42. Davis RD Jr, Lau CL, Eubanks S, et al. Improved 
lung allograft function after fundoplication in patients 
with gastroesopheageal reflux disease undergoing lung 
transplantation. J Thorac Cardiovasc Surg 2003;125:533-42.

43. Gasper WJ, Sweet MP, Hoopes C, et al. Antireflux surgery 
for patients with end-stage lung disease before and after 
lung transplantation. Surg Endosc 2008;22:495-500.

doi: 10.21037/ales.2017.02.33
Cite this article as: Bryant MK, Schlottmann F, Patti MG. 
Secrets for successful laparoscopic antireflux surgery: patients 
with pulmonary diseases. Ann Laparosc Endosc Surg 2017;2:53.


