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Abstract
Background Laparoscopic fundoplication is an accepted surgical management of refractory gastro-esophageal reflux disease 
(GERD). The use of high resolution esophageal manometry (HRM) in preoperative evaluation is often applied to determine 
the degree of fundoplication to optimize reflux control while minimizing adverse sequela of postoperative dysphagia.
Objective Assess the role of preoperative HRM in predicting surgical outcomes, specifically risk assessment of postopera-
tive dysphagia and quality of life, among patients receiving laparoscopic Nissen fundoplication for GERD with immediate 
postoperative (< 4 weeks clinic), short-term (3-month clinic), and long-term (34 ± 10.4 months of telephone) follow-up.
Methods Retrospective analysis of 146 patients over the age of 18 who received laparoscopic Nissen fundoplication at Uni-
versity of Vermont Medical Center from July 1, 2011 through December 31, 2014 was completed, of which 52 patients with 
preoperative HRM met inclusion criteria. Exclusion criteria included history of: (a) named esophageal motility disorder or 
aperistalsis; (b) esophageal cancer; (c) paraesophageal hernia noted intraoperatively.
Results Elevated basal integrated relaxation pressure (IRP), which is the mean of 4 s of maximal lower esophageal sphinc-
ter (LES) relaxation within 10 s of swallowing, was significantly correlated with worsened severity of post-fundoplication 
dysphagia (r = 0.572, p < 0.0001 with sensitivity and NPV of 100%) and poorer quality of life (r = 0.348, p = 0.018) at up to 
3-years follow-up. The presence of preoperative dysphagia was independently related to post-fundoplication dysphagia at 
short-term (r = 0.403, p = 0.018) and long-term follow-up (r = 0.415, p = 0.005). Also, both elevated mean wave amplitude 
(r=-0.397, p = 0.006) and distal contractile integral (DCI) (r = − 0.294, p = 0.047) were significantly, inversely correlated 
to post-Nissen dysphagia. No significant association was demonstrated between other preoperative HRM parameters and 
surgical outcomes.
Conclusions Inadequacy of lower esophageal sphincter (LES) relaxation with swallowing as delineated by elevated IRP is 
significantly predictive of worse long-term postoperative outcomes including dysphagia and quality of life scores. Further 
assessment of tailoring anti-reflux surgical approach with partial vs. total fundoplication to functionally resistant LES is 
required.

Keywords High resolution manometry · Nissen · Fundoplication · Dysphagia

Despite minimal perioperative morbidity and 30-day post-
operative mortality of 0%, surgical fundoplication for reflux 
control is not without potential adverse outcomes [1]. In 
addition to the risk of postoperative epigastric pain, post-
prandial fullness, and increased flatulence with gas bloat, 
fundoplication is associated with an 8–12% incidence of 
dysphagia [2–4]. Post-fundoplication dysphagia rates at 
3 months range from 10 to 40% with long-term rates of up 
to 10% at 1 year [5–7]. The clinical implications of dys-
phagia following anti-reflux surgery have extensive effects 
on quality of life outcomes, often resulting in significant 
weight loss, malnutrition, reoperation rates of 1.8–10.8%, 
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and endoscopic dilatation rates of 0–25% [1]. Persistent dys-
phagia is rarely due to excessively tight wrap formation and 
often attributable to recurrent reflux, esophageal stenosis, 
development of paraesophageal hernia, and wrap migration 
into the thorax which has a reported incidence of 0.8–26% 
[1, 8, 9]. Furthermore, it is also possible that long-term dys-
phagia after anti-reflux surgery is a result of esophageal dys-
motility in those who have normal postoperative anatomy.

Multiple surgical modifications have been reported to 
reduce the incidence of adverse postoperative outcomes 
which include larger bougie caliber during wrap sizing, 
shortening the length of fundoplication wrap, and mobi-
lization of the short gastric vessels [1, 10–13]. However, 
esophageal function might also be an important predictor 
of long-term dysphagia after anti-reflux surgery. Current 
literature does not support the routine use of mandatory 
preoperative manometry, yet the novel metrics of high reso-
lution manometry (HRM) are often applied to examine pre-
operative esophageal gastric junction (EGJ) anatomy and 
esophageal motility [1, 5]. Whereas conventional manom-
etry applies 4–8 sensors spaced at 3–5 cm intervals, HRM 
uniquely utilizes 36 circumferential sensors spaced at 1-cm 
intervals thus enabling a higher fidelity evaluation of func-
tional motility spanning an entire esophageal length [20].

Both Beckingham et al. and Montenovo et al. performed 
prospective cohort trials in which no statistically signifi-
cant difference in the prevalence of manometric dysmotility 
(p = 0.9 [7], p = 0.75 [11]) among patients who developed 
postoperative dysphagia at up to 1-year follow-up was dem-
onstrated [7, 11]. The lack of correlation between preopera-
tive motility and clinical outcomes was further supported 
by Booth et al. in a study of 117 patients with normal and 
ineffective preoperative esophageal motility who underwent 
laparoscopic Nissen fundoplication for GERD. At 1-year 
follow-up, 95% of the normal motility cohort and 91% of 
the ineffective motility cohort reported good/excellent out-
come [14]. Scheffer et al. studied HRM in 12 patients among 
whom significantly elevated intrabolus pressures, a measure 
of intraesophageal pressure generated by bolus flow, did not 
correlate with post-fundoplication dysphagia scores [15].

Manometry has been further evaluated in both the intra-
operative and postoperative setting to assess surgical out-
comes. In a study of 40 patients who underwent intraop-
erative esophageal manometry, significantly elevated LES 
pressures after induction of anesthesia were noted among 
dysphagic patients (47.3 vs. 23.4 cm H20; p = 0.001) [16]. 
Furthermore, post-fundoplication manometric findings of 
dual high pressure zones, two regions of high pressure near 
the LES separated by a lower pressure trough, are predictive 
of recurrent or persistent reflux symptoms [5, 17]. Yama-
moto et al. reported significantly longer length of distal 
esophagus high pressure zones (p = 0.02) and elevated inte-
grated relaxation pressure (IRP) (p = 0.049), both indicating 

evidence of outflow obstruction, among post-fundoplication 
patients with dysphagia [18]. However, Yang et al. dem-
onstrated no association between manometric findings at 
3 months and 5 years post-Nissen including LES relaxation 
pressures and clinical parameters of dysphagia, heartburn, 
bloat symptoms, or satisfaction [19]. Ultimately, a predomi-
nant body of existing evidence regarding the routine use of 
manometry in the pre- and postoperative settings demon-
strate lack of any clinically significant differences in pre-
dicting surgical outcome. However, most of these published 
studies use results from standard manometry, and studies 
using HRM are contradictory amidst limited distinction of 
basal vs. residual LES IRP. Today’s high resolution manom-
etry may give some insight into patients who might develop 
persistent, problematic dysphagia in the long term.

Methods

All patients over the age of 18 years undergoing anti-reflux 
surgery between July 1, 2011 and December 31, 2014 for 
symptomatic, refractory GERD were eligible for inclusion. 
Exclusion criteria included a history of the presence of 
manometrically proven severe esophageal motility disorder 
such as achalasia, scleroderma, or aperistalsis, intraoperative 
finding of esophageal cancer, paraesophageal hernia noted 
intraoperatively requiring repair, partial posterior, or ante-
rior fundoplication, and lack of preoperative HRM. Of the 
146 patients who underwent fundoplication, 52 patients met 
inclusion criteria.

Among the excluded patients were 48 patients without 
preoperative HRM either due to workup at an outside facility 
with conventional manometry or aborted HRM due to poor 
patient tolerance of the procedure, 28 patients with parae-
sophageal hernia, 16 patients with a pre-existing esophageal 
motility disorder, 12 patients who received partial poste-
rior fundoplication, 2 patients who received partial anterior 
fundoplication, and 1 patient with a history of esophageal 
cancer.

GERD was diagnosed with a clinical history of typical 
and/or atypical symptoms of reflux concordant with either 
evidence of esophageal mucosal injury on EGD or patho-
logic acid reflux on 24-h ambulatory intraesophageal pH 
monitoring. Preoperative HRM and assessment of the pro-
gression of GERD symptoms was performed with the GERD 
Health Related Quality of Life (HRQL) questionnaire.

All patients underwent laparoscopic Nissen fundopli-
cation and no conversion to open operation was required. 
Baseline characteristics of the patient population were nota-
ble for a mean patient age of 50.7 ± 11.4 years, 73% female 
predominance, and 58% rate of preoperative dysphagia of 
varying severity.
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High resolution manometry

All 52 patients who met inclusion criteria received preopera-
tive HRM prior to fundoplication. HRM was performed by 
the trans-nasal passage of closely spaced, longitudinal and 
radially positioned 36 solid-state, circumferential sensors 
at 1-cm intervals with minimized spatial gaps compared to 
the 3- to 5-cm spaced sensors of conventional manometry 
[20]. Ten wet thin liquid swallows of 5 cc each in the supine 
position were utilized to determine the extent of propaga-
tion and amplitude of peristalsis. EGJ pressure morphology 
was assessed according to the Pandolfino et al. classification 
and Chicago Classification algorithm, most recently updated 
v3.0 [20, 21]. A Clouse plot of esophageal pressure topog-
raphy with HRM was developed as a pressure continuum 
allowing for enhanced sensitivity of identifying impaired 
bolus transit secondary to focal breaks in peristalsis or 
impaired LES relaxation [22].

The parameters assessed by HRM included length from 
nares to proximal LES, LES length, intraabdominal LES 
length, basal, and residual LES integrated relaxation pres-
sures (IRP), mean distal contractile integral (DCI), mean 
wave amplitude, mean wave duration, double-peaked waves, 
triple-peaked waves, contractile front velocity (CFV), upper 
esophageal sphincter (UES) mean basal and residual pres-
sure, percentage intact peristalsis, simultaneous peristalsis, 
hypotensive peristalsis, and failed peristalsis.

Basal LES IRP represents the mean of 4 s of maximal 
deglutitive EGJ relaxation, whether contiguous or non-
contiguous within 10  s of swallowing beginning with 
UES relaxation [21, 22]. For each patient, mean IRP was 
calculated for ten swallows and considered normal if 
13–43 mmHg. DCI represents the vigor of distal esopha-
geal contraction by incorporating the amplitude, duration, 
and length of contraction [20–22]. Ineffective esophageal 
motility (IEM) is defined by ≥ 50% ineffective swallows, 
either failed (DCI < 100 mmHg s cm) or weak (DCI > 100 
and < 450 mmHg s cm) peristalsis [20, 21].

Operative technique

A single surgeon performed all operations without conver-
sion. The fundus of the stomach was mobilized by incising 
the gastrosplenic ligament up to the left crus of the dia-
phragm in each case. Mediastinal dissection of the esopha-
gus was undertaken for transhiatal mobilization to allow 
for adequate length of intraabdominal esophagus. The dia-
phragm crura were reapproximated with 0-non-absorbable 
suture, and laparoscopic Nissen fundoplication was then per-
formed by creating a 360° wrap over a 54–56 Fr esophageal 
bougie dilator with 3 interrupted stitches of non-absorbable 
suture. The wrap was assessed prior to closure for undue 
tension, twisting, or angulation of the esophagus.

Clinical follow‑up

Standardized clinical follow-up of GERD and dysphagia 
symptoms were completed at set time intervals of the immedi-
ate postoperative period within 4 weeks of the date of surgery 
in clinic, 3 months in clinic, and 34 ± 10.4 months of median 
telephone follow-up. The already validated GERD Health 
Related Quality of Life (HRQL) questionnaire was utilized to 
assess patients at each time point postoperatively with a scale 
of 0 (no symptoms) to 50 (symptoms incapacitating, unable to 
perform daily activities). Presence or absence of the following 
symptoms was sought: heartburn in supine and upright posi-
tions, postprandial heartburn, change in diet due to symptoms, 
nocturnal symptoms of heartburn, dysphagia, odynophagia, 
bloating, and impact of acid-reducing medication use on daily 
life.

Dysphagia was defined as difficulty with swallowing or 
unpleasant sensation of food sticking in the esophagus after 
swallowing. Patient report of dysphagia was scored on a scale 
of 0 to 5 (0 = no dysphagia; 1 = dysphagia noticeable, but not 
bothersome; 2 = symptoms noticeable and bothersome, but not 
everyday; 3 = symptoms bothersome everyday; 4 = symptoms 
affect daily activities; 5 = symptoms incapacitating, unable to 
do daily activities).

One patient was lost to all clinical follow-up postoperatively 
and one patient died due to unrelated causes prior to any sur-
gical follow-up 2.5 months postoperatively in the setting of 
palliative care for pancreatic cancer found on CT imaging for 
refractory, chronic C difficile infection.

Statistical analysis

Statistical analysis was completed using GraphPad Prism 
Version 6.07 (GraphPad Software, La Jolla California USA). 
Statistics are expressed as mean ± SD, unless otherwise speci-
fied. A level of p < 0.05 was defined as indicating statistical 
significance. Pearson’s correlation test was used to determine 
correlation relationships between variables and Mann–Whit-
ney U test was used to compare differences between independ-
ent groups after controlling for the remainder variables with 
multivariate analysis.

Ethics

The institutional review board at the University of Vermont 
Medical Center and the University of Vermont Committees 
on Human Research approved this study.
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Results

Among the 52 patients who met inclusion criteria, the sever-
ity of postoperative dysphagia declined from the immedi-
ate postoperative period to the long-term follow-up time 
point. By long-term follow-up at 34 ± 10.4 months, of the 
n = 23 (47%) patients who endorsed preoperative dyspha-
gia (measured by a dysphagia score of 2 or higher), n = 14 
(61%) endorsed entirely resolved dysphagia symptoms, n = 5 
(22%) experienced improved dysphagia, n = 2 (9%) endorsed 
worse dysphagia, and n = 2 (9%) endorsed stable dysphagia. 
Of note, n = 3 (6%) of patients experienced new dyspha-
gia postoperatively and n = 25 (48%) had no preoperative 
or postoperative dysphagia. Of the 52 patients, one patient 
denied any long-term postoperative dysphagia in the setting 
of uncertain preoperative dysphagia symptoms (Table 1).

Notable findings on correlation analysis as delineated in 
Table 2 include a significant, positive correlation between 
the presence of preoperative dysphagia (score of 2 or higher) 
and worsened severity of post-fundoplication dysphagia at 3 
months (r = 0.40, p = 0.018) and 34 ± 10.4 months (r = 0.42, 
p = 0.005) follow-up. Elevated basal LES IRP indicating 
impaired LES relaxation with swallowing was also sig-
nificantly associated with more severe dysphagia at long-
term follow-up (r = 0.57, p < 0.0001) when controlled for 

preoperative dysphagia, age, gender, esophagitis (r = 0.65, 
p < 0.0001). On multivariate analysis, basal LES IRP was 
significantly elevated among patients with postoperative 
dysphagia at 34 months to 29.9 mmHg (22.4–37.4) vs. 
18.1 mmHg (14.8–21.4) among those without dysphagia, 
p = 0.0013. The sensitivity of elevated preoperative basal 
IRP (threshold of 15 mmHg) in predicting long-term post-
operative dysphagia among the study population was 100% 
(95% CI 69.2–100%) given a negative predictive value 
(NPV) of 100% whereas specificity was 41.7% (95% CI 
25.5–59.2%) and positive predictive value (PPV) was 32.3% 
(95% CI 26.5–38.6%).

Additionally, both elevated mean wave amplitude 
(p = 0.006) and DCI (p = 0.047) were significantly, inversely 
correlated to post-Nissen dysphagia at long-term months 
of follow-up. DCI 1000 mmHg cm s (698–1303) among 
patients with 34-month dysphagia vs. 2361 mmHg cm s 
(1631–3091) among patients without dysphagia, p = 0.006. 
Mean wave amplitude 64.9  mmHg (55.3–74.5) among 
patients with 34-month dysphagia vs. 110 mmHg (91.9–128) 
among patients without dysphagia, p = 0.0014. UES mean 
basal pressure was significantly, positively correlated with 
worsened dysphagia at 34 ± 10.4 months of follow-up 
(p = 0.037). No significant association was noted between 
the remaining high resolution manometric parameters of 

Table 1  Preoperative HRM parameters for 52 patients

Mean (SD) Median (IQR) 5th percentile 95th percentile

GEJ
 Nares to proximal LES length, cm 41.1 (± 2.8) 41.6 (39.3–43.0) 36.2 46.0
 LES length, cm (normal 2.7–4.8) 3.5 (± 1.1) 3.5 (2.6–4.4) 1.7 5.3
 LES intraabdominal length, cm 1.5 (± 1.8) 1.3 (0–2.4) 0 3.6
 Basal LES mean integrated relaxation pressure, mmHg (normal 13–43) 20.5 (± 11.1) 21.1 (12.1–27.4) 2.1 38.8
 Residual LES mean integrated relaxation pressure, mmHg (normal < 15) 3.7 (± 4.7) 3.0 (1.3–5.5) − 3.5 13.6

Swallows evaluated @3.0–11.0 cm above LES
 Peristaltic % (velocity ≤ 6.25 cm/s) 93.4 (± 12.9) 100.0 (90.0–100.0) 61.6 100.0
 Simultaneous % (velocity ≥ 6.25 cm/s) (normal ≤ 10%) 1.0 (± 3.2) 0 0 10.0
 Hypotensive % 2.7 (± 9.0) 0 0 24.3
 Failed % (normal 0%) 2.9 (± 6.5) 0 0 20.5

Swallows evaluated @3.0 & 7.0 above LES
 Mean wave amplitude, mmHg (normal 43–152) 96.6 (± 47.3) 82.0 (62.1–128.8) 37.8 192.7
 Mean wave duration, s (normal 2.7–5.4) 4.0 (± 1.0) 3.8 (3.3–4.6) 2.6 6.5
 Double-peaked waves % (normal ≤ 15%) 6.5 (± 11.0) 0 (0–10.0) 0 26.4
 Triple-peaked waves % (normal 0%) 0 0 0 0
 Velocity (11.0–3.0 cm above LES), cm/s (normal 2.8–6.3) 3.7 (± 2.6) 3.5 (2.7–4.8) − 0.5 10.6

Distal contractile integral (mean), mmHg cm s (normal 500–4300) 1969 (± 1849) 1346 (823.4–2544) 351.6 5421
 Contractile front velocity, cm/s (normal 2.6–5.3) 3.6 (± 1.7) 3.3 (2.8–4.0) 1.6 6.1

UES
 Mean basal pressure, mmHg (normal 34–104) 73.2 (± 44.8) 64.0 (42.9–88.4) 27.5 165.5
 Mean residual pressure, mmHg (normal < 12) 0.4 (± 6.0) 0.1 (− 3.0–4.3) − 11.3 12.1
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LES length, CFV, or % failed peristalsis in predicting post-
operative dysphagia outcomes (Graph 1).

Relationship between basal LES IRP and dysphagia 
at 34 ± 10.4 months of follow-up, r = 0.57, p < 0.0001. 
Basal LES IRP 18.1 mmHg (14.8–21.4) w/the absence of 
34-month dysphagia and 29.9 mmHg (22.4–37.4) w/pres-
ence 34-month dysphagia, p = 0.0013.

Relationship between mean wave amplitude and dyspha-
gia at 34 ± 10.4 months of follow-up, r = − 0.40, p = 0.006. 
MWA 110 mmHg (91.9–128) w/the absence of 34-month 
dysphagia and 64.9 mmHg (55.3–74.5) w/the presence of 
34-month dysphagia, p = 0.0014.

Relationship between DCI and dysphagia at 34 ± 10.4 
months of follow-up, r = − 0.29, p = 0.047. DCI 2361 
mmHg cm s (1631–3091) w/the absence of 34-month dys-
phagia and 1000 mmHg cm s (698–1303) w/the presence of 
34-month dysphagia, p = 0.006.

Further correlation analysis of HRM parameters in rela-
tion to GERD quality of life scores demonstrated a signifi-
cant association between poor preoperative quality of life 
scores and worse quality of life scores at immediate post-
operative follow-up within 4 weeks (r = 0.35, p = 0.02), 
when controlled for preoperative dysphagia, age, gender, 
esophagitis (r = 0.33, p = 0.039). As with dysphagia, ele-
vated basal IRP was significantly associated with worse 
quality of life outcomes at long-term follow-up (r = 0.35, 
p = 0.018). UES mean basal pressure was significantly, 
positively correlated with worse quality of life at 34 ± 10.4 
months of follow-up (r = 0.412, p = 0.004).

Table 2  Pearson correlation between HRM parameters and post-fundoplication dysphagia, quality of life

Bold values indicate statistical significance p < 0.05

Comparison r value 95% CI p value (2 tailed)

LES length and long-term (34 months) dysphagia 0.217 − 0.078 to 0.477 0.148
Basal LES IRP and long-term (34 months) dysphagia 0.572 0.338 to 0.740 < 0.0001
Residual LES IRP and long-term (34 months) dysphagia 0.275 − 0.017 to 0.524 0.064
% Failed peristalsis and long-term (34 months) dysphagia − 0.058 − 0.342 to 0.236 0.702
Mean wave amplitude and long-term (34 months) dysphagia − 0.397 − 0.617 to − 0.121 0.006
DCI and long-term (34 months) dysphagia − 0.294 − 0.539 to − 0.004 0.047
CFV and long-term (34 months) dysphagia 0.191 − 0.105 to 0.456 0.203
UES mean basal pressure and long-term (34 months) dysphagia 0.308 0.019 to 0.549 0.037
Preop dysphagia and short-term (3 months) dysphagia 0.403 0.075 to 0.652 0.018
Preop dysphagia and long-term (34 months) dysphagia 0.415 0.135 to 0.634 0.005
Preop HRQL and immediate postop (< 4 weeks) HRQL 0.346 0.058 to 0.580 0.020
Basal LES IRP and long-term (34 months) HRQL 0.348 0.064 to 0.580 0.018
% Failed peristalsis and long-term (34 months) HRQL − 0.144 − 0.417 to 0.153 0.340
DCI and long-term (34 months) HRQL − 0.236 − 0.493 to 0.058 0.115
UES mean basal pressure and long-term (34 months) HRQL 0.412 0.138 to 0.627 0.004
Preop HRQL and long-term (34 months) HRQL 0.185 − 0.115 to 0.454 0.224

Graph 1  Relationship of basal IRP, mean wave amplitude, and DCI with long-term dysphagia
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Discussion

Despite higher fidelity sensors with HRM compared to 
conventional manometry, manometric evaluation remains 
a relatively poor predictor of postoperative dysphagia risk 
stratification among laparoscopic Nissen fundoplication 
patients. Predicting susceptibility to post-fundoplication 
dysphagia in relation to pre-existing clinical variation in 
esophageal function including pressure and bolus move-
ment spatiotemporal relationships is inherently challeng-
ing. The findings of this retrospective analysis demonstrate 
a significant association between elevated basal LES IRP 
and worsened severity of long-term post-Nissen dyspha-
gia. Furthermore, patients with long-term dysphagia had 
lower distal contractile integral and mean wave amplitudes 
than patients without dysphagia. A potential mechanism 
for this finding may include the exacerbation of pre-
existing elevated basal IRP by fundoplication-induced 
increased resistance at the EGJ. Of note, low or normal 
basal IRP in the preoperative setting was a reliable pre-
dictor of the absence of long-term postoperative dyspha-
gia thus demonstrating the high sensitivity of basal IRP 
for post-Nissen dysphagia. Therefore, augmentation of a 
manometrically intact LES may induce postoperative dys-
phagia secondary to impaired LES relaxation that is most 
clinically evident at long-term follow-up of up to 3 years 
postoperatively.

Also, limited vigor of peristaltic contraction with 
reduced DCI and mean wave amplitude further contrib-
utes to such postoperative dysphagia likely due to inability 
to overcome LES pressure. Nevertheless, the remainder 
of novel HRM metrics such as CFV and failed peristal-
sis have no demonstrable influence on surgical outcome. 
Preoperative manometry is often indicated to rule out 
contraindications to anti-reflux surgery such as alternate 
diagnoses of severe motility disorders including acha-
lasia, scleroderma, and aperistalsis. However, such non-
GERD etiologies of dysphagia are justifiably identified 
with a detailed history of symptomatology suggestive of 
an esophageal motility disorder. Subclinical esophageal 
dysfunction discovered on preoperative manometry may 
manifest as prolonged dysphagia postoperatively as an 
inherent function of the hiatal anatomic alterations cre-
ated by a fundoplication.

In concordance with our findings, multiple studies have 
noted the impact of elevated IRP and impaired LES relaxa-
tion as a predictor of dysphagia after fundoplication. Mar-
joux et al. demonstrated that the only manometric param-
eter significantly associated with postoperative dysphagia 
was elevated postoperative IRP at 2–3 months following 
laparoscopic Nissen-Rossetti fundoplication in 21 patients 
(5.1 mmHg without vs. 10.2 with dysphagia, p < 0.02) [5]. 

Elevated EGJ resting pressures and IRPs have been dem-
onstrated as expected post-fundoplication manometric 
changes [19, 23]. IRP and DCI ranges are higher following 
Nissen (5.1–24.4 mmHg, 357–4947 mmHg s cm, respec-
tively) than after Toupet fundoplication (3.1–15.0 mmHg, 
68–2177 mmHg s cm, respectively) [23]. Such impaired 
LES relaxation and enhanced vigor of esophageal con-
traction is likely secondary to circular muscle adaptation 
to overcome elevated EGJ pressures at relaxation. This 
compensatory elevation of intrabolus pressure to augment 
compression has been reported as an adaptive response to 
increased outflow resistance with restricted hiatal diameter 
[15].

Residual IRP greater than 15 mmHg (upper limit of nor-
mal) in the absence of diagnostic criteria for achalasia and 
clear esophageal body peristalsis is indicative of EGJ out-
flow obstruction. In contrast to conventional manometry, 
IRP is a novel metric which distinguishes the contribution 
of LES pressure and the crural diaphragm on intraluminal 
EGJ pressure [15, 22]. Special distinction should be made 
between residual and basal IRP. Basal IRP is the lowest 
mean LES pressure recorded for 4 s in the first 10 s after 
swallowing, while residual IRP is the resting LES pressure 
between swallows.

Similar to the findings of our study, Wilshire et  al. 
reported significantly greater basal IRP values (16.2 vs. 
11.1 mmHg, p = 0.05) among symptomatic compared to 
asymptomatic post-Nissen patients with dysphagia [24]. 
Elevated postoperative relaxation pressures, preoperative 
dysphagia, and female gender were independently associ-
ated with postoperative dysphagia [24]. Therefore, such 
post-Nissen dysphagia is often considered a result of the 
functional abnormality of increased residual pressure and 
failure of complete LES relaxation in the post-fundoplica-
tion hiatus. More recently, in a retrospective review of 43 
patients, Yamamoto et al. also demonstrated that higher IRP 
values on HRM are associated with post-Nissen fundoplica-
tion dysphagia (p = 0.049) [18].

Furthermore, parallel with our study, evidence of pre-
operative dysphagia serves as an independent predictor of 
postoperative dysphagia. Wilshire et al. demonstrated that 
post-Nissen patients experiencing dysphagia were twice as 
likely to have experienced preoperative dysphagia [24]. Sim-
ilarly, Montenovo et al. reported that 77% of post-fundopli-
cation dysphagia patients had pre-existing dysphagia prior 
to surgery whereas 23% had new onset dysphagia, p < 0.01 at 
median follow-up of 18 months [11]. In contrast, in a retro-
spective study of 276 patients who underwent either total or 
partial fundoplication, Fumagalli et al. found no correlation 
between preoperative and postoperative persistent dysphagia 
(p = 0.067) [9].

While concordant with existing literature, our study is 
limited by the retrospective design and relatively small 
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sample size of female-predominant patients available for 
analysis which inevitably limits power. In the setting of a 
heterogeneous patient population amidst the predominant 
use of a Nissen fundoplication approach, the underlying ana-
tomic and physiologic cause of post-Nissen dysphagia var-
ies among individual patients limiting the ability to define 
a single manometric parameter that universally predicts 
surgical outcome. The lack of consensus of scoring post-
fundoplication dysphagia inherently impacts comparability 
of studies. Despite these limitations, our analyses demon-
strate that an individual’s risk of developing postoperative 
dysphagia is significantly related to preoperatively impaired 
LES relaxation with swallowing whereas preoperative nor-
mal LES relaxation is associated with the absence of post-
Nissen dysphagia.

Recorded values of DCI and MWA on preoperative 
manometry fell in the lower “normal” range for many 
patients who developed postoperative long-term dysphagia. 
These values may not be “normal” for patients undergoing 
Nissen fundoplication, and surgeons should proceed with 
some caution when offering anti-reflux surgery to these 
patients with borderline low values of DCI and MWA. This 
is also reflected in the relatively weaker correlation relation-
ships ascertained between DCI, MWA, and postoperative 
dysphagia.

A main outcome for anti-reflux surgery is how GERD 
impacts a patient’s quality of life. We obtained a quality 
of life score utilizing the validated GERD-HRQL ques-
tionnaire. Interestingly, dysphagia was not associated with 
a worse quality of life for patients in our study. The only 
preoperative parameter predictive of worse quality of life 
outcomes was preoperative upper esophageal sphincter 
basal pressure. It is possible that those patients with preop-
erative globus sensation or other atypical symptoms might 
have worse quality outcomes as the underlying cause of the 
symptoms may persist even after anti-reflux surgery.

Further clinical research is required to define the role 
of HRM in preoperative evaluation of the fundoplication 
patient. Among these include in-depth application of HRM 
metrics such as the presence of small (2–5 cm) and large 
breaks (> 5 cm length) in peristalsis as well as means for 
enhancing the diagnostic yield of HRM with multichannel 
intraluminal impedance manometry to evaluate effectiveness 
of bolus clearance, multiple rapid swallows to determine 
peristaltic reserve, and solid test meal to fully challenge 
esophageal function [4, 11, 22, 25].

Selective application of manometry in the setting of a 
positive history of dysphagia, odynophagia, or abnormal 
motility on videofluoroscopy preoperatively in 628 patients 
prior to anti-reflux surgery demonstrated no impact on surgi-
cal approach, cost savings of 615,600 USD, and 0.8% persis-
tent postoperative dysphagia rate [26]. The selective use of 
preoperative manometry has been advocated as reserved for 

patients with a history of dysphagia, atypical GERD symp-
toms, and poor response to PPI therapy [7]. While tailoring 
the anti-reflux procedure to specific anatomic or functional 
esophageal abnormalities has been refuted by multiple stud-
ies,[1, 14, 27] further evaluation of the impact of surgical 
modifications to limit adverse complications is needed. 
Among these include minimizing extensive dissection for 
crural exposure as well as potential intraoperative manom-
etry to titrate IRP to acceptable ranges among patients with 
impaired LES relaxation at baseline [1, 8]. Further evalu-
ation of the effect of partial vs. total fundoplication with a 
particular focus among those patients with elevated preop-
erative basal IRP is indicated especially amidst the highly 
sensitive metric of IRP.

In summary, our study demonstrates that post-Nissen 
fundoplication dysphagia is independent of most preopera-
tive manometry findings with the exception of impaired LES 
relaxation, reduced vigor of peristaltic contraction, and lim-
ited mean wave amplitude, all of which were significantly 
associated with dysphagia on long-term follow-up at approx-
imately 3 years. Esophageal manometric findings of peristal-
tic or LES dysfunction have relatively limited applicability 
to select a total vs. partial fundoplication operative approach. 
Ultimately, fundoplication is rooted in a need to balance the 
risk of recurrent reflux with adverse sequela of dysphagia 
both of which have significant quality of life implications.
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