
Neurogastroenterology & Motility. 2019;31:e13632.	 wileyonlinelibrary.com/journal/nmo	   |  1 of 8
https://doi.org/10.1111/nmo.13632

© 2019 John Wiley & Sons Ltd 

 

Received: 4 December 2018  |  Revised: 7 May 2019  |  Accepted: 7 May 2019
DOI: 10.1111/nmo.13632  

O R I G I N A L  A R T I C L E

Effect of citalopram on esophageal motility in healthy 
subjects—Implications for reflux episodes, dysphagia, and 
globus

Anastassios C. Manolakis1,2 |   Charlotte Broers1 |   Hannelore Geysen1 |   Nick Goelen1 |   
Brecht Van Houtte1 |   Nathalie Rommel3  |   Tim Vanuytsel1,4  |   Jan Tack1,4  |   
Ans Pauwels1

1Translational Research Center for 
Gastrointestinal Disorders (TARGID), 
Department of Chronic Diseases, 
Metabolism and Ageing, KU Leuven, Leuven, 
Belgium
2Department of 
Gastroenterology, University Hospital of 
Larissa, Larissa, Greece
3Experimental Oto‐Rhino‐Laryngology, 
Department of Neurosciences, 
Deglutology, KU Leuven, Belgium
4Department of Gastroenterology and 
Hepatology, University Hospitals Leuven, 
Leuven, Belgium

Correspondence
Jan Tack, Division of Gastroenterology, 
University Hospital Leuven, Herestraat 49, 
B‐3000 Leuven, Belgium.
Email: jan.tack@kuleuven.be

Funding information
The study was supported by a Methusalem 
grant from KU Leuven to Prof Tack. TV is a 
senior clinical investigator of the Research 
Foundation Flanders (FWO). AP is funded as 
a postdoctoral researcher by the Research 
Foundation Flanders (FWO). ACM is a 
Hellenic Society of Gastroenterology grant 
holder.

Abstract
Background: Drugs such as citalopram, “targeting” the serotonin pathway, can alter 
esophageal mechano‐chemical sensitivity and gastrointestinal motility. The aim of this 
study was to clarify the effect of citalopram on esophageal motility and sphincter 
function, transient lower esophageal sphincter relaxations (TLESRs), and reflux events.
Methods: Sixteen healthy volunteers (HV) receiving 20 mg citalopram or placebo 
intravenously, in a randomized cross‐over fashion, underwent two high‐resolution 
impedance manometry studies involving liquid swallows and a high‐fat, high‐caloric 
meal. Manometric, reflux, and symptom‐related parameters were studied.
Key Results: A lower distal contractile integral was recorded under citalopram, com‐
pared with placebo (P = 0.026). Upper esophageal sphincter (UES) resting pressure was 
significantly higher after citalopram administration throughout the study (P < 0.05, all 
periods). Similarly, the UES postswallow mean and maximum pressures were higher 
in the citalopram condition (P < 0.0001, in both cases) and this was also the case for 
the 0.2 s integrated relaxation pressure (P = 0.04). Esophagogastric junction resting 
pressures in the citalopram visit were significantly higher during swallow protocol, 
preprandial period, and the first postprandial hour (P  <  0.05, in all cases). TLESRs 
and total reflux events were both reduced after citalopram infusion (P = 0.01, in both 
cases). During treatment with citalopram, five participants complained about globus 
sensation (P = 0.06). This citalopram‐induced globus was associated with higher UES 
postswallow mean and maximum pressure values (P = 0.01 and P = 0.04, respectively).
Conclusions and Inferences: Administration of citalopram exerts a diversified re‐
sponse on esophageal motility and sphincter function, linked to clinically relevant 
phenomena: a reduction in postprandial TLESRs and the induction of drug‐induced 
globus.
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1  | INTRODUC TION

Occupying a fair amount of gastroenterologists' every day prac‐
tice worldwide, gastroesophageal reflux disease (GERD) remains a 
challenge due to a high prevalence and a rather demanding manage‐
ment.1 Although reflux of gastric contents into the esophagus is, to 
a certain degree, physiological, GERD represents a pathological con‐
dition accompanied by various symptoms (eg, heartburn, regurgita‐
tion, chronic cough, hoarseness), mucosal damage (esophagitis and 
strictures), and potential evolution to metaplasia and malignancy.2,3 
The mainstream therapy for GERD, proton pump inhibitor (PPI) use, 
meant to reduce gastric acid secretion and overall quantity of the 
acidic refluxate, although largely effective4 fails to control symp‐
toms in 10%‐40% of patients.5,6 For these refractory patients with 
GERD, other strategies have been utilized, varying from pharmaco‐
therapy to antireflux surgery.5,6 In the pharmaco‐therapeutic field, 
research has focused on the reduction of transient lower esophageal 
sphincter relaxations (TLESRs), the main mechanism underlying re‐
flux.6 TLESRs are not triggered by swallowing and occur mainly post‐
prandially allowing reflux of ingested air and gas during belching.7 
They seem to be induced by gastric distension through mechanore‐
ceptor activation in the proximal stomach and vago‐vagal pathway 
involvement, resulting in release of nitric oxide at the level of lower 
esophageal sphincter (LES).8-10 Although TLESR frequency is similar 
in GERD and health, the selectivity of TLESRs to gas reflux is lost in 
patients and liquid reflux is more likely to occur.11,12

Based on these observations, several studies evaluated the 
effect of pharmacologic agents on TLESRs and, consequently, on 
GERD. For example, γ‐aminobutyric acid‐B (GABA‐B) receptor ago‐
nists and metabotropic glutamate receptor type 5 (mGLUR5) antag‐
onists can increase postprandial LES pressure, inhibit TLESRs, and 
reduce reflux events.13,14 The effect on reflux symptoms, however, 
was variable and limited.14-22 It seems that, although these drugs 
inhibit neurotransmission in the vago‐vagal reflex pathways con‐
trolling TLESRs, parallel pathways using multiple neurotransmitters 
also exist.

Such a candidate pathway is that of serotonin (5‐hydroxytrypt‐
amine, 5HT) regulating sensory and motor functions both centrally 
and peripherally.23 Cisapride, a 5HT4 receptor agonist, originally used 
for GERD and gastroparesis, enhances LES pressure. Lintopride, a 
5HT3/5HT4 receptor agonist, can increase LES basal tone and am‐
plify esophageal peristalsis.24-26 Furthermore, buspirone, a 5HT1A 
receptor agonist, can increase LES pressure and esophageal peristal‐
tic vigor.27 On the other hand, sumatriptan, a 5HT1B/5HT1D receptor 
agonist, increases the frequency of postprandial TLESRs and reflux, 
despite an increase in postprandial LES pressure.28,29

Other serotoninergic pharmacologic agents, such as citalopram, 
a selective serotonin reuptake inhibitor (SSRI) enhancing the avail‐
ability of physiologically released 5HT,30,31 have been shown to 
reduce esophageal hypersensitivity.32,33 Acute administration of 
citalopram modified human esophageal mechano‐chemical sensi‐
tivity,32 induced gastric relaxation, altered gastric emptying, and 
triggered gastroduodenal phase 2 contractions.34,35 Interestingly, 

although the therapeutic effects of SSRIs become evident on a 
long‐term basis, side effects such as dysphagia and globus sensa‐
tion appear more acutely.36,37 SSRIs, ao citalopram, are often the 
last resort in patients with refractory GERD; however, the only 
available studies are based on the symptom pattern. The acute 
effects of citalopram on LES function have not been elucidated. 
Bearing these in mind, the aim of the current study was to evaluate 
the effect of acute citalopram administration on esophageal motil‐
ity, LES function and, subsequently, on TLESRs and reflux events in 
healthy subjects.

2  | MATERIAL S AND METHODS

2.1 | Study population

For the present study, 16 healthy volunteers (HV) were recruited: 
eight males and eight females. Exclusion criteria were as follows: 
history of upper gastrointestinal (GI) symptoms or GI surgery, psy‐
chological disorders, history of drug use, any medication use, and 
smoking and pregnant or nursing women. Mean (±SEM) age, BMI, and 
waist‐to‐hip ratio (WHR) of study participants were 23.9 ± 0.36 years, 
23.9 ± 0.73 kg m−2, and 0.86 ± 0.01, respectively.

2.2 | Study description

All subjects underwent two study days, at least one week apart, 
with administration of citalopram or placebo in a double‐blind 
cross‐over fashion. The volunteers were fasted for at least 12 h be‐
fore the study and refrained from alcohol and caffeine for the same 
period. A high‐resolution impedance manometry (HRiM) catheter 
(Unisensor AG) incorporating 36 pressure sensors, spaced either 
at 2 cm—stomach and esophagus—or at 1 cm—LES and upper es‐
ophageal sphincter (UES)—and 16 impedance channels throughout 
the esophagus, was placed transnasally, after topical anesthesia 
with lidocaine gel (Xylocaine 2%, Astra Zeneca). High‐resolution 

Key Points
•	 Serotoninergic drugs altering lower esophageal sphinc‐
ter (LES) function have been used in gastroesophageal 
reflux disease (GERD) management. The effect of citalo‐
pram, a selective serotonin reuptake inhibitor, on esoph‐
ageal motility and LES as well as its antireflux potency, 
remains obscure.

•	 Citalopram alters esophageal motility and sphincters' 
function, and induces favorable (reflux reduction) or un‐
favorable (induction of globus) outcomes.

•	 The citalopram‐induced esophageal motility and sphinc‐
ter changes suggest possible implications for GERD 
management and offer insight into the pathogenesis of 
globus.
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manometry (HRM) was used to record pressure variations in the 
UES, esophagus, LES, and stomach. The impedance channels were 
used to measure bolus movement, as well as to detect and char‐
acterize reflux episodes. Throughout the study, all subjects main‐
tained a semi‐recumbent position. Following a 10‐min stabilization 
period after the placement of the catheter, 20 mg of citalopram 
(0.5 mL) (Cipramil, Lundbeck) or placebo (0.5 ml saline) was admin‐
istered iv over 30 min, using 100 mL saline 0.9% NaCl as vector, in 
a double‐blind randomized controlled fashion (see Figure 1). The 
therapeutic dose range of citalopram is between 10 and 60 mg d−1. 
For the present study, a dose of 20 mg was selected, so that any 
observed effects would be exerted through enhanced release of 
serotonin, with subsequent 5HT‐receptor activation, and not via 
non‐serotoninergic mechanisms.34 Upon iv infusion, peak plasma 
levels are reached after 30  min and stable concentrations are 
maintained for at least 2 hours.35,38 A randomization scheme was 
developed by an experienced researcher of our laboratory using 
Internet‐based software (www.rando​mizat​ion.com), and this same 
person prepared citalopram or placebo solutions during the study. 
In this way, the investigator performing the study was blinded 
until the entire study had ended. Because citalopram can cause 
prolongation of the QTc interval, resulting in arrhythmia,39 HV 
were screened during first visit by means of an electrocardio‐
gram. Fifteen minutes after the infusion, subjects were given 10 
wet swallows of 5  ml saline and one multiple rapid swallow se‐
quence (MRS) of 5 × 2 ml saline, to study esophageal peristalsis. 
Thereafter, a thirty‐minute recording took place followed by inges‐
tion of a high‐carbohydrate and high‐fat meal of 1000 kcal (mashed 
potatoes, meatloaf, and apple sauce), followed by a 2 hours post‐
prandial recording.

2.3 | Study parameters

The parameters studied and included for analysis were as follows: 
UES resting pressure before, during, and after swallowing protocol, 
UES pressure immediately after swallowing/UES re‐closure (UES 
postswallow mean and maximum pressure), as higher postswallow 
residual pressures have been associated with globus in a previous 
study,40 UES postprandial pressure, UES integrated relaxation pres‐
sure (IRP) 0.2 seconds, distal contractile integral (DCI), distal latency 
(DL), contractile front velocity (CFV), esophagogastric junction (EGJ) 
IRP4s, EGJ resting pressure before, during, and after swallowing pro‐
tocol, EGJ resting pressure during first and second postprandial hour 

(all referenced to intragastric pressure (IGP)), postprandial IGP, num‐
ber of TLESRs, and reflux episodes. Throughout the study, the sen‐
sations of fullness, nausea, belching, satiety, hunger, and heartburn 
were measured every 15  minutes using validated 100‐mm visual 
analogue scales (VAS). During swallows and immediately after meal 
ingestion, HV were asked to describe deglutition as being normal, 
painful, slow, stepwise, obstructed, as well as to note and report ad‐
ditional irregular sensations, for example, xerostomia, globus sensa‐
tion. Globus sensation (the sensation of an irritating foreign body 
in the throat) was evaluated throughout both studies (citalopram or 
placebo) and was coded in a binary manner.

2.4 | Data analysis tools

All HRiM recordings were analyzed by one of the researchers 
(ACM) in a blinded fashion, using dedicated software (Medical 
Measurement System). For assessment of esophageal motility, the 
Chicago 3.0 classification was used.41 Mean UES and EGJ rest‐
ing pressures for the swallowing protocol were measured utilizing 
QUICKVIEW, the MMS ambulatory measurement and analysis soft‐
ware 9.3d. As the values for UES resting pressures before and after 
swallowing protocol (all preprandial values) were almost identical 
(P = 0.89 for UES resting pressures between before the swallowing 
protocol and the preprandial period), they were averaged to gener‐
ate a single preprandial mean. This was also the case for the EGJ 
resting pressures (P  =  0.9 for EGJ resting pressures between be‐
fore the swallowing protocol and the preprandial period) before and 
after the swallowing protocol, so values here were also averaged. 
Postswallow UES mean and maximum pressure were measured 
manually by “pinpointing” and averaging values within the area of 
interest (UES,) at the 1 seconds interval adjacent to UES relaxation 
margin re‐closure. Pre‐ and postprandial EGJ resting pressures were 
calculated by averaging values measured relative to IGP, at end‐ex‐
piration every minute, provided that the measurement was stable 
and no TLESR or swallow occurred. TLESRs were identified using 
established criteria: (a) the absence of pharyngeal swallowing for 
4 seconds before to 2 seconds after the onset of EGJ relaxation; (b) 
relaxation rate of ≥1 mm Hg s−1; (c) time from the onset of relaxa‐
tion to complete relaxation of ≤10 seconds; and (d) nadir pressure of 
≤2 mm Hg. Esophagogastric junction relaxations lasting longer than 
10 seconds were also classified as TLESR, irrespective of the timing 
of swallowing onset.42 Gastroesophageal liquid reflux was identi‐
fied as an orally progressing drop in impedance to at least 50% of 
baseline values, starting at the most distal segment and propagating 
to at least 5 cm proximal of the EGJ. Gas reflux was identified as an 
increase in impedance over 5000  Ω.43 Reflux episodes with com‐
bined gas–liquid component were classified as mixed.

For the determination of IGP, a previously described methodol‐
ogy was used.44,45 In brief, pressure values from the first five pres‐
sure channels that were clearly positioned below the EGJ or the 
pressure area influenced by the EGJ (approximately 3‐8 cm under 
the EGJ) were used to create means corresponding to different time 
points. Mean IGP values were plotted over time. The parameter of 

F I G U R E  1  Schematic representation of study protocol
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interest, that is postprandial IGP, was calculated using the area under 
the plotted curve for the relevant period.

2.5 | Statistical analysis

Values are expressed as mean ± SEM or median (interquartile range) 
depending on whether they passed or not the Shapiro–Wilk normal‐
ity test. The paired t test was used for the comparison of IRP4s, DCI, 
CFV, DL, IRP0.2s, UES postswallow metrics, and postprandial IGP, 
between the drug and placebo studies. TLESRs and symptom scores 
were compared with a Wilcoxon matched pairs signed‐rank test. 
TLESR occurrence during first and second postprandial hour was com‐
pared between citalopram and placebo studies using McNemar's test. 
Symptom score variations over time were assessed by a Friedman test 
with Dunn's post hoc tests. Changes regarding UES, LES pressure be‐
tween different periods (swallow, preprandial, postprandial during first 
and second hour after meal) were evaluated using one‐ or two‐way 
analysis of variance (ANOVA) for repeated measures and Bonferroni 
correction. For reflux parameters comparison, McNemar's and an SAS 
general linear model procedure with binary outcomes were used. A 
P‐value < 0.05 was considered to be statistically significant. Although 
the paired, randomized, cross‐over design of the study confers to 
the robustness of results exceeding the threshold of statistical sig‐
nificance, multivariate testing considering carryover effects—despite 
the presence of only two major groups (citalopram and placebo) and 
an adequate wash‐out period—was performed using an SAS mixed 
procedure model. For postprandial IGP comparisons, the area under 
the curve (AUC) was used. Statistical analysis was performed using 
GraphPad 5, MedCalc 11.2.0.0, and SAS 9.3 software packages.

2.6 | Ethical considerations

The study was approved by the UZ Leuven ethics committee 
(S59148). All study participants signed a detailed informed consent 
form, prior to study initiation (NCT03746691).

3  | RESULTS

3.1 | Effect of citalopram on UES function

UES resting pressure values in HV when treated with citalopram were 
65.6 ± 6.2 mm Hg during the swallowing protocol, 40.8 ± 4.4 mm Hg 
for the preprandial, and 40.2 ± 4.4 mm Hg for the postprandial pe‐
riod. For the placebo visit, the UES metrics were 42.9 ± 3.9 mm Hg 
during swallowing sequence, 32.9 ± 4.8 mm Hg during preprandial 
period, and 32.8 ± 5.0 during postprandial period. Upper esophageal 
sphincter resting pressure was significantly higher after citalopram 
administration throughout the study period (P  <  0.05 in all study 
periods). Both UES postswallow mean pressure and UES postswal‐
low maximum pressure were higher in the citalopram compared with 
the placebo condition: 165.2 ± 10.8 mm Hg vs 111.4 ± 10.15 mm Hg 
and 252.5 ± 19.1 mm Hg vs 159.3 ± 16.2 mm Hg, respectively (both 
P  <  0.0001, Figure 2A). As for the relaxation of UES, the median 

IRP0.2s was 3.4 mm Hg (2‐4.4) for the citalopram and 1 mm Hg 
(0.4‐3.6) for the placebo visit (P = 0.04, Figure 2B). Figure 3 gives an 
example of a HRiM swallow in placebo and citalopram.

3.2 | Effect of citalopram on esophageal 
motility parameters

A significantly lower DCI was recorded under citalopram con‐
dition (506  ±  117  mm  Hg  seconds  cm) compared with placebo 
(644 ± 138 mm Hg seconds cm) (P = 0.026). Distal latency was com‐
parable between the two groups: 7.1 ± 0.3 seconds and 7.3 ± 0.3 sec‐
onds for the drug and placebo visit, respectively (P = 0.18).

3.3 | Effect of citalopram on EGJ function

EGJ resting pressures under citalopram were 27.9 ± 3.6 mm Hg during 
swallowing protocol, 20.3 ± 1.9 mm Hg preprandially, 14.1 ± 1.6 mm Hg 
during first postprandial hour, and 13.6 ± 1.6 mm Hg during the sec‐
ond postprandial hour (P < 0.01 between swallowing vs. postprandial 
periods and preprandial vs. postprandial periods). Esophagogastric 
junction resting pressure during treatment with placebo was 
21.7 ± 3.16 mm Hg for the swallowing sequence, 15.9 ± 1.62 mm Hg 
preprandially, 11.8  ±  1.2  mm  Hg during first postprandial, and 
13.0 ± 1.7 mm Hg during second postprandial hour, with only the dif‐
ference between swallowing and first or second postprandial periods 

F I G U R E  2  Upper esophageal sphincter (UES) pressure 
fluctuations between citalopram and placebo visits: (A) UES 
mean (citalopram 165.2 ± 10.8 vs. placebo 111.4 ± 10.15 mm Hg, 
P < 0.0001) and maximum (max) (citalopram 252.5 ± 19.1 vs. 
placebo 159.3 ± 16.2 mm Hg, P < 0.0001) pressure values adjacent 
to UES re‐closure after swallow (postswallow). (B) Difference 
in integrated relaxation pressure 0.2 seconds (IRP0.2) values 
(citalopram 3.4 (2–4.4) vs. placebo 1 (0.4–3.6) mm Hg, P = 0.04)



     |  5 of 8MANOLAKIS et al.

reaching statistical significance (P  <  0.01). Esophagogastric junction 
resting pressures in the citalopram visit were significantly higher in the 
swallowing, preprandial, and first postprandial hour periods (P < 0.04, 
in all cases) but not in the second postprandial hour (P = 0.6), com‐
pared with the placebo visit (Figures 3 and 4). IRP4s was similar be‐
tween citalopram (9.4 ± 1.4 mm Hg) and placebo (8.5  ± 1 mm Hg) 
studies (P = 0.4).

3.4 | Effect of citalopram on TLESRs and 
reflux parameters

The median number of TLESRs was 5 (4‐7.6) vs 7.5 (6.6‐10.7) in 
the citalopram and placebo conditions, respectively (P  =  0.01, 
Figure 5). TLESRs occurred more frequently during the first com‐
pared with the second postprandial hour both for citalopram and 
placebo studies: 3.5 (2‐5.5) vs 2 (1‐3) and 5 (4‐6.8) vs 2.5 (1‐5), re‐
spectively (P < 0.01, in both cases; but no difference between the 
treatment groups (P = 0.28)). A decreased number of postprandial 
reflux episodes were recorded after citalopram compared with pla‐
cebo: 4.6 (3.8‐7.3) vs 7.2 (6.1‐10.3) (P = 0.01). No difference in prox‐
imal extent of reflux was found between citalopram and placebo 
studies: 70.8% vs 68.2% for proximal and 29.2% vs 31.8% for distal 
extent (P > 0.1). Similarly, no differences were recorded between 
citalopram and placebo visits when the type of refluxate was taken 
into account: 66.6% vs 48.5% for mixed, 4% vs 9.1% for pure gas, 
and 29.2% vs 42.4% for pure liquid reflux, respectively (P > 0.1).

3.5 | Effect of citalopram on postprandial IGP

Postprandial IGP, reported as AUC, was 304.6 ± 41.3 in the citalo‐
pram condition and 340.2 ± 49.7 after placebo infusion (P = 0.46).

3.6 | Association of citalopram with VAS scores and 
swallow‐related sensations

Different symptoms were examined by comparing VAS scores be‐
tween citalopram and placebo infusion studies. No significant dif‐
ferences or statistical trends were recorded between citalopram 
and placebo visits (P > 0.1 in all cases) for the VAS‐scored symptoms 

(Table 1). VAS scores for postprandial fullness and satiety decreased 
over time (P < 0.001) while a gradual increase was recorded for hun‐
ger (P = 0.06). Similarly, no significant differences were recorded be‐
tween citalopram and placebo studies while evaluating deglutition 
sensations (P > 0.1), with the exception of globus. During treatment 
with citalopram, five HVs reported a globus sensation compared 
with none of the HV during placebo visit (P = 0.06). HVs with citalo‐
pram‐induced globus had UES postswallow mean values within the 

F I G U R E  3  Example of a swallow in (A) placebo condition and (B) citalopram condition

F I G U R E  4   Comparative graphic representation of lower 
esophageal sphincter (LES) pressure within and between visits. 
*P < 0.05

F I G U R E  5  Median number of TLESRs was significantly lower 
in the citalopram condition compared with the placebo condition. 
*P = 0.01
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two higher quartiles (P = 0.01) and UES postswallow maximum pres‐
sure in the highest quartile (P = 0.04). No correlation was detected 
between globus sensation and UES resting pressures (swallow‐re‐
lated, pre‐ and postprandial or the IRP0.2s (P = 0.8, P = 0.2, P = 0.18 
and P = 0.6, respectively).

3.7 | Overall model assessment and adjustment

Despite the presence of only two major groups (citalopram and pla‐
cebo) and the presence of an adequate wash‐out period, the study 
was examined for potential carryover/order effects by evaluating 
each HV, at each period while co‐factoring outcome, treatment, 
patient code, and sequence, in an SAS mixed procedure or general 
model for binary outcomes. During this re‐evaluation, no order ef‐
fects were detected (P > 0.2 in all cases).

4  | DISCUSSION

Based on the present study, acute administration of citalopram exerts 
a multifarious response on esophageal motility and sphincter func‐
tion. A decrease in peristaltic vigor of the esophagus was induced by 
citalopram infusion. At the same time, an increased muscular tone in 
UES and LES was recorded, also accompanied by reduction of UES 
relaxation during swallowing, as well as a more pronounced posts‐
wallow after‐contraction. The recorded changes in sphincter metrics 
led to onset of globus sensation in some subjects, on one hand, and 
a decrease in postprandially occurring TLESRs, on the other. These 
changes were unrelated to any other subjective sensations.

The increase in LES tone after administration of the SSRI citalo‐
pram did not come as a surprise, as earlier studies have linked drugs 
acting on 5HT‐receptors with higher LES pressure values.24-27 In our 
study, although the ability of the LES to relax was maintained, citalo‐
pram infusion led to higher LES resting pressures extending from the 
preprandial period until the first postprandial hour. In that concept, it 
would be reasonable to assume that the TLESRs should mostly occur 
during the second instead of the first postprandial hour since this 
is when LES pressures between citalopram and placebo were not 
different. That, however, would be an oversimplified approach, as 
gastric content volume—a high‐fat, high‐caloric meal in this study—is 
maximal after meal ingestion and gradually decreases due to gastric 

emptying,46 a fact also depicted in VAS scores concerning fullness 
and satiety, which decrease over time.

Another parameter that could be involved in postprandial TLESR 
decrease is gastric accommodation. An enhanced gastric accommo‐
dation, determined through barostat or IGP‐based studies, has been 
associated with fewer TLESRs47 and could be induced by neuro‐
modulating pharmacologic substances such as buspirone, a 5‐HT1A 
receptor agonist.48 Citalopram has previously been associated with 
decreased gastric accommodation,34 a finding that was not replicated 
by the IGP profiles in the present study as postprandial IGP measure‐
ments were not different between citalopram and placebo visits. This 
discrepancy may reflect differences in methodology, for example 
1000 kcal meal and HRiM instead of a 300 kcal nutrient drink and 
IGP measurement instead of barostat,34 between the two studies.

Apart from its effect on the esophagogastric junction, citalo‐
pram seems to alter esophageal motility: citalopram infusion led to 
a decrease in DCI or in other words to a weaker esophageal con‐
tractility. This is in contradiction to an older study utilizing classic 
water‐perfused manometry, where no significant changes in motil‐
ity metrics were recorded.32 The use of HRiM and DCI, a parameter 
incorporating and integrating three variables (pressure, length and 
time) into one, has probably optimized detection of such alterations 
in the present study. When combining this finding to the increased 
LES pressure, it is not surprising that dysphagia‐related symptoms 
also manifest as side effects in patients under serotoninergic com‐
pounds such as SSRIs.36,49,50 This observation also highlights the 
complexity behind the diverse and often contradictory effects of 
5HT‐receptor agonists, probably through binding to different re‐
ceptors.23-39 Dysphagia, however, may not solely arise from the 
esophagus or the LES but from a more proximal site, as well.

The myotonic effect of citalopram is not confined to the LES, 
with similar changes being observed in UES‐related metrics. Indeed, 
an increase in UES resting pressure occurs, after citalopram admin‐
istration, also accompanied by a compromise in UES relaxation de‐
picted in the higher IRP0.2s values recorded in this study. Following 
the impaired resting and relaxation period, an enhanced after‐con‐
traction occurs and is recorded as increased postswallow mean and 
maximum pressure amplitudes. This amplified postswallowing phase 
was well associated with the manifestation of pharmacogenetic glo‐
bus sensation in HV. This finding is in accordance with the study of 
Peng et al,40 as well as with preliminary unpublished data from our 
study group, showing that an intense UES after‐contraction follow‐
ing swallows may be a key feature in globus patients.

Other sensations and phenomena were also assessed throughout 
the study such as hunger, satiety, fullness, reflux, and nausea. Apart 
from the already described decrease in hunger and the increase in 
satiety and fullness scores over time, no other significant differences 
were found, either during the same or between citalopram and pla‐
cebo visits. This was also the case, when the recorded changes in 
esophageal motility and sphincter function, recorded in the present 
study, were evaluated while considering the same set of symptoms.

Based on the results presented and discussed above, a ques‐
tion arises: can citalopram be used for favorable control of TLESRs, 

TA B L E  1  Visual analogue scale (VAS) scores for different 
symptoms between the citalopram visit and the placebo visit. 
Values are expressed as median (IQR)

  Citalopram Placebo P‐value

Fullness 6.7 (4.7‐8.4) 6.6 (2.8‐8.4) NS

Satiety 6.8 (5.6‐7.7) 7.1 (5.6‐8.5) NS

Heartburn 0 (0.1‐0.7) 0 (0.2‐0.8) NS

Belching 0.4 (0.3‐2.2) 0.7 (0.5‐2.4) NS

Hunger 0.7 (0.5‐2.9) 1.2 (0.8‐2.9) NS

Nausea 0.9 (0.2‐2.9) 0 (0‐1) NS



     |  7 of 8MANOLAKIS et al.

gastroesophageal, laryngopharyngeal reflux, or perhaps even rumina‐
tion syndrome? Before answering, certain limitations have to be taken 
into account. Firstly, the present study was performed in HV, not in pa‐
tients with GERD or laryngopharyngeal reflux, so both the results, as 
well as the effectiveness of citalopram as potential therapy for these 
conditions, have to be validated directly in these patient populations. 
Moreover, the exposure of study participants to citalopram was acute, 
reflecting enhanced 5HT availability, whereas therapeutic effects of 
this SSRI in other GI disorders, for example esophageal hypersensi‐
tivity, are thought to be exerted through receptor desensitization, re‐
sulting from prolonged treatment.33 It is therefore not possible at this 
point, to know whether the phenomena induced acutely by citalopram 
wear off after longer treatment periods or not.

In all, the present study sets a basis for further reflection, dis‐
cussion, and experimentation on the potential of citalopram as an 
antireflux treatment while at the same time shedding light into 
mechanisms and defects that could either mediate drug‐related side 
effects or be involved in the pathogenesis of other conditions, such 
as globus. As for the emerging and pending questions regarding 
therapeutic application in specific patient groups and long‐term effi‐
cacy, these are issues that need to be addressed, evaluated, and val‐
idated through future, carefully designed, and well‐powered studies.
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