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ABSTRACT
Introduction:  Hiccups affect 0.05% of general in-patients and up to 10% of patients with 
gastroesophageal reflux disease. Hiccups are typically self-limited. In certain cases, they can 
become persistent and intractable, suggesting a potentially more serious underlying pathological 
condition. Treatment of hiccups in the perioperative period is challenging as it is difficult to 
identify their causes, and the existing literature is mainly based on case studies. This review aims 
to comprehensively explore the aetiology, mechanisms and treatment of perioperative hiccups to 
provide new insights.
Methods:  A systematic search was conducted in multiple databases such as PubMed, Embase, 
and Web of Science, for literature published within the past three decades. Search terms included 
‘Hiccups, Perioperative, Pathogenesis, Treatment, Lidocaine’, etc. Inclusion criteria included original 
research articles, review papers and case reports that provided relevant information on the topic. 
Exclusion criteria were non-relevant studies, duplicates and articles with insufficient data.
Results:  Surgical, anaesthesia- and patient-related aetiological factors and mechanisms of 
perioperative hiccups were systematically analysed. Management strategies across different 
perioperative phases were summarized, highlighting the emerging evidence of lidocaine’s 
therapeutic efficacy. Current understanding of perioperative hiccups is limited as it mainly 
depends on case reports and observational studies, lacking strong evidence from controlled 
clinical trials. Preoperative risk stratification, intraoperative dynamic assessment, and postoperative 
multimodal safety protocols are clinically essential.
Conclusion:  Research on the pathogenesis and treatment of perioperative hiccups requires 
further enhancement. Large-scale prospective studies are needed to validate the proposed 
management strategies and treatment recommendations, which will be beneficial for improving 
the clinical management of this condition.

KEY MESSAGES
•	 A comprehensive review of the causes and mechanisms of hiccups, with a specific focus on 

hiccups in the perioperative period.
•	 Presenting clinical evidence supporting the prevention or prompt and safe management of 

hiccups in the perioperative period.
•	 Offering corroborating evidence for the use of lidocaine as a viable treatment option for 

hiccups in the perioperative period.

Introduction

Hiccups, characterized by involuntary contractions of 
the diaphragm and sudden closure of the glottis, are a 
common yet often overlooked issue, especially in the 
perioperative period. Although hiccups might appear 
to be of minor consequence in daily life, their 

occurrence during the perioperative period can exert a 
substantial influence on both the surgical procedure 
itself and the subsequent recovery of patients. This 
process is accomplished by a reflex arc composed of 
structures such as the phrenic, vagal and sympathetic 
pathways, as well as the central processing units of the 
brainstem [1], which involves an imbalance in the 
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levels of various neurotransmitters in the peripheral 
and/or central nervous system [2].

The incidence and prevalence of hiccups are diffi-
cult to determine because it is not usually a major 
phenomenon in various systemic diseases. For general 
inpatients, the probability of hiccups is approximately 
0.054% [3]. This probability is even higher among 
patients with digestive system diseases, nervous sys-
tem disorders, abnormal mental states or those taking 
specific medications [4]. Gastroesophageal reflux dis-
ease (GERD) and related hiatal hernias in patients are 
common causes of acute hiccups, with the incidence 
reaching 10% [5]. Among patients with oesophageal 
tumours, about 27% experience hiccups for more than 
48 h [6]. In stroke patients, due to cerebrovascular 
lesions that disrupt the hiccup neural pathway, approx-
imately 0.3% of patients experience hiccups [7]. In 
addition, approximately 3.9%–4.5% of cancer patients 
taking chemotherapy drugs also experience hiccups 
[8]. Notably, the occurrence of hiccups appears to be 
specific to gender. A community hospital conducted a 
retrospective analysis of all patients over a five-year 
period and found that out of the 54 hiccups patients, 
91% were male, who were typically over the age of 50 
and often had comorbidities, while 9% were female 
[3]. Major comorbidities seem to include central ner-
vous disorders or gastrointestinal cancer. Of 71 patients 
with hiccups of Central Nervous System (CNS) origin 
(0.5% of all patients), 59(83%) were men, with a mean 
age of 50 [9]. Among the 160 cancer patients receiving 
chemotherapy, hiccups occurred in 24(65%) male 
patients and 13(35%) female patients [10]. Some stud-
ies present conflicting conclusions regarding the prom-
inence of gender differences in hiccups. They suggest 
that male gender is more significantly associated with 
hiccup of non-CNS origin (peripheral or drug-related 
causes) (OR 11.72, p < 0.001), but not hiccup of CNS 
origin (OR 1.74, p = 0.072). This difference may be 
attributed to variations in patient population, aetiol-
ogy, study design and sample size [11]. Mechanistically, 
male susceptibility to hiccups may be attributed to 
lower synaptic thresholds in the hiccup reflex arc, 
making it easier to excite afferent or efferent nerves 
[12]. In addition to gender differences, taller height 
seems to be an independent risk factor for hiccups, 
but the exact mechanism is unclear [13].

The severity of hiccups usually depends on their 
duration, and most hiccups are acute and self-limiting 
(lasting less than 48 h), which is common in healthy 
individuals. This type of hiccups tends to subside on 
their own and rarely require medication [6,14]. 
However, in exceptional cases, hiccups may also be 
chronic and persistent, which often indicates the 

presence of a serious underlying pathological process. 
Hiccups require medical intervention when they last 
more than 24 h or interfere with eating, breathing, or 
sleeping [15,16]. The causes of these hiccups are often 
complex and diverse, including infections, trauma, 
tumours, as well as gastrointestinal, metabolic, and 
psychological diseases, which may ultimately lead to 
fatigue, loss of appetite, weight loss, dehydration and 
even death [17]. Mechanistically, any factors that can 
affect the structure or function of the reflex arc of the 
hiccups process can trigger hiccups. Hiccups in the 
perioperative period, typically arising as a reflex 
response to an acute cause, present a complex issue 
that warrants further investigation. In contrast to hic-
cups during the non-operative period, which are 
mainly induced by factors like diet, gastrointestinal dis-
eases and mental factors, hiccups during the perioper-
ative period result from complex elements such as 
surgical manipulation, anaesthesia and patients’ under-
lying diseases. Preoperative hiccups can postpone sur-
geries by increasing patient anxiety, raising aspiration 
risk and hindering doctors’ preoperative assessment. 
During surgery, hiccups disrupt surgical operations 
and anaesthesia management, prolonging the opera-
tion time and increasing complication risks. 
Post-operative hiccups impede wound healing, trigger 
respiratory issues, delay gastrointestinal function recov-
ery and reduce patient comfort. Due to the multiple 
pathophysiological processes in disease development 
and hiccups being a possible concurrent symptom, it’s 
arduous to determine the cause and targeted treat-
ment, with most interventions only validated by case 
reports.

This narrative review aims to bridge the knowledge 
gap by comprehensively exploring the aetiology, 
pathogenesis and management strategies of perioper-
ative hiccups, with no contain quantitative data. By 
analysing surgical, anaesthesia and patient-related fac-
tors in detail, we hope to provide a more in-depth 
understanding of this underrecognized complication. 
Special attention will be given to the emerging evi-
dence regarding the therapeutic efficacy of lidocaine, 
which has shown promise in recent years. The ultimate 
goal is to enhance clinical awareness, stimulate further 
research, and establish more effective management 
guidelines to optimize patient outcomes during the 
perioperative period.

1.  Aetiology and classification of hiccups

Transient hiccups, which are caused by irritation of the 
gastrointestinal or respiratory tract from alcohol, smok-
ing, carbonated beverages, and other substances, are 
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common in healthy individuals and usually resolve on 
their own. Persistent and intractable hiccups often sig-
nal the presence of an underlying pathology [3,18], 
especially common in gastrointestinal diseases (62.5%) 
and central nervous system diseases (33.3%). The 
causes of hiccups are often categorized as idiopathic, 
organic (central and peripheral), psychiatric, and oth-
ers. Table 1 summarizes the reported aetiology of this 
condition, including non-perioperative hiccups. In 
addition, many drugs also cause hiccups, but the pre-
cise mechanism is rarely reported [13,19–21]. However, 
it is often challenging for many patients to pinpoint 
the cause of hiccups due to the unclear direct link 
between individual pathophysiologic processes and 
hiccups.

2.  Pathophysiologic mechanisms of hiccups

For the origin of hiccups, Straus et  al. first posited that 
hiccups could be a recurrence of archaic motor pat-
terns because the hiccup-associated ventilatory motor 
patterns in mammals bear resemblance to those in 
lower vertebrates. The neural circuit for hiccups may 
have persisted in mammals, facilitating the develop-
ment of pattern generators for functions such as suck-
ling or normal breathing [22]. Karabacak and Danner 
expanded mechanisms of hiccups from a phylogenetic 
exploration to a focus on central respiratory regula-
tion, highlighting the role of the central nervous sys-
tem in the generation of hiccups [23]. The mechanism 

of hiccups involves a complex reflex arc, which includes 
the balance of various neurotransmitters in both the 
central and peripheral nervous systems. The hiccup 
reflex arc involves a complex neural network of multi-
ple anatomical structures, relying on the ‘hiccup cen-
ter’ to coordinate and connect multiple afferent and 
efferent pathways (Figure 1). Most studies generally 
agree that the reflex arc of the hiccup is as follows: 
the afferent pathway of hiccups includes the sensory 
fibres of the vagal nerve, glossopharyngeal nerve, the 
phrenic nerve and sympathetic nerves from Th6 to 
Th12 [24,25]. The centres structures related to hiccups 
mainly include the nuclei related to the medulla such 
as the ventrolateral medulla of the brainstem and the 
reticular formation, the phrenic nerve nucleus, spinal 
cord segments such as C3–C5 in the cervical region 
and their associated nerves, as well as the higher-order 
centres of the cerebrum [26,27]. The efferent pathway 
of hiccups involves the phrenic nerves to the dia-
phragm, accessory nerves to the intercostal muscles, 
the cervical spinal nerves to the anterior scalene mus-
cles, and the recurrent laryngeal portion of the vagal 
nerve to the glottis, resulting in glottal closure. Other 
studies explain the mechanism of hiccups as a neuro-
genic dysfunction affecting the ‘valve function’ between 
the inspiratory complex and the glottis closure com-
plex [28]. In addition, the hiccups reflex arc function is 
mediated by various central neurotransmitters (dopa-
mine (DA), serotonin, opioid, glycine, and gamma-amino 
butyric acid (GABA), peripheral neurotransmitters 

Table 1.  Aetiology of persistent and intractable hiccups.
Type Disease/Disorder Reference

Central nervous system
  Vascular Ischaemic/haemorrhagic cerebrovascular insult, cavernoma, systemic lupus erythematosus related 

vascular disorders and aneurysms (posterior inferior cerebellar artery)
[7,100–103]

  Tumor Astrocytoma, carvenoma and brain stem tumors [48,104]
 S tructural Brain injury [47]
 I nflammation Demyelinating disorders (neuromyelitis optica and multiple sclerosis) [105,106]
  Miscellaneous Seizure, cranial nervous herpes infection, lateral medullary syndrome and parkinsonism [41,107,108]
Peripheral pathway
  Gastrointestinal tract Gastro-oesophageal reflux disease, oesophageal tumours, hiatus hernia, stomach volvulus, stomach 

distension, H. pylori infection, gallbladder disease, peptic ulceration, pancreatitis, hepatitis, 
abdominal abscess, abdominal tumours, bowel obstruction

[109–115]

 C ardiovascular Atrial pacing, myocardial ischemia, pericarditis, aortic aneurysm and post-myocardial myocardial 
infarction

[116–118]

  Pulmonary Bronchitis, pneumonia, asthma, bronchial carcinoma, tuberculosis, pulmonary emboli [119–121]
 O tolaryngologic Goiter, neck cyst, herpes zoster, rhinitis, otitis, pharyngitis, endotracheal intubation and foreign body 

in nose or ear
[122–125]

 C hest cavity Bronchitis, mediastinal diseases, lymphadenopathy, pleural effusion, chest wall herpes, empyema and 
diaphragmatic tumours

[125–128]

Other causes
 S urgery Anaesthetic agents, pharyngeal intubation, thoracic and upper abdominal surgical, gastric 

insufflation and sedation during endoscopy, bronchoscopy and central venous catheterization
[64,125,129–132]

 D rugs Ethanol, steroids, dopamine agonists, platinum-based agents, benzodiazepines, opioids, barbiturate, 
sulphonamides, dexamethasone and azithromycin

[21,41,131,133–137]

  Psychogenic disorders Anxiety, excitement, stress, sleep deprivation and fear [27,138]
 I nfectious Disorders Helicobacter pylori, herpes simplex virus, herpes zoster virus, influenza, malaria, neurosyphilis, 

tuberculosis, meningitis, encephalitis
[112,117,123,139–141]

  Metabolic disorders Electrolyte imbalance (hyponatremia, hypokalaemia, hypocalcaemia, hypocapnia), uraemia, diabetes 
mellitus

[142–144]
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(epinephrine, norepinephrine and histamine) [29] 
(Table 2). Hiccups may be triggered by various factors 
that stimulate the structure and function of the flex 
arc, including tumours, inflammation, systemic lesions 
and drugs. These factors can disrupt the normal bal-
ance of the hiccups reflex arc’s function. The specific 
mechanisms and the cross-action of certain drugs in 
regulating hiccups are illustrated in Figure 2. The 
development of a disease typically involves multiple 
pathophysiological processes, and hiccups may simply 
be a concurrent symptom of the disease, making it 
more challenging to determine the cause and target 
treatment for hiccups.

2.1.  Central neurotransmitter

2.1.1.  Gamma-amino butyric acid (GABA)
GABA is an important central nervous system inhibi-
tory neurotransmitter, formed by the decarboxylation 
of precursor glutamate through glutamate decarboxy-
lases (GADs), and most synaptic sites in the brain and 
spinal cord use it as a transmitter and regulate body 
functions. The allosteric sites of its three receptors 
(GABAA, GABAB and GABAC) can precisely regulate the 

inhibitory level of neurons in brain-related regions 
[30]. The GABA pathway is also the site of action of 
many neuroactive drugs such as benzodiazepines, bar-
biturates and volatile anaesthetics. Research has 
proven that low levels of GABA are linked to mood, 
sleep hypo-function and other advanced brain func-
tions [31]. In addition, GABA seems to be involved in 
hiccups reflex. Oshima T et  al. confirm that the nucleus 
raphe magnus (the lower brainstem), which contains 
GABA cells, is the most important region likely to 
inhibit inputs from the ergoreflex arc [32]. A number 
of drugs seem to exert a therapeutic effect on hiccups 
by modulating the GABA pathway. Gabapentin, a 
GABA-like molecule, may act as a partial agonist at the 
glycine modulatory site of the NMDA receptor, and 
increase endogenous GABA production and release. At 
the same time, gabapentin may block the inward flow 
of calcium at neuronal voltage-gated calcium chan-
nels, increase GABA release and lead to excitatory inhi-
bition of the diaphragm [8]. Valproic acid also plays a 
role in the treatment of hiccups by enhancing GABA 
[33]. Pregabalin, a relatively new GABA analogue, has a 
role in the treatment of intractable hiccups through 
inhibiting voltage operated calcium channels to reduce 

Figure 1.  The reflex arc of hiccup. The dotted line box represents the afferent nerve pathway of hiccups, while the solid line box 
represents the efferent nerve pathway. The afferent pathway includes the sensory fibres of the vagal nerve, glossopharyngeal 
nerve the phrenic nerve, and sympathetic nerves from Th6 to Th12. The hiccup centers mainly include the medulla oblongata, the 
periaqueductal grey, sub-thalamic nuclei, phrenic nerve nuclei, reticular formation, and C3 to 5 cervical cord. The efferent pathway 
includes the phrenic nerves to the diaphragm, accessory nerves to the intercostal muscles, the cervical spinal nerves to the ante-
rior scalene muscles, and the recurrent laryngeal portion of the vagal nerve to the glottis, which causes glottal closure. Figure 1 
was developed by the authors.
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calcium influx and increasing serotonin levels to affect 
the presynaptic terminals of respiratory muscles [34]. 
The mechanisms of baclofen inhibiting hiccups may 
reduce the release of dopamine in the central nervous 
system, or by acting as a GABA type B receptor ago-
nist mediating an inhibitory effect on presynaptic 
hyperpolarization in the spinal hiccup reflex arc [35,36]. 
Midazolam acts on benzodiazepine receptors, forming 
the benzodiazepine-GABA receptor-chloride ionophore 
complex to open the chloride channels, hyperpolarize 
neurons, and to reduce their excitability. When used in 
combination with morphine, midazolam does control 
intractable hiccups in cancer patients [37]. Interestingly, 
at low doses, benzodiazepines are associated with the 
development of hiccups, while at high doses they may 
be useful in the treatment of hiccups.

2.1.2.  Dopamine
In the central nervous system, dopamine, as an import-
ant catecholamine neurotransmitter of the nervous 
system, is involved in cognitive, emotional and neuro-
endocrine regulation and presents as a local paracrine 
substance in the peripheral nervous system, mainly 
affecting sodium homeostasis, vascular tone and 

hormone secretion [38]. Based on biochemical and 
pharmacological properties, dopamine receptors can 
be classified into two major groups containing D1-like 
receptors (D1 and D5 receptors) and D2-like receptors 
(D2, D3 and D4 receptors). D1-like receptors, D2-like 
receptors are coupled to stimulatory and inhibitory 
G-protein-coupled receptors, respectively, which either 
elevate or reduce adenylyl cyclase activity [39]. 
Evidence that dopamine agonists induce hiccups and 
anti-dopaminergic drugs successfully treat hiccups has 
been reported, which supports the role of dopamine 
as a central neurotransmitter in the pathogenesis of 
hiccups [40,41]. Rotigotine and pramipexole (dopa-
mine agonists) have a higher chance of inducing hic-
cups in male PD patients [42]. The mechanism may be 
related to the high affinity of dopamine agonists to D3 
receptors to involve in the regulation of hiccup reflex 
arc [43]. Paradoxically, some anti-dopaminergic drugs 
also seem to cause hiccups [40]. This suggests that 
both high and low levels of dopamine are linked to 
hiccups, possibly because of the unclear understand-
ing of the specific receptors targeted by dopamine 
agonists or drugs. In conclusion, while the role of 
dopamine as a central neurotransmitter in the devel-
opment of hiccups is established, it remains unclear 

Table 2. D rugs involved in neurotransmitter pathways to treat hiccups.
Drugs associated with 
central neurotransmitters Possible Mechanisms Reference

GABA
  Gabapentin As a partial agonist at the NMDA receptor and block the inward flow of calcium at neuronal voltage-gated 

calcium channels to increase endogenous GABA production and release, leading to excitatory inhibition 
of the diaphragm

[145]

  Valproic acid By enhancing GABA [33]
  Pregabalin By inhibiting voltage operated calcium channels to reduce calcium influx and increasing serotonin levels to 

affect the presynaptic terminals of respiratory muscles
[34]

  Baclofen By reducing the release of dopamine in the central nervous system, or acting as a GABA type B receptor 
agonist mediating an inhibitory effect on presynaptic hyperpolarization in the spinal hiccup reflex arc

[36]

  Midazolam and morphine By acting on benzodiazepine receptors, forming the benzodiazepine-GABA receptor-chloride ionophore 
complex to open the chloride channels, hyperpolarize neurons, and to reduce their excitability

[37]

Dopamine
Rotigotine and 

pramipexole
As dopamine agonists, may be related to the high affinity of dopamine agonists to D3 receptors to involve 

in the regulation of hiccup reflex arc
[146]

5-HT
  Tandospirone As a major metabolite of tandospirone, 1-PP is a centrally acting α2-adrenergic antagonist, which increases 

5-HT release and availability
[49]

 O lanzapine Antagonizes the postsynaptic serotonergic receptors to reduce the phrenic motor neuron activity [47]
 S ertraline Selectively reuptakes inhibition of 5-HT [48]
  Risperidone High D2/5-HT2A affinity [45]
  aripiprazole By activation of 5-HT1A receptor and antagonism of 5-HT2A receptor [54]
Drugs associated with 

peripheral 
neurotransmitters

Norepinephrine and 
epinephrine

    Methylphenidate A receptor modulator of norepinephrine [56]
 C arvedilol, amitriptyline 

and sertraline
As α1/β-receptor antagonist [147]

  C  hlorpromazine By blocking α adrenergic receptors of the ascending activating system of the reticular structure [60]
  Histamine
  O  meprazole Inhibits H2 receptors and proton pumps to reduce neural input from the gastrointestinal tract to the hiccup 

centre
[62]

GABA: gamma-amino butyric acid; NMDA: N-methyl-D-aspartic acid; D3: dopamine receptor; 5-HT: 5-Hydroxyl tryptamine; 1-PP: 1-(2-pyrimidinyl)-piperazine; 
5-HT1A, 5-HT2A: receptor types of 5-hydroxytryptamine; D2: dopamine receptor; H2 receptor: histamine receptor.
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whether hiccups are mediated by dopaminergic activa-
tion or inhibition. Therefore, blindly blocking dopami-
nergic receptors alone may not cure hiccups.

2.1.3  5-Hydroxyl tryptamine (5-HT; serotonin)
5-HT is an important neurotransmitter that regulates 
neural activity in the brain and can strongly constrict 
blood vessels in peripheral tissues. The classification of 
5-HT receptors is complex, which can be divided into 
seven families (5-HT1-5-HT7), a total of 14 subtypes. 
Except for 5-HT3 receptor, which is a ligand-gated ion 
channel, the rest belong to G protein-coupled recep-
tors [44]. In addition to the dopaminergic system, the 
serotonin system may also be involved in some patho-
physiology of hiccups [45]. Animal studies have shown 
that 5-HT can promote phrenic nerve activity at the 
level of spinal cord, involved in the excitation of dia-
phragm in hiccups [46]. Hiccups during cisplatin and 
dexamethasone combination chemotherapy may be 
caused by the release of serotonin from intestinal pig-
ment cells and vagal afferents induced by cisplatin 
[21]. In addition to the above evidence that the 5-HT 
system mediates hiccups, a number of case studies 
have reported successful treatment of hiccups, and the 
mechanisms also seem to be inseparable from  
the serotonergic system. Olanzapine antagonizes the 

postsynaptic serotonergic receptors to reduce the 
phrenic motor neuron activity to treat hiccups of brain 
injury cases [47]. Sertraline was shown to selectively 
reuptake inhibition of 5-HT to treat hiccups [48]. 
Tandospirone, an anxiolytic and 5-HT1A receptor ago-
nist, is effective in intractable hiccups [49]. Some drugs 
that target the dopaminergic system may instead initi-
ate or treat hiccups primarily through the serotonergic 
system. One case report shows that a patient with 
intractable hiccups completely eliminated hiccups 6 h 
after risperidone administration but did not respond 
to haloperidol, despite both being potent inhibitors of 
dopamine D2 receptors. This may be due to the many 
times higher D2/5-HT2A affinity of risperidone than hal-
operidol [50]. Moreover, aripiprazole shows the stron-
gest association with hiccups induction among 
antipsychotics, and tandospirone has similar efficacy 
[51–53]. Aripiprazole is an antipsychotic that acts as a 
functional antagonist in the mesolimbic dopamine 
pathway and reduces the extent of dopaminergic 
pathway activity. Studies have shown the occurrence 
of persistent hiccups with low doses of aripiprazole, 
especially when anti-dopaminergic activity has not yet 
begun. This may be triggered by activation of 5-HT1A 
receptor and antagonism of 5-HT2A receptor. The com-
plete disappearance of hiccups after a small dose of 
gabapentin and immediate discontinuation of 

Figure 2.  The cross-action mechanism of multiple drugs that can regulate hiccups. Red represents the drug that induces hiccups, 
while green represents the drug that inhibits hiccups. D1, D2, D3, D4, D5: five types of dopamine receptors; Gi/go, Gs: G 
protein-coupled receptors; 5-HT, 5-Hydroxytryptamine; 5-HT1A, 5-HT2A: receptor types of 5-hydroxytryptamine. GABA: Gama-amino 
butyric acid; GABAR: Gama-amino butyric acid receptor; SERT: serotonin transporter. Figure 2 was developed by the authors.
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aripiprazole suggests that gabapentin is an ideal drug 
for the acute treatment of hiccups caused by aripipra-
zole [54]. Centrally acting α2-adrenergic antagonists 
such as tandospirone and mirtazapine may be thought 
to inhibit hiccups by increasing the release and avail-
ability of serotonin or by primarily activating 5-HT1A 
receptors to indirectly activate the serotonergic system 
[49]. This seems to contradict previous mechanisms, 
probably because drugs have multiple effects on the 
5-HT system and are difficult to fully characterize with 
one mechanism.

2.2.  Peripheral neurotransmitters

2.2.1.  Norepinephrine and epinephrine
Norepinephrine and epinephrine are catecholamine 
transmitters with central and peripheral nervous sys-
tem centres of action, respectively. Norepinephrine 
has a potent but nonselective effect on α receptors, a 
very weak agonist effect on β1 receptors, and almost 
no effect on β2 receptors. Epinephrine pairs primarily 
activate α and β receptors [55]. Studies have shown 
that methylphenidate, a receptor modulator of norepi-
nephrine, is effective in treating hiccups [56]. 
Carvedilol, amitriptyline and sertraline, α1/β-receptor 
antagonist, are effective in cases of intractable hiccups 
[57–59]. Chlorpromazine has long been considered a 
successful treatment for persistent and intractable hic-
cups by blocking α adrenergic receptors of the 
ascending activating system of the reticular structure 
[60]. However, due to its adverse effects, such as 
hypotension, urinary retention and glaucoma, it is 
often used in combination with other drugs. 
Anisodamine (M-receptor blocker) can improve micro-
circulation, relieve smooth muscle spasticity, and help 
overcome the side effects of chlorpromazine. It has 
been proved that acupoint injection of chlorproma-
zine combined with anisodamine is better than chlor-
promazine alone in the treatment of intractable 
hiccups after stroke [60].

2.2.2.  Histamine
Histamine is one of the main mediators involved in 
immune response and inflammation and binds to spe-
cific subtypes of receptors as a mediator or neurotrans-
mitter, including four subtypes H1, H2, H3 and H4. H2 
receptors are mainly distributed in gastric parietal cells 
and vascular smooth muscle cells, which can promote 
gastric acid secretion and telangiectasia [61]. 
Omeprazole inhibits H2 receptors and proton pumps 
to reduce neural input from the gastrointestinal tract 
to the hiccup centre to treat hiccups [62].

3.  Hiccups in the perioperative period

3.1.  Causes and mechanisms of hiccups in the 
perioperative period

Hiccups in the perioperative period are typically 
reflexes caused by acute factors and present a chal-
lenging problem that deserves further investigation. 
During a surgical procedure, the occurrence of hiccups 
in patients who are not intubated can lead to poten-
tial complications such as airway obstruction, a reduc-
tion in minute volume and respiratory rate, and in 
severe cases, even apnoea. Following a hiccup attack 
in intubated patients, potential manifestations may 
include hyperventilation, respiratory alkalosis and ECG 
artifacts [63]. Therefore, it is particularly important to 
fully identify the aetiology and potential mechanisms 
of perioperative hiccups. The factors of hiccups are pri-
marily examined from three perspectives: surgical fac-
tors, anaesthetic factors and the patients factors.

Surgical factors frequently trigger hiccups as a result 
of intraoperative stimulation of various organs, includ-
ing the diaphragm and stomach. For instance, during 
gastroscopy, the sudden distension of oesophagus and 
stomach cavity can stimulate the gastric vagus nerve, 
thereby exciting the afferent nerve of the hiccup reflex 
arc and leading to the occurrence of hiccups [64]. 
During laparoscopic surgery, the stimulation of the 
diaphragm by the CO2 pneumoperitoneum can also 
increase the risk of hiccups [65]. The risk of hiccups 
may also be increased by the pressure difference 
caused by temporary or continuous relaxation of the 
lower oesophageal sphincter (LES) in patients with 
gastroesophageal reflux disease [12]. When hiccups 
manifest, a pressure gradient is observed in the LES, 
potentially leading to the regurgitation of gastric con-
tents into the oesophagus, particularly in severe cases. 
This phenomenon can result in reflux and aspiration, 
posing significant risks for patients undergoing anaes-
thesia during surgical procedures [65]. In addition, for 
some special requirements of general anaesthesia sur-
gery (such as the prohibition of muscle relaxants when 
nerve monitoring is required), the management of hic-
cups is more troublesome [66]. Therefore, surgeons 
should take care to prevent hiccups when conducting 
abdominal manoeuvres and patient positioning.

For the patient factors, individuals who have expe-
rienced chronic and uncontrollable hiccups in the past, 
especially those with underlying central nervous sys-
tem or gastrointestinal issues, may still be at risk of 
hiccups, even if they exhibit no symptoms at the time 
of their visit. Patient’s preoperative fasting duration is 
less than 6 h, undigested food in the stomach may 
reflux and stimulate the vagus nerve, causing 
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diaphragmatic spasm and thus leading to hiccups [67]. 
These greatly increase the perioperative challenge. In 
addition, hiccups may also occur in patients with renal 
impairment, particularly in those with uraemia who 
have electrolyte imbalances [68]. Patients with a his-
tory of digestive, nervous, respiratory system-related 
diseases or with perioperative electrolyte disorders 
may have an increased risk of hiccups during surgery.

The effect of anaesthetics and anaesthesia tech-
niques on inducing hiccups in the perioperative period 
is noteworthy. For patients with general risk 
non-cardiothoracic surgeries, depending on factors 
such as the type and duration of the surgery, approx-
imately 60%-80% of patients require mechanical venti-
lation [69]. It has been observed that positive pressure 
ventilation can trigger hiccups, which cease as airway 
pressure decreases [70]. The laryngeal mask airway 
(LMA) has become a common auxiliary means for air-
way management during the perioperative period, 
thanks to its advantages of simple operation and 
reduced throat pain. Meanwhile, the impact of a laryn-
geal mask on intraoperative hiccups cannot be under-
estimated, with an incidence from 1% to 5% [71]. 
Studies have shown that this incidence is largely 
related to anaesthesia techniques and varies with the 
type and dosage of anaesthetic-inducing drugs [72]. 
Specifically, hiccups may be triggered by the insertion 
and positioning of the laryngeal mask airway or by 
inflating the LMA cuff [71]. This could be due to plac-
ing the distal end of the laryngeal mask airway near 
the proximal end of the oesophagus, which stimulates 
local mechanoreceptors and triggers excitation of the 
vagal nerve [73]. In addition to the airway manage-
ment, different anaesthesia methods also have an 
impact on hiccups. A case of obstetric analgesia and 
anaesthesia via epidural injection of levobupivacaine 
revealed that the parturient experienced hiccups last-
ing 1–2 h both during the initial administration of 
levobupivacaine and upon additional dosing. This may 
be related to the changes in cerebrospinal fluid pres-
sure caused by the epidural injection [74]. Drug-induced 
hiccups are a relatively infrequent occurrence, how-
ever, the administration of perioperative anaesthetics 
and sedatives, including benzodiazepines, opioids, are 
believed to be potential triggers for hiccups in the 
perioperative period. Sedatives, such as midazolam, 
have been found to induce hiccups in a dose-dependent 
manner among patients undergoing endoscopic gas-
trointestinal surgery. Furthermore, it has been observed 
that men are more susceptible to experiencing this 
side effect, which may be attributed to differences in 
physiological characteristics, drug metabolism, and 
hormone levels [12]. Interestingly, it has been observed 

that opioids, including fentanyl, may induce hiccups. 
However, in Ardhanari’ s case report, it was demon-
strated that a low dose of 30 mcg of intravenous fen-
tanyl effectively ceased the occurrence of hiccups [75]. 
Anaesthetic-related causes of hiccups include the type 
of anaesthesia, airway management and the use of 
specific anaesthetic drugs.

3.2.  Treatment of hiccups in the perioperative 
period

3.2.1.  Preoperative period
During the preoperative period of the perioperative 
period, it is of great importance to comprehensively 
understand the past medical history that may trigger 
hiccups in advance, pay attention to the emotional 
state, reasonably arrange the diet and fasting time and 
prevent hiccups in a timely manner. This is because if 
hiccups occur during the intraoperative period, more 
serious consequences may be triggered. For most 
patients with a relatively good physical condition and 
without serious underlying diseases, non- 
pharmacological methods such as psychological inter-
vention [76], dietary management [64] and respiratory 
training [4] can be the first choice. For patients with 
high-risk factors for hiccups, such as a history of hic-
cups, severe gastrointestinal dysfunction, mental ill-
ness, etc., non-pharmacological methods alone are not 
sufficient for effective prevention. It is necessary to use 
pro-kinetic agents [77], anticholinergic drugs [78], etc. 
in advance to enhance the preventive effect. If trying 
multiple methods fails, it has been documented that 
patients have effectively alleviated hiccups through 
the implementation of a technique known as 
sub-occipital release. This procedure entails the appli-
cation of gentle traction and pressure to the posterior 
region of the neck, as well as the stretching of the 
suboccipital muscles and fascia. The proposed mecha-
nism involves the manual decompression of the vagus 
nerve, and potentially the phrenic nerve, in order to 
disrupt the hiccup reflex and restore normal auto-
nomic function [79].

3.2.2.  Intraoperative period
When hiccups occur during the intraoperative period 
of the perioperative period, the selection of treatment 
methods needs to be considered comprehensively 
based on multiple factors. First and foremost, it is nec-
essary to assess the severity of the condition. If the 
patient’s hiccup symptoms are mild and have little 
impact on the surgical operation and vital signs, 
non-drug methods can be tried first. For example, 
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adjusting the patient’s position, modifying the ventila-
tion parameters of the ventilator, pausing the surgical 
operation briefly to observe whether the hiccups can 
be alleviated. In addition, there are also successful 
cases of some other slightly more complex non-drug 
methods, such as increasing the pressure of carbon 
dioxide in the alveoli [80], lung inflation [81] and acu-
puncture [82]. An efficacious approach for managing 
intraoperative hiccups has been previously docu-
mented in the literature, involving the stimulation of 
the pharynx at the C2 and C3 vertebrae through the 
insertion of a catheter or the application of local 
anaesthesia-lubricated airway [83]. Nasopharyngeal 
stimulation appears to be the optimal approach for 
mitigating the adverse effects of multi-drug therapy 
and preventing the occurrence of acute hiccups during 
surgical procedures [84]. In the context of persistent 
hiccups in the perioperative period, the utilization of 
ultrasound-guided phrenic nerve block may serve as a 
viable therapeutic approach in cases where conven-
tional physical and medical interventions prove inef-
fective [85].

However, if the hiccups are severe or occur during 
a complex and critical surgical stage, making the sur-
gical operation difficult to carry out or causing signifi-
cant fluctuations in vital signs, drug treatment should 
be immediately prioritized (Table 2). Initially, it is com-
mon to attempt to inhibit the hiccup reflex by appro-
priately deepening anaesthesia using general 
anaesthetics like propofol. Intravenous chlorpromazine 
(total 5 mg) may be a suitable treatment option for 
relieving hiccups in patients who cannot be treated 
with muscle relaxants under general anaesthesia [66]. 
If the hiccups are suspected to be related to abnormal 
gastrointestinal peristalsis and changes in gastric pres-
sure, metoclopramide can be selected to relieve 
smooth muscle spasms [86]. Anticholinergics and mus-
cle relaxants may also be used [67].

It is noteworthy that in cases of hiccups in the 
perioperative period, when conventional medications 
such as intravenous anaesthetics, central anti-emetics, 
muscle relaxants, hormones, etc. prove to be ineffec-
tive or result in adverse effects, some other medica-
tions can also effectively manage hiccups. Ephedrine 
appears to be a viable and uncomplicated method for 
managing refractory hiccups during the perioperative 
period, but it is linked to cardiovascular adverse effects, 
including tachycardia and hypertension [87]. The sup-
pression of hiccups in the perioperative period through 
the use of dexmedetomidine, a selective alpha-2 adren-
ergic receptor agonist, is anticipated to serve as an 
alternative to ephedrine, thereby mitigating the associ-
ated side effects such as elevated blood pressure [88].

The use of intravenous subanaesthetic doses of 
lidocaine is a viable alternative treatment option. The 
potential impact of lidocaine on hiccups is frequently 
disregarded due to its routine administration prior to 
propofol to alleviate pain during injection. Propofol 
itself is known to be associated with hiccups, thus hic-
cups are preemptively treated under uncertain circum-
stances, despite the fact that the dosage administered 
is considerably lower than that used for hiccup treat-
ment [89]. The supporting effect of lidocaine pretreat-
ment on hiccups in the perioperative period is that it 
can prevent hiccups caused by methohexitol sedation 
[90]. Cohen reported that lidocaine was administered 
as a treatment for a patient experiencing intractable 
hiccups following an exploratory laparotomy. After the 
failure of various conventional drugs such as phenothi-
azine and butanophenone for treating hiccup, the 
administration of two intravenous injections of lido-
caine proved to be effective in inhibiting hiccup with-
out any recurrence. The first injection consisted of 
1.5 mg/kg of lidocaine on the first day, followed by a 
second injection of 0.75 mg/kg on the subsequent day 
[91]. In addition, several case studies have supported 
the role of lidocaine, especially when administered 
intravenously within 24 h for anaesthesia-induced hic-
cups [92,93]. In addition to intravenous administration, 
alternative methods such as oral 2% lidocaine gel [94], 
continuous subcutaneous infusion of lidocaine 
(480 mg(24 ml)/day) [95], and intradermal injection of 
lidocaine around the sternocleidomastoid muscle to 
stimulate the vagus nerve [96] have proven to be 
effective in managing intractable hiccups. This 
approach may provide valuable guidance for patients 
who are unable to receive intravenous lidocaine due 
to either relative or absolute contraindications, and 
who experience hiccups outside of surgical procedures. 
Furthermore, a comparative study investigating the 
efficacy of lidocaine and ephedrine in the manage-
ment of hiccups determined that the ephedrine group 
(96%) exhibited a higher success rate in controlling 
hiccups compared to the lidocaine group (56%). 
Additionally, the ephedrine group was able to sup-
press hiccups in a greater proportion of patients within 
a shorter duration of time. This phenomenon could 
potentially be associated with the use of ephedrine as 
a bronchodilator and nocturnal decongestant, or its 
function as a central stimulant [97]. The precise mech-
anism through which lidocaine inhibits hiccups remains 
unclear. Some scholars posit that the intravenous 
administration of lidocaine has the potential to inhibit 
calcium channels, stabilize membrane potential, and 
block sodium channels in sensory neurons. This mech-
anism of action is believed to reduce neuronal 



10 J. HE ET AL.

excitability and ectopic discharge, ultimately increasing 
the nerve excitation threshold at each stage of the hic-
cup reflex arc. The intended outcome is to prevent the 
occurrence of hiccups [95,98]. For instance, Weksler 
confirmed that the administration of lidocaine can 
effectively prevent methohexitone-induced hiccups 
during elective dilatation and curettage procedures for 
uterus evacuation. This finding is attributed to the 
membrane stability properties exhibited by lidocaine. 
Lidocaine has the ability to decrease the excitability of 
all neural structures that are implicated in this reflex 
[92]. When conventional medications are ineffective or 
cause adverse reactions in the treatment of periopera-
tive hiccups, intravenous sub-anaesthetic doses of lido-
caine can be an alternative. However, it is necessary to 
strictly adhere to the indications and contraindications 
of lidocaine. The dosage should be precisely adjusted 
according to the patient’s condition, and adverse reac-
tions should be closely monitored. Attention should 
also be paid to the interactions between drugs.

3.2.3.  Postoperative period
The management of hiccups during the postoperative 
period of the perioperative period requires an analysis 
of the underlying causes and consideration of the 
severity and duration of the hiccups, as well as the 
overall condition of the patient. Often, a combination 
of pharmacological and non-pharmacological 
approaches is used. Depending on the specific circum-
stances, the selection of the two methods may also 
have different emphases. If hiccups are caused by fac-
tors such as insufficient gastrointestinal motility, dys-
pepsia, or gastrointestinal flatulence, gastrointestinal 
prokinetic drugs such as metoclopramide can be tried 
first. Meanwhile, non-pharmacological methods such 
as abdominal massage, hot compress, and position 
adjustment should be combined. For hiccups caused 
by nerve - related factors such as nerve stimulation 
during surgery and mental stress, non - pharmacolog-
ical methods like distraction and acupoint massage 
can be initially adopted to regulate nerve function. If 
these methods are ineffective, drugs with central reg-
ulatory effects such as chlorpromazine and diazepam 
can be used. In addition, Lee AR reported three cases 
of using stellate ganglion block (SGB) to treat per-
sistent postoperative hiccups, including reducing the 
frequency and intensity of hiccups, and eventually 
stopping the hiccups completely [99].

4.  Conclusions and prospect

This study comprehensively reviews the aetiology and 
pathogenesis of hiccups. With a focused exploration of 

perioperative hiccups, we systematically analysed sur-
gical-, anaesthesia- and patient-related etiological fac-
tors and mechanisms. We summarized management 
strategies across preoperative, intraoperative, and post-
operative phases, with particular emphasis on emerg-
ing evidence supporting lidocaine’s therapeutic efficacy 
in recent years. This review aims to enhance clinical 
awareness and stimulate scholarly interest in manag-
ing this underrecognized perioperative complication.

However, the current understanding remains con-
strained by predominant reliance on case reports and 
observational studies, with a critical paucity of robust 
evidence from controlled clinical trials. Given the 
unique challenges of perioperative settings, we empha-
size the clinical imperative for preoperative risk stratifi-
cation based on comorbidities and symptomatic 
evaluation, intraoperative dynamic assessment of hic-
cup severity with tailored interventions, and postoper-
ative multimodal therapeutic safety protocols. In the 
future, it is necessary to conduct large-scale prospec-
tive studies with standardized diagnostic criteria and 
quantitative outcome measures. Such investigations 
are crucial to establish evidence-based management 
algorithms and optimize clinical outcomes for periop-
erative hiccup management.
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