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Fentanyl-induced cough (FIC) often occurs after intravenous bolus administration of fentanyl analogs during induction of general anesthesia and analgesia procedure. The cough is generally benign, but sometimes it causes undesirable side effects, including elevated intra-abdominal, intracranial or intraocular pressure. Therefore, understanding the related mechanisms and influencing factors are of great significance to prevent and treat the cough. This paper reviews the molecular mechanism, influencing factors and preventive administration of FIC, focusing on the efficacy and side effects of various drugs in inhibiting FIC to provide some medical reference for anesthesiologists.
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INTRODUCTION TO FENTANYL ANALOGS
Opioids, such as fentanyl and its derivatives like sufentanil, remifentanil and alfentanil, are widely used in the induction and maintenance of general anesthesia (Cho et al., 2010; Min et al., 2012). Fentanyl, a µ opioid receptor agonist, was first synthesized in 1960. Its clinical effect is 50–100 times stronger than that of morphine (Stanley, 2014). In some surgical procedures such as laryngoscope and tracheal intubation, it is widely used because of its rapid onset, short acting time, dose-dependent analgesic action, high cardiovascular stability and minimal histamine release (Adachi et al., 2002; Iguchi et al., 2020; Subramaniam et al., 2020).
Like other opioids, fentanyl and its derivatives have a variety of side effects, including nausea, dizziness, constipation, drowsiness, weakness, hypopnea, respiratory depression, etc., which limits their clinical application (Cao et al., 2017; Els et al., 2017; Imam et al., 2018; Wiffen et al., 2014). It has been found that the intravenous administration of fentanyl analogs can cause varying degrees of fentanyl-induced cough (FIC) in some patients (up to 65%) (Gupta et al., 2019; Han et al., 2010). FIC may increase intracranial pressure, intraocular pressure and intra-abdominal pressure, increase the incidence of postoperative nausea and vomiting (Li et al., 2015) and more severely, it may cause a variety of conjunctival and periorbital ecchymosis, and even upper airway obstruction (Gu et al., 2012; Liu et al., 2019). The side effects may be mild and temporary for most patients, but sometimes they may be spastic, explosive or even fatal (Dahan et al., 2010; Lim et al., 2013; Tweed and Dakin, 2001).
Therefore, to explore the mechanism of FIC, to understand the factors affecting the occurrence of cough and to know how to prevent and treat it have an important clinical guidance and physiological significance to reduce the undesirable side effects caused by fentanyl during anesthesia.
MECHANISM OF FENTANYL-INDUCED COUGH
The mechanism of FIC is currently not very clear and there are several hypotheses.
Receptor Hypothesis
Fentanyl analogs can activate µ opioid receptor, and the afferent signal is transmitted to the brainstem through rapidly adapting receptors (stimuli receptors) or vagus nerve C-fiber receptors (J receptors) on the mucosa of the proximal bronchus, subsequently transmitted through the motor fibers in the vagus nerve, causing bronchoconstriction and cough (Böhrer et al., 1990). Fentanyl can significantly increase the number of citric acid-induced coughs in mice and the effect can be antagonized by pretreatment with rapidly adapting receptor antagonist, i.e., moguisteine (Kamei et al., 2013). Pre-inhalation of bronchodilators such as terbutaline or salbutamol can inhibit the bronchoconstriction and cough induced by fentanyl, which also supports this conjecture (Agarwal et al., 2003; Lui et al., 1996).
Vagal Excitation Hypothesis
Fentanyl analogs may inhibit central sympathetic outflow, and activate vagus nerve activity, causing cough and bronchoconstriction (El Baissari et al., 2014). However, this hypothesis is controversial, some studies have found that pre-administration of anticholinergic drugs such as atropine cannot reduce the incidence of FIC (Lui et al., 1996). While resent study showed that atropine administered in the preoperative period is as effective as lidocaine in preventing FIC (Naldan et al., 2019).
β-Arrestin Signaling Pathway
As the receptor of opioid drugs, opioid receptor belongs to the G protein-coupled receptor family, which has been confirmed to exist widely in the human nervous system. It has been found that the activation of opioid receptor can activate pertussis toxin-sensitive G protein (Gi and Go) to produce analgesic effects (Lešnik et al., 2020). In this process, the signal pathway mediated by β-arrestin may lead to adverse reactions such as respiratory depression, constipation and desensitization (de Waal et al., 2020) (Figure 1). β-Arrestin knock-out mice exhibit prolonged morphine induced analgesia, increased resistance to respiratory depression, opiate dependence and tolerance, and constipation (Azevedo Neto et al., 2020). However, whether it participates in FIC remains unknown.
Citric Acid
Tanaka et al. have confirmed that citrate can induce cough in animals and humans by acting on respiratory C fibers (Nurmi et al., 2019; Tanaka and Maruyama, 2005). Fentanyl analogs are mostly prepared in the form of citrate. Therefore, the citric acid contained in those fentanyl analogs stimulates type-C fiber in the smooth muscle of the trachea and bronchi through pulmonary circulation, releasing neuropeptides and causing cough (Böhrer et al., 1990; Kamei et al., 2013). The difference in the incidence and severity of coughs among various opioids may be related to the content of citrate in opioids (El Baissari et al., 2014).
Opioid Receptor Hypothesis
Classical opioid receptors can be divided into three types: μ, κ and σ. As the most widespread opioid receptors, µ receptors have been confirmed to be widely involved in analgesia and sedation as well as other processes (Li et al., 2020; Valentino and Volkow, 2018) (Figure 2). As µ receptor agonists, fentanyl analogs can bind and activate μ1 receptors and play an analgesic role. However, in the actual medication process, fentanyl analogs can also bind μ2 receptor, causing respiratory depression, nausea and vomiting, cough and other adverse reactions (Raehal et al., 2011).
[image: Figure 1]FIGURE 1 | Side effects of opioid receptor agonists mediated by β-arrestin signaling pathway.
[image: Figure 2]FIGURE 2 | Classification of opioid receptor family.
Others
Fentanyl analogs may stimulate lung mast cells to release histamine and cause cough. Although fentanyl analogs rarely stimulate histamine release, the application of sodium cromoglycate to inhibit the release of histamine from mast cells can effectively reduce FIC incidence, indicating that histamine may be one of the causes of cough (Kamei et al., 2013). Fentanyl analogs can cause muscle stiffness, resulting in sudden adduction of the vocal cords or soft-tissue obstruction on the glottis, which subsequently induces coughing (Lin et al., 2004). Pre-injection of a low dose of vecuronium to relieve muscle stiffness can reduce FIC incidence (Oshima et al., 2006), indicating that muscle stiffness may also be the cause of cough.
INFLUENCING FACTORS OF FENTANYL-INDUCED COUGH
Influencing factors of FIC include personal physical condition (gender, age, race, smoking history, disease history, etc.) and fentanyl analogs (type, dose, concentration, injection site, injection rate, etc.) (El Baissari et al., 2014; Shuying et al., 2016).
Personal Physical Condition
Several studies have demonstrated that the incidence of FIC is higher in infants and young children (Golmohammadi et al., 2018; Han et al., 2010). Young age is one of the important factors for the occurrence of FIC. It has also been found that the Asian population (28%) are more sensitive to fentanyl analogs than the European population (3–6%) (Schäpermeier and Hopf, 2008). The history of smoking is controversial about FIC. Bailey (1999) found that smoking was more likely to induce cough. However, Dimitriou et al. (2006) found that not smoking and heavy smoking (more than 10 cigarettes per day) had no effect on FIC. Lin et al. confirmed the research results of Dimitriou et al. and found that light smoking (<10 cigarettes/day) could prevent FIC (Lin et al., 2005), which may be due to the inhibitory effect of nicotine on type-C fiber in light smokers, but not in heavy smokers (Millqvist and Bende, 2001).
Evaluation of Fentanyl Analogs
Coughs induced by different fentanyl analogs were variable in occurrence time, incidence and severity. Shen et al. found that equivalent doses of fentanyl, sufentanil and remifentanil had different effects on the incidence, severity and onset time of cough. Remifentanil leads to a higher incidence and severity of cough than the equivalent dose of fentanyl or sufentanil (54.3% vs. 33.3%, 30.5%) (Shen et al., 2008). There was no significant difference in the incidence and severity of cough than the equivalent dose of fentanyl or sufentanil, but the onset time of cough induced by sufentanil was prolonged and its severity was weaker (Shen et al., 2008). An earlier study found that both equivalent doses of sufentanil and fentanyl increased the incidence of cough, but the incidence and severity of cough with sufentanil were weaker than those with fentanyl (Agarwal et al., 2007). The difference between the results of the two studies may be related to the dosage, concentration, route of administration, sample size, race, use of diluent, and drug use by patients prior to the operation.
Many studies have demonstrated that the incidence of cough caused by intravenous administration of fentanyl analogs is proportional to the dose. The incidence of cough will increase from 6.6% to 61% during anesthesia induction with the speed of peripheral intravenous injection of fentanyl less than 2 s, when its dosage is increased from 2 to 4 μg⋅kg−1 (El Baissari et al., 2014). Some studies have found that when fentanyl 3 μg⋅kg−1 is administered at different drug concentrations (10,25, 50 μg⋅ml−1), the incidence of cough induced by 10 μg⋅ml−1 fentanyl (12%) is lower than that of 50 μg⋅ml−1 (32%) during the same injection time (3–5 s) (Yu et al., 2007).
Cough induced by different routes of fentanyl administration has also been evaluated in many studies. When fentanyl is administered at a high dose via a central vein, the incidence of cough is higher. Bohrer et al. found that the incidence of cough caused by central vein administration of high-dose fentanyl (7 μg⋅kg−1) could reach 45.9%, which was significantly higher than 2.7% caused by peripheral administration. This may be due to the direct stimulation of the pulmonary chemical reflex by fentanyl via central vein administration (Böhrer et al., 1990). Chen et al. (2009) found that there was no significant difference in the incidence of cough when the same dose of fentanyl was injected at the same rate through a forearm vein and through the foot or ankle vein, while the occurrence of cough was delayed in the foot or ankle vein group.
Schäpermeier and Hopf (2008) found that the incidence of cough was 3–6% when 1.5 μg⋅kg−1 fentanyl was injected at the speed of 2, 5 and 10 s, and they concluded that the injection rate was not related to the incidence of cough. However, Lin et al. (2004) found that further prolongation of the injection time could reduce the incidence of FIC. When 2 μg⋅kg−1 fentanyl was injected in under less than 2 s, the incidence of cough was 18%. When the injection time was prolonged to 30 s, the incidence of cough decreased to 1.3% (Lin et al., 2005). Administration of 2 μg⋅kg−1 fentanyl via a slow intravenous fluid line at rate of 0.058 µg⋅kg−1∙s−1 during induction reduced the incidence of FIC than via direct injection 9.1% vs. 55.9%, as were the severity grades (Liu et al., 2017). There were no statistical differences between the two groups with regard to other adverse reactions. When 1.5 μg⋅kg−1 remifentanil was injected in pediatric patients, the incidence of FIC decreased from 33% to 5% by increasing the injection time from 30 to 60 s (Kim et al., 2014a). When 4 μg⋅kg−1 fentanyl was injected into the peripheral vein (forearm) of the same site at 2 and 15 s, respectively, the incidence of cough was 44% and 8%, and the occurrence time was 16.1 ± 2.7 s and 23.2 ± 3.2 s (Chen et al., 2009). These results indicate that the lower the injection rate is, the lower the incidence and the more delayed the incidence time of cough will be.
PREVENTION AND TREATMENT OF FENTANYL-INDUCED COUGH
Based on the existing research results, there are numerous pharmacological and non-pharmacological approaches to prevent FIC (Table 1).
TABLE 1 | Comparison of the effective methods to prevent FIC.
[image: Table 1]Pharmacological Method
The Administration of Fentanyl Analogs
According to the above-mentioned factors related to FIC, the prevention and treatment of FIC can start from the administration of the drug itself, for instance, adjusting the dose and/or concentration of fentanyl analogs, reducing the speed of administration, and selecting appropriate administration routes (such as peripheral administration, etc.). It has also been found that pre-injection of low-dose fentanyl (0.5 μg⋅kg−1 or 25 μg directly) can alleviate FIC to some extent (Du et al., 2014; Golmohammadi et al., 2018; Hung et al., 2010; Shrestha et al., 2012). Pretreatment with a small dose of remifentanil 0.3 μg⋅kg−1, 1 min before sufentanil injection can effectively and safely reduce the incidence of cough induced by sufentanil (4.8% vs. 31%) (Lin et al., 2019).
Bronchodilator
Clonidine, as an α2-adrenoceptor agonist, can inhibit central nervous system excitation. It is known for its analgesic, anti-anxiety and sedative effects, and is widely used in preoperative drug therapy. Horng et al. (2007) found that pre-injection of 2 μg⋅kg−1 clonidine 2 min before fentanyl injection could effectively reduce the incidence of cough. The possible mechanism of clonidine in relieving FIC is currently unclear. It has been found that bilateral microinjections of clonidine into the caudal nucleus tractus solitarii (cNTS) or the caudal ventral respiratory group (cVRG) reduce cough responses at 0.5 mmol⋅L−1 and abolished the cough reflex at 5 mmol⋅L−1 (Cinelli et al., 2013), while oral administration of clonidine does not relieve reflex bronchoconstriction caused by citric acid and capsaicin (O’Connell et al., 1994). Similar to clonidine, pre-injection of dexmedetomidine can effectively reduce the incidence of cough but has no effect on the occurrence time and severity of it (He et al., 2012). He et al. (2012) found that intravenous dexmedetomidine (0.5 or 1 μg⋅kg−1) immediately before fentanyl (4 μg⋅kg−1) injection reduced the incidence of FIC from 61% to 40%, 18%. Related studies have found that α2-adrenoceptor agonists can reverse muscle stiffness or relieve tracheal smooth muscle contraction caused by histamine, thus reducing the incidence of cough (Mikami et al., 2017). However, as a class of conventional antihypertensive drugs, clonidine and dexmedetomidine are prone to side effects such as bradycardia and hypotension (Shehabi et al., 2019). The risk of bradycardia is significantly higher when the loading dose is greater than 0.7 μg⋅kg−1 (Tan and Ho, 2010). Pretreatment with dexmedetomidine intravenous infusion of 0.6 μg⋅kg−1 bolus given over 10 min reduced the severity of FIC effectively without adverse effects when fentanyl 4.0 μg⋅kg−1 was injected with the injection time of 5 s (Zhou et al., 2019).
Studies have shown that β2-adrenoceptor agonists such as salbutamol, terbutaline, ephedrine, etc. (as bronchial relaxants) can effectively alleviate FIC. Pre-inhalation of salbutamol (concentration not mentioned) or terbutaline (5 mg) 15 min before fentanyl injection can reduce FIC (Agarwal et al., 2007; Lui et al., 1996). Lin et al. (2004) found that the incidence of cough decreased from 65% to 21% in the control group after pre-injection of 5 mg ephedrine.
Kamei et al. (1989) found that N-methyl-d-aspartic acid (NMDA) receptors are widely distributed in the larynx, trachea, lung and other tissues, and their agonists can trigger airway contraction and induce cough response. Ketamine is an antagonist of NMDA receptor which can cause bronchiectasis. Pre-injection of 0.15 mg⋅kg−1 ketamine 1 min before administration of fentanyl (1.5 μg⋅kg−1, injected within 5 s) during induction of general anesthesia can effectively reduce the incidence of cough induced by fentanyl (21.6% vs. 7.2%) and delay its occurrence time 20 s ± 8 s vs. 15 s ± 10 s (Yeh et al., 2007). Durieux (1995) reported that ketamine could effectively block the muscarinic signals and cause bronchiectasis through its peripheral anticholinergic effect. At the same time, Sato et al. (1998) found that ketamine could also inhibit the release of histamine caused by NMDA receptor activation, and then dilate the bronchus. At present, ketamine is limited in use due to its side effects of hallucination and elevated intracranial pressure, intraocular pressure and blood pressure during general anesthesia (Shuying et al., 2016). It has been reported that dextromethorphan, also as an NMDA receptor antagonist, may have similar effects to ketamine (Mukherjee et al., 2011).
Propofol, commonly used in general anesthesia, is found to have tracheal relaxation effects. The mechanism of propofol preventing FIC may be related to the inhibition of NMDA receptor or direct inhibition of bronchoconstriction (Burburan et al., 2007). Pre-emptive use of minimal dose intravenous propofol (20 mg) 1 min prior to 4 μg⋅kg−1 fentanyl injection was effective in suppressing a FIC (25.6% vs. 74.4%) (Sedighinejad et al., 2013). Firouzian et al. (2015) found that administration of low dose of propofol (10 mg) 2 min before fentanyl (2 μg⋅kg−1) injection over 2 s can reduce the incidence of FIC from 40.8% to 9.2% without accompanying hemodynamic changes. Controversially, Lin et al. (2004) observed that pre-injection of 0.6 mg⋅kg−1 propofol could not inhibit FIC.
Lidocaine has been proved to have the effect of reducing airway reflex, including cough response during endotracheal intubation, extubation and bronchography, which may be due to its central role of inhibiting brainstem function, or its peripheral role by blocking the tracheal and pharyngeal cough receptors (Clivio et al., 2019; Sun et al., 2014). Golmohammadi et al. (2018) found that pre-injection of 1 mg⋅kg−1 lidocaine could significantly reduce the incidence of FIC. Another study found that 0.5 mg⋅kg−1 lidocaine had a significant effect and that increasing the concentration to 1.5 mg⋅kg−1 did not further reduce the incidence and severity of FIC (Pandey et al., 2005). A recent meta-analysis also showed that both low (0.5–1 mg⋅kg−1) and high doses of lidocaine (1.5–2 mg⋅kg−1) were effective at reducing FIC incidence, there was no significant difference between low or high doses of lidocaine (Tan et al., 2018). However, high doses of lidocaine may lead to arrhythmia and depression (Schlimp and Wiedermann, 2005).
Antihistamines
Fentanyl analogs may stimulate the release of histamine from lung mast cells to cause cough. Inhibition of histamine release can inhibit FIC. The use of pheniramine maleate (45.5 mg) before induction reduces the incidence of FIC to 2.5% (Ozmen et al., 2016). Beclomethasone is an adrenocortical hormone with anti-inflammatory, anti-allergic and antipruritic effects. It can inhibit bronchial secretion, eliminate the mucosal swelling of bronchus and relieve bronchospasm. It has been confirmed that the incidence of cough decreases to 0 when beclomethasone is inhaled 15 min before entering the room and fentanyl is given at 2 μg⋅kg−1 after entering the room, which is significantly lower than that in the control group (28%) (Agarwal et al., 2003). Dexamethasone, as an isomer of beclomethasone, can stabilize mast cells and inhibit histamine release (Lin et al., 2007). At the same time, it can reduce the promoting effect of tachykinin on bronchospasm and stimulate neutral endopeptidase to reverse the increased airway responsiveness of airway epithelial cells (Murlas et al., 1993). Therefore, dexamethasone can be used to prevent FIC. Studies by Yu et al. (2011) and Lin et al. (2007) have both confirmed that pre-injection of 10 mg dexamethasone can effectively reduce the incidence of FIC and cromoglycate can also inhibit histamine release and prevent FIC (Agarwal et al., 2003).
Opioid Receptor Agonist and Antagonists
As a κ receptor agonist, dezocine is also a partial µ receptor antagonist. It has been found that pre-injection of dezocine can effectively suppress FIC. Researchers believe that it is possible that dezocine competitively binds to µ receptor, resulting in the decrease of fentanyl binding to µ receptor or inhibition of histamine release, thereby alleviating cough response (Soleimani et al., 2017). A meta-analysis showed that 0.1 mg⋅kg−1 dezocine significantly reduced the incidence and severity of sufentanil-induced cough in the induction of general anesthesia, but had no significant effect on vital signs (Xiong et al., 2020). Pentazocine, as an agonist of κ and σ receptors as well as a partial µ receptor antagonist, has been proved to be effective in suppressing cough. According to a study by Qing et al., the incidence of cough can be reduced from 22.6% to 4.3% with pre-injection of 0.5 mg⋅kg−1 pentazocine (Ai et al., 2010). In addition, other opioid agonists-antagonists, such as butorphanol, nalbuphine, and oxycodone can also effectively suppress FIC (Cheng et al., 2016; Dai and Cao, 2020; Wang et al., 2020; Yin and Zhang, 2019).
As a selective opioid receptor antagonist, naloxone and nalmefene completely antagonize µ- and δ-opioid receptor and act as a partial agonist at κ-opioid receptor (Ohgi, 2020). A low dose can selectively enhance the analgesic potency of morphine or other opioid agonists, it accounted for by selective antagonism of morphine’s excitatory effects mediated by Gs-coupled opioid receptor functions (Crain and Shen, 2000). Cotreatment with low-dose naloxone also attenuated other hyperexcitability side-effects of morphine, e.g., nausea, vomiting, and pruritus (Gan et al., 1997). Joshi et al. (1999) found that 15 μg nalmefene significantly decreased the need for antiemetics and antipruritic medications in patients receiving intravenous patient-controlled analgesia with morphine. Combined with the mechanism of FIC, related studies have shown that pre-injection of nalmefene can alleviate FIC (Liu et al., 2016; Osborn et al., 2010).
Muscle Relaxant
Vecuronium, as a muscle relaxant, has been proved to reduce FIC. The mechanism may be related to a low dose of vecuronium and can effectively relieve muscle stiffness and glottic disorders induced by fentanyl analogs (Horng et al., 2012).
Magnesium Sulfate
Magnesium sulfate (MgSO4) is reported to have a powerful relaxation of airway smooth muscle, so it is often proposed to treat asthma (Javor and Grle, 2019). Liu et al. found that the incidence of FIC declined from 50.0% to 20.0% and 5.4% after the usage of 30 and 50 mg⋅kg−1 of MgSO4, respectively. However, because injection of MgSO4 can cause hypermagnesemia, which may lead to serious inhibition of neuromuscular excitability, injection with 50 mg⋅kg−1 of MgSO4 increased the plasma magnesium levels at the end of its infusion and several patients accounting for obvious burning sense (Liu et al., 2015). Pretreatment with MgSO4 30 mg⋅kg−1 can safely suppress the incidence and severity of cough induced by fentanyl (5.0 mg⋅kg−1) or sufentanil (1.0 μg⋅kg−1) during anesthetic induction (An et al., 2015; Liu et al., 2015).
Non-Pharmacological Methods
Compared to non-pharmacological methods, pharmacological methods may be expensive and may have an added risk of side effects resulting in prolonged hospital stay (Kim et al., 2014b).
Ambesh et al. found that the incidence of cough could be reduced from 32% to 4% without severe FIC in the control group where patients were asked to perform a huffing maneuver prior to the fentanyl injection. The authors speculated that the tracheobronchial stretch receptors might have been pre-treated during that process, hence significantly reduced the incidence of FIC (Ambesh et al., 2010). Gupta et al. (2019) also found that pre-emptive Huff’s maneuver and acupressure could reduce the incidence of fentanyl induced cough. Preoperative incentive spirometry has an important role in anesthesia practice, improving pulmonary function in patients with chronic obstructive and restrictive lung diseases and preventing postoperative atelectasis. Goyal et al. (2017) found that preoperative incentive spirometry before giving fentanyl would suppress FIC, along with the secondary benefit of preventing postoperative pulmonary complications. Furthermore, Sako et al. (2017) showed that swallowing action immediately before intravenous fentanyl also reduce the incidence of FIC from 40.4% to 14.0%.
In summary, in addition to the physiological prevention of FIC, the appropriate drugs for pharmacological treatment of cough include lidocaine, dexmedetomidine, dezocine, low-dose fentanyl and magnesium sulfate (MgSO4). Several independent experiments have proved to be effective with relatively minor side effects without affecting the analgesic effect of fentanyl analogs.
PROSPECTS
Fentanyl analogs are widely used during the perioperative period as commonly used analgesics. However, they are prone to induce FIC which may interfere with the surgical process and postoperative recovery. Therefore, it is necessary to prevent and treat cough during anesthesia. Most of the existing studies are currently focusing on preventing or suppressing FIC, such as a bronchodilator or muscle relaxant. Some achievements have also been made by using agonist antagonists or endogenous antagonists to inhibit the side effects of fentanyl analogs but more clinical samples are needed to verify the dose-response relationship and timing of administration between the above-mentioned drugs and fentanyl analogs. The internal mechanism of FIC is currently unclear and should be the focus of future research, and eventually a safer and more effective preventive treatment method will be found.
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Details

A priming dose of 0.5 ug kg™" or 25 pg fentanyl
Dexmedetomidine 0.6 pgkg ™ given intravenously over 10 min
Ketamine 0.15 mg-kg ™" given intravenously over 10's, 1 min
before administration of fentany!

Propofol 10 mg, iv., 2 min before administration of fentanyl
Lidocaine 0.5-1.5 mgkg ™" given intravenously over 5s, 1 min
before administration of fentany!

Inhaled beclomethasone 15 min before entering the room and
fentanyl is given after entering the room

Pre-injection of 10 mg dexamethasone

Dezocine 0.1 mg kg™, i.v., 2 min before administration of
sufentanil

MgS0, 30 mg kg™, i.v., 1 min before administration of fentanyl

Administration of fentanyl via a slow intravenous fiuid line at
0.058 ugkg™"s™ during induction

Administration of fentanyl by mechanical dropper at 1 mi-s™"

5 ugkg " fentanyl intravenously injected in 30's

Patients were asked to huff (only once) after a deep inspiration.
The act of huffing lasted <5 s and was standardized to all patients.
Fentanyl injection was started immediately after the completion of
huffing maneuver

Perform the swallowing action immediately before intravenous
fentany!

Limitations
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