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Abstract: Objective: Fentanyl-induced cough (FIC) is a common complication with a reported incidence from
18.0% to 74.4% during general anesthesia induction. FIC increases the intrathoracic pressure and risks of postoper-
ative nausea and vomiting, yet available treatments are limited. This study was designed to investigate whether ad-
ministering fentanyl via a slow intravenous fluid line can effectively alleviate FIC during induction of total intravenous
general anesthesia. Methods: A total number of 1200 patients, aged 18-64 years, were enrolled, all of whom were
American Society of Anesthesiologists (ASA) grade | or Il undergoing scheduled surgeries. All patients received total
intravenous general anesthesia, which was induced sequentially by midazolam, fentanyl, propofol, and cisatracurium
injection. Patients were randomly assigned to receive fentanyl 3.5 pug/kg via direct injection (control group) or via a slow
intravenous fluid line. FIC incidence and the severity grades were analyzed with the Mann-Whitney test. Other adverse
reactions, such as hypotension, hypertension, bradycardia, tachycardia, hypoxemia, vomiting, and aspiration, during
induction were also observed. The online clinical registration number of this study was ChiCTR-IOR-16009025. Re-
sults: Compared with the control group, the incidence of FIC was significantly lower in the slow intravenous fluid line
group during induction (9.1%, 95% confidence interval (CI): 6.7%—11.4% vs. 55.9%, 95% CI: 51.8%—60.0%, P=0.000),
as were the severity grades (P=0.000). There were no statistical differences between the two groups with regard to
other adverse reactions (P>0.05). Conclusions: The administration of fentanyl via a slow intravenous fluid line can
alleviate FIC and its severity during induction for total intravenous general anesthesia. This method is simple, safe, and
reliable, and deserves clinical expansion.
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1 Introduction jection can cause the so called fentanyl-induced
cough (FIC) during the induction, which may be ex-
plosive or even life-threatening (He et al., 2016; Park

et al., 2016). It is particularly dangerous for those

Fentanyl is widely used for perioperative anal-
gesia due to its rapid onset, short duration, intense

analgesia, and low histamine release (Li et al., 2005;
Peter, 2011; Faruqi et al., 2014; Karbasy and De-
rakhshan, 2016). However, fentanyl intravenous in-
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patients suffering from airway diseases, acute upper
airway obstruction, cerebral aneurysm, increased
intracranial pressure, brain trauma, brain hernia, or
dissecting aortic aneurysm, as severe FIC could lead
to pneumothorax, optic nerve injury, or rupture of
aneurysms (Lim et al., 2013; Saleh et al., 2014;
Firouzian et al., 2015; Park et al., 2016; Peringathara


Administrator
新建图章

http://crossmark.crossref.org/dialog/?doi=10.1631/jzus.B1600442&domain=pdf

956 Liu et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2017 18(11):955-962

and Robinson, 2016). In clinical settings, the reported
incidence of FIC is variable (18.0%—74.4%) de-
pending on the dosage, infusion speed, and route of
administration (Sedighinejad et al., 2013; Solanki
et al., 2016). Exploring a simple, safe, and effective
way to reduce FIC, especially for those who have
poor tolerance to cough, is therefore of utmost
importance.

Several drugs have been used thus far, in an at-
tempt to reduce FIC during general anesthesia induc-
tion, such as dexmethorphan (Mukherjee et al., 2011),
lidocaine (Gecaj-Gashi et al., 2013), ketamine (Saleh
et al., 2014), dexmedetomidine (Saleh et al., 2014),
propofol (Sedighinejad et al., 2013; Firouzian et al.,
2015), magnesium sulphate (Liu et al., 2015), dezo-
cine (Xu et al., 2015), and butorphanol (Cheng et al.,
2016). Non-pharmacological methods have also been
used to successfully reduce FIC, such as prolonging
the injection time (Lin et al., 2005) and diluting the
fentanyl with saline (Solanki et al., 2016). These
methods all require either excessive medication or
expensive equipment and complicated procedures in
order to alleviate FIC. In this work, we hypothesize
that a simple method of administering diluted fenta-
nyl via a slow intravenous fluid line could help to
reduce FIC as it replicates the effects of dilution and
prolonged injection time.

2 Materials and methods
2.1 Patient recruitment

The study was approved by the Medical Ethics
Committee of Shenzhen Third People’s Hospital,
Guangdong, China, on April 8, 2016 (approval No.
2016-042), and was registered with the Chinese

Clinical Trial Register (No. ChiCTR-IOR-16009025).

Written informed consent was obtained from all par-
ticipants. Altogether 1200 patients aged between 18
and 64 years were recruited and were classified as
Grade I or II in accordance with the physical status
classification system of American Society of Anes-
thesiologists (ASA). All of them were scheduled for
general anesthesia for elective surgeries. The exclu-
sion criteria include those with body weight exceed-
ing 20% of the ideal body weight, with impaired
kidney or liver functions, with a history of bronchial
asthma or chronic obstructive pulmonary disease,

smokers, those who had an upper airway infection in
the last two weeks, with a history of circulated system
disease, with hypersensitivity to general anesthetics,
with treatment of angiotensin-converting enzyme
inhibitors, with drug abuse, with a known hypersen-
sitivity to fentanyl, and those who were anticipated to
have difficult airway intubation. Patients were also
excluded after recruitment for coughing or having a
basal heart rate (HR) <50 or >100 beats/min, or a
mean arterial pressure (MAP) <60 mmHg (1 mmHg=
0.133 kPa), or a pulse oxygen saturation (SpO,)
<90% after administration in the operation room.

2.2 Study design

Patients were randomly assigned to one of two
groups of 600 using a computer-generated table of
random numbers, assigning odd-numbered patients to
the control group (Group C) and even-numbered ones
to the slow intravenous fluid line group (Group S). All
patients received an intramuscular injection of atro-
pine (0.5 mg) and sodium phenobarbital (0.1 g) 30 min
prior to being taken to the operating room. Electro-
cardiography, non-invasive blood pressure, SpO,,
end tidal CO, partial pressure, axillary temperature,
bispectral index, and the degree of neuromuscular
blockade were monitored continuously during the
whole procedure. Peripheral venous access was se-
cured using a 20-G intravenous cannula on the dorsal
hand, which was connected to 0.9% (9 g/L) NaCl
infusion via a slow intravenous fluid line (Murphy’s
dropper system). A volume of 4 ml of saline was left
in the Murphy’s dropper, the whole dose of the fluid
line was 10 ml, and the infusing rate was 10 ml/(kg-h).
During the induction period, patients in Group C
received a sequential injection (with 2 min-interval
between each drug) of 0.1 mg/kg midazolam injection
(Jiangsu Nhwa Pharmaceutical Co., Ltd., Xuzhou,
China), 3.5 pg/kg fentanyl citrate injection (Yichang
Humanwell Pharmaceutical, China; injected within
5's), 1.0-1.5 mg/kg propofol (AstraZeneca Pharma-
ceutical Co., Ltd., Shanghai, China) to achieve the
bispectral index around 40-60, and 0.15 mg/kg cisa-
tracurium besilate for injection (Jiangsu Hengrui
Medicine Co., Ltd., China) via direct injection (Fig. 1a).
The same dose of fentanyl was added to the Murphy’s
dropper (added within 2 s) in Group S (Fig. 1b), and
the other drugs were injected in the same way as
in Group C. In addition, patients in Group S also
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received an injection of the same amount of normal
saline with the same rate via infusion, and patients in
Group C received the same amount of saline injection
into the slow intravenous fluid line. Endotracheal
intubation was conducted when the first twitch re-
sponse of train-of-four stimulation fell to its lowest
and repeated no less than three times.

Fig. 1 Applying fentanyl via direct injection (a) and
Murphy’s dropper (b)

2.3 Data collection

The anesthesiologist involved in induction and
maintenance of anesthesia knew which group each
patient was allocated to, so coughing and other pa-
rameters were observed and recorded by another an-
esthesiologist who was blinded to the group alloca-
tion. Any episode of coughing movement after fen-
tanyl administration (within 2 min) was classified as
FIC. The severity of FIC was graded as follows: none
(0), mild (1-2), moderate (3—4), or severe (5 or more)
based on previous studies (Saleh et al., 2014; Xu et al.,
2015). Vital signs were recorded every 2 min during
induction (from drug administration to 5 min after

endotracheal intubation). Hypotension was defined as
a decrease in MAP of over 20% or noninvasive blood
pressure (NIBP) <90/60 mmHg (Kalezic et al., 2013;
Walsh et al., 2013). Hypertension was defined as an
increase in MAP of over 20% or NIBP>140/90 mmHg
(Joseph and Paul, 2008; O'Shaughnessy and Adams,
2015). Bradycardia was defined as HR<50 beats/min
(Kinsella and Tuckey, 2001), while tachycardia was
defined as HR>100 beats/min (Kurokochi, 2001).
Sp0,<90% was diagnosed with hypoxemia (Rozé
et al., 2011; de Graaff ef al., 2013). The adverse re-
actions such as vomiting and aspiration during the
induction period were also recorded.

2.4 Statistical analyses

Statistical analyses were performed using SPSS
13.0 statistical package (SPSS Inc., Chicago, IL,
USA). Group comparisons of age, weight, and height
were analyzed using the independent r-test. Fre-
quency of FIC was analyzed with the Mann-Whitney
test. The proportions of sex and other adverse reac-
tions between groups were compared using the
Chi-square test or Fisher’s exact test. Data are pre-
sented as meanzstandard deviation (SD), number, or
percentage. P<0.05 was considered to be statistically
significant.

3 Results
3.1 Demographic profile

A total of 1200 patients were assessed for eligi-
bility. Among them, 62 (5%) patients were excluded
from the analysis. No severe adverse events were
observed that would lead to a termination of the study.
The data from a total of 1138 (95%) patients were
analyzed, including 565 cases in Group C and 573
patients in Group S (Fig. 2). The demographic profile
of the patients was similar between two groups
(P>0.05; Table 1).

3.2 Incidence and its severity of FIC

There was a statistically significant difference in
the incidence of FIC between the two groups, with
55.9% (316/565) of patients experiencing FIC in
Group C (95% confidence interval (CI): 51.8%—
60.0%), and 9.1% (52/573) in Group S (95% CI:
6.7%—11.4%) (P=0.000).
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Assessed for eligibility (n=1200)

Excluded (n=0)

¥”: -Unmet the inclusion criteria (n=0)
-Declined to participate (n=0)
-Other reasons (n=0)

| Randomized (n=1200) |

Group C:
control group

'

A Allocation

Group S:
slow intravenous fluid line group

'

Allocated to intervention (n=600)
-Received allocated intervention (n=600)
-Did not receive allocated intervention (n=0)

Allocated to intervention (n=600)
-Received allocated intervention (n=600)
-Did not receive allocated intervention (n=0)

Lost to follow-up (n=35)
-8 with mild cough and throat discomfort;
-2 with bradycardia;
-7 with tachycardia;
-6 with hypertension;
-6 with tachycardia and hypertension; <4
-2 with mild cough and tachycardia;
-3 with mild cough, tachycardia, and
hypertension simultaneously;
-1 with slight cough and hypertension

Discontinued intervention (n=0)

A

Analysis

Lost to follow-up (n=27)
-6 with mild cough and throat discomfort;
-1 with bradycardia;
-8 with tachycardia;
-6 with hypertension;
4 with tachycardia and hypertension;
-1 with mild cough and tachycardia;
-1 with mild cough, tachycardia, and
hypertension simultaneously

Discontinued intervention (n=0)

A\ 4

Analyzed (n=565)
Excluded from analysis (n=0)

Analyzed (n=573)
Excluded from analysis (n=0)

Fig. 2 Flow diagram of the study

The difference in the cough severity for Group C
vs. Group S was also statistically significant (all
P=0.000): none, 44.1% (95% CI: 40.0%—48.2%) vs.
90.9% (95% CI: 88.6%-93.3%); mild, 26.0% (95%
CI: 22.4%-29.6%) vs. 5.1% (95% CI: 3.3%—6.9%);
moderate, 18.9% (95% CI: 15.7%22.2%) vs. 4.0%
(95% CI: 2.4%-5.6%); severe, 11.0% (95% CI:
8.4%—-13.6%) vs. 0, and no one in Group S suffered
from severe cough (Table 2).

3.3 Other adverse reactions

There was no significant difference in hypoten-
sion, hypertension, bradycardia, or tachycardia be-
tween the two groups (P>0.05). Furthermore, no
patient suffered from hypoxemia, vomiting, or aspi-
ration during the induction period in either group
(Table 3).

4 Discussion

The incidence of FIC is variable in different
countries and disparate departments. Sedighinejad
et al. (2013) from Iran observed 74.4% of FIC when
patients directly received 4 pg/kg fentanyl (Fentanyl-
hamlen Pharmaceutical Co., Germany) while the rate
dropped to 25.6% with a pre-emptive use of 20 mg
propofol (Pofol 1%, Dangkook Pharm. Co., Ltd.,
Korea). This study found that the order of medication
administration during anesthesia induction was very
important. Liu ef al. (2015) from China found that the
incidence of FIC was 45.0% via injection with
5.0 pg/kg of fentanyl within 5 s. Solanki et al. (2016)
from India found an incidence of 12.7% when pa-
tients received undiluted fentanyl at 3 pg/kg but only
6.8% in the diluted group. The latter two studies
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Table 1 Demographics of the two groups

Group Sex (M/F) Age (year) Weight (kg) Height (cm)
Group C (n=565) 244/321 40+12 57+8 162+8
Group S (n=573) 259/314 39+12 569 163+7
P 0.512 0.210 0.326 0.225
Data are presented as number or meantSD
Table 2 Incidence and the severity of fentanyl-induced cough (FIC)
Incidence of FIC severity
Group -
None Mild Moderate Severe Total
Group C (n=565) 249 (44.1%) 147 (26.0%) 107 (18.9%) 62 (11.0%) 316 (55.9%)
Group S (n=573) 521 (90.9%) 29 (5.1%) 23 (4.0%) 0(0.0%) 52(9.1%)
P 0.000 0.000 0.000 0.000 0.000
Data are presented as number (percentage)
Table 3 Incidences of other adverse reactions
Adverse reaction
Group ; ; , , ; — —
Hypotension Hypertension Bradycardia Tachycardia Hypoxemia Vomiting Aspiration
Group C (n=565) 175 (30.9%) 40 (7.1%) 73 (12.9%) 90 (15.9%) 0 (0.0%) 0(0.0%)  0(0.0%)
Group S (n=573) 166 (28.9%) 34 (5.9%) 63 (11.0%) 69 (12.0%) 0 (0.0%) 0(0.0%)  0(0.0%)
P 0.477 0.472 0.361 0.060 1.000 1.000 1.000

Data are presented as number (percentage)

revealed the significance of the dose and dilution of
fentanyl in FIC. Mukherjee et al. (2011) from India,
however, found an incidence rate of 59.8% while
injecting fentanyl 2 pug/kg in 2 s, which indicated the
injection time also played an important role. Lim et al.
(2013) from Korea reported that the literature sug-
gests an incidence rate of FIC between 18.0% and
68.0%. Unfortunately, rare brand names and manu-
facturers of fentanyl were used in the above studies;
therefore, we were not able to confirm whether the
preservatives and other pharmaceutical components
in fentanyl were the same across different reports.
Several mechanisms are described for FIC, in-
cluding: (1) an inhibition of central sympathetic ac-
tivity, leading to vagal predominance, causing reflex
bronchial contract and inducing a cough (Rozé et al.,
2011); (2) inducing pulmonary columnar epithelial
cells to release histamine, which enhances cough
sensitivity and causes bronchospasm (Kamei et al.,
2013; el Baissari et al., 2014); (3) enhancing the ex-
citability of rapidly adapting bronchial receptors or
forming a reflex cough (Cinelli et al., 2013); (4) in
combination with the p receptors and k receptors in

the bronchial trees, activating the presynaptic C fiber to
release neuropeptides, which cause bronchial smooth
muscle contraction and increase vascular permeability,
resulting in a choking cough (Jung et al., 2011; Ci-
nelli et al., 2013); (5) the citric acid in citrate fentanyl
can trigger bradykinin to be released by the peripheral
tissue primary nerve, activating neurokinin-1 and
neurokinin-2 receptors and causing neurogenic in-
flammation and bronchoconstriction and a choking
cough (Kamei et al., 2013). All of these mechanisms
are well studied; however, there are few methods that
can effectively inhibit FIC.

Previous studies with several anesthetic adjuncts,
such as sodium chromoglycate (Agarwal et al., 2003),
beclomethasone (Agarwal et al., 2003), dexmeth-
orphan (Mukherjee et al., 2011), lidocaine (Gecaj-
Gashi et al., 2013), salbutamol (Saleh et al., 2014),
dexmedetomidine (Saleh et al., 2014), ketamine
(Saleh et al., 2014), propofol (Sedighinejad et al.,
2013; Firouzian et al., 2015), dezocine (Xu et al.,
2015), magnesium sulphate (Liu et al., 2015) and
butorphano (Cheng et al., 2016), have been demon-
strated to effectively decrease FIC. However, there
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was no unified standard, and the use of preventative
drugs might produce other drug-related complications,
thus prophylactic use of drugs should be strictly lim-
ited. Furthermore, some non-pharmacological meth-
ods, such as prolonged injection time (Lin et al., 2005;
Yu et al., 2007) and dilution of fentanyl (Yu et al.,
2007; Solanki et al., 2016) have been used to suppress
FIC, which were attributed to the decreasing fentanyl
concentration of blood. Yet, excessive dilution or
injecting too slow would reduce the adherence of
anesthesiologists.

To address a feasible way to dilute fentanyl
during induction, we added it into a slow intravenous
fluid line, and this was equivalent to having a con-
tinuous and dynamic process of dilution. When the
added drugs came into contact with the original liquid
in the Murphy’s dropper, the first dilution began. The
second dilution occurred in the saline flow which was
continuously coming from the infusion bags. And
when the drugs continuously dropped down to the
flow tube, the third dilution process was achieved.
This method was not only simple and feasible, but
also limited the medicine concentration and the
maximum infusion speed. In Group C, 3 pg/kg fen-
tanyl was injected within 5 s, the actual rate was faster
than 0.7 pg/(kgs). In Group S, however, the original
amount of saline in the fluid line (from Murphy’s
dropper to intravenous cannula) was about 10 ml, as
the infusing rate was 10 ml/(kg-h), the fentanyl in-
jection time was 1 min or so, and the actual infusion
rate was roughly 0.058 pg/(kg's). Moreover, the os-
molality and pH of fentanyl had been changed to an
ideal extent. Changes in osmolality and pH reduce
stimulation of irritant receptors in tracheal smooth
muscle cells and C fiber receptors in pulmonary
vessels, thus suppressing the cough reflex (Yu et al.,
2007). In this case, the FIC incidence and severity
triggered by fentanyl were decreased dramatically.

Our study evaluated a simple method to admin-
ister fentanyl via a slow intravenous fluid line, which
successfully reduced FIC during induction for total
intravenous general anesthesia. Furthermore, this
system can also alleviate the severity of FIC without
any other pharmacological treatment.

There are some limitations in our study. Firstly,
it was a single-blind study, some subjective differ-
ences between two groups may be observed in a
double-blind study. Secondly, to reduce the patients’

discomfort and the incidence of intraoperative
awareness, fentanyl was applied after midazolam,
which may impair the actual occurrence of FIC
through Murphy’s dropper, thus a larger sample size
without premedication would be beneficial to remove
this bias.

5 Conclusions

The application of fentanyl via Murphy’s drop-
per can effectively alleviate FIC during the general
anesthesia induction. This method is simple, safe and
reliable, especially for developing countries or for
under-equipped hospitals, or even for emergency
situations such as in the battlefield.
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