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Abstract

Sufentanil is the most potent opioid use today in clinical practice, yet there is scarcity in 
the literature addressing this novel drug. The purpose of this article is to review sufentanil’s 
pharmacologic characteristics, the historical reasons for its development, and its current and future 
clinical applications after a recently developed sublingual formulation.

ABBREVIATIONS
FDA: Food and Drug Administration; AAG: α1-acid 

glycoprotein; EEG: Electroencephalographic; CSt1/2: Context‐
sensitive half‐time; t1/2ke0: blood‐effect‐site equilibration half‐
life; CNS: Central Nervous System; SSEP: Somatosensory Evoked 
Potentials; LD 50: lethal dose in 50% of animals; ED 50: Effective 
dose in 50% of animals; ICP: Intracranial Pressure; PCA: Patient 
Controlled Analgesia; MEPs: Motor Evoked Potentials; IAs: 
Inhalation Anesthetics; NSAIDs: Non-steroidal Anti-inflammatory 
Agents.

INTRODUCTION
Sufentanil, a synthetic analogue of the opioid fentanyl, was 

synthesized in the 1970s and approved for clinical use by the 
United States Food and Drug Administration (FDA) in 1984 
[1,2]. A highly selective μ‐opioid receptor agonist, intravenous 
sufentanil has been used extensively in anesthesia practice and 
especially in the context of cardiac surgery [1]. In addition to its 
most common routes of administration, intravenous, intrathecal 
and epidural, more recently, there has been increased interest 
in a sublingual formulation for the management of acute and 
chronic pain. In our article we will discuss the pharmacokinetic 
and pharmacodynamic profiles of sufentanil, the clinical reasons 
for its development and its current obstetric and perioperative 
applications. 

DISCUSSION & CONCLUSION
Chemical Structure 

Sufentanil is a thienyl derivative of fentanyl, a 
4-anilidopiperidine [3] (Figure 1).

Mechanism of Action

Similar to the other members of this class, sufentanil produces 
physiologic effects through μ-receptor agonist activity. Indeed, 
sufentanil has 100 times more affinity for the μ‐opioid receptor 
than the δ-receptor [4]. In addition when compared to fentanyl 
and morphine it has shown to be more selective too for the μ‐
opioid receptor, this explains the fact that sufentanil is 10 times 
more potent than fentanyl [1,5,6]. 

Pharmacokinetics 

Sufentanil is a highly lipid soluble molecule. This 
pharmacokinetic characteristic allows the drug to cross freely 
the blood-brain barrier and achieve a fast onset of action [5]. 
Sufentanil’s pKa is 8.1, and this means that at physiologic pH it 
is highly ionized [6,7]. To further understand sufentanil’s pKa 
effect on its bioavailability, one should compare sufentanil to 
alfentanil. Alfentanil has a pKa of 6.5 and at physiologic pH exists 

 

Figure 1 Sufentanil.
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in a non-ionized form, this makes it readily available at site 
specific receptors achieving peak brain effect site concentration 
after 1.4 min of intravenous administration [7,8], Whereas 
sufentanil instead takes, 6.2 +- 2.8 min, similar to fentanyl, 6.6 
+- 2.8 min [7].Yet, another sufentanil pharmacokinetic property 
is that is heavily protein-bound, 90%, predominantly to α1-acid 
glycoprotein (AAG) [1,6,7]. This is an important pharmacokinetic 
characteristic to consider if used in neonates and infants. In 
these age groups AAG plasma levels are low as reported by 
Meistelman C. et al., therefore avoiding or decreasing the dose is 
recommended, this subject will be addressed again in this article 
[9]. 

Clearance 

Several studies have shown that the pharmacokinetic 
profile of intravenous sufentanil follows a three‐compartment 
model [6,10,11]. In the adolescent population, the elimination 
of sufentanil goes through 3 phases and averages about 164 
minutes in total [12].There is an initial distribution phase, a 
redistribution phase, and then a terminal elimination phase. 
The first two phases are the shortest, while the terminal phase 
takes up the majority of the half-life plasma time. In children, the 
elimination half-life is around 97 minutes, but in neonates, that 
time actually increases to 434 minutes [12].This difference is due 
to the changes in volume of distribution that correlate with age 
and degree of liver and kidney function. Another determining 
factor for rate of elimination and clearance is hepatic blood 
flow. The greater the hepatic blood flow, the higher the hepatic 
extraction ratio, which results in a faster clearance rate [13]. 

Following intravenous administration, peak plasma 
concentration is achieved after 3 minutes, whereas the average 
onset of action, as defined by evidence of electroencephalographic 
(EEG) slowing, is approximately two minutes following injection 
[8,11]. 

Compared to fentanyl, sufentanil has a smaller volume 
of distribution [1,5,6]. In keeping with its lipophilic nature, 
sufentanil’s volume of distribution is approximately three times 
that of total body water, with the peripheral tissue compartment 
acting as a reservoir for the drug [6]. Following a bolus injection, 
sufentanil is rapidly redistributed from the plasma, with an 
initial fast distribution half-time of 1.4 minutes, followed by a 
redistribution half-life of 18 minutes [1,10,14]. The terminal half-
life has been found to be 2.5 hours [8]. 

Several studies have found that the volume of distribution of 
sufentanil is affected by the arterial partial pressure of carbon 
dioxide and by the acid-base status [5,9,10]. Demonstrated that 
reductions in pH secondary to respiratory or metabolic acidosis 
results in an increased ionization of sufentanil, reducing its protein 
binding, metabolism and clearance and therefore prolonging its 
duration of action [9]. Conversely, hyperventilation has been 
shown to produce the opposite effect, increasing the drug’s 
volume of distribution and its elimination half-life, possibly due 
to an increase of its non-ionized form [5,15]. 

Context‐sensitive half‐time (CSt1/2) is the time needed for 
the plasma concentration of the drug to decrease by 50% from 
a steady state [3]. The ideal CSt1/2 of an analgesic drug should be 

neither too short allowing an early return of pain in the immediate 
postoperative period nor too long which may produce protracted 
side effects including, postoperative sedation, and respiratory 
failure requiring re-intubation. The CSt1/2 of sufentanil is about 1 
hour after an i.v. infusion lasting for 6 hours, which is much faster 
than the CSt1/2 of fentanyl > 6 hours [4].This is the reason why 
intraoperative sufentanil infusions are discontinued 45 minutes 
to 1 hour prior to patient awakening from general anesthesia. 

Sufentanil is a highly lipophilic drug, hence readily crosses 
the blood–brain barrier [7]. Scott et al., estimated the blood‐
effect‐site equilibration half‐life (t1/2ke0), by measuring the lag 
time between changes in plasma sufentanil concentration and 
changes in spectral edge frequency of the electroencephalogram. 
The t1/2ke0 for sufentanil is 6.2 min, which is very close to that of 
fentanyl (6.6 min), however the t1/2ke0 of morphine is 3 hours 
and its active metabolite morphine‐6‐glucuronide is 6 hours 
[5,9,10]. This explains why the concentration of morphine in 
the central nervous system lags significantly behind its plasma 
concentration. In contrast, the effect‐site concentration of 
sufentanil closely follows its plasma concentration with minimal 
lag. This pharmacokinetic profile makes sufentanil more 
titratable than morphine [14]. 

Dosing

Sufentanil dosing should be calculated using the patient’s lean 
body weight instead of total body weight. This fact is especially 
important when administering the drug to obese or morbidly 
obese patients. The infusion dose recommended in adults is 0.3 
to 1.5 mcg/kg/hr [14,16,17]. 

Freye E. at al comparing the potency of sufentanil vs fentanyl 
showed that a bolus of sufentanil 1mcg/kg blunts the sympathetic 
response to laryngoscopy, while to achieve the same effect, a 
bolus of 5 mcg/kg of fentanyl is required [18]. 

Metabolism

Sufentanil is characterized by a high hepatic extraction ratio 
of 0.8 and is metabolized extensively in the liver by the CYP3A4 
enzyme [6,8,10].To a lesser degree, the drug is also metabolized 
in the small intestine [12,14].There are two major metabolites, 
norsufentanil and n-phenylpropanamide, that are excreted in the 
urine inactive and one metabolite demethylsufentanil that keeps 
approximately 10% of sufentanil’s potency but is produced in 
very small quantities [12,14]. 

Following oral administration, sufentanil undergoes extensive 
first pass metabolism, thus reducing its oral bioavailability [10].
This is the reason why new sufentanil formulations have been 
developed for sublingual administration.

Pharmacodynamics 

Sufentanil is a potent synthetic opioid that produces 
analgesia and sedation. It was developed to produce physiologic 
effects through mu receptor agonist activity in the central 
nervous system (CNS). In addition sufentanil also exerts effects 
on the cardiovascular, respiratory, and gastrointestinal systems. 
Sufentanil can cause hypotension and bradycardia, likely 
secondary to inhibition of sympathetic outflow from the central 
nervous system [19,20].Therefore, effort should be made pre- and 
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intra-operatively to ensure our patients are euvolemic and their 
vitals signs closely monitored while receiving this drug. Other 
medications that could worsen this hypotension and bradycardia 
seen with the administration of sufentanil are antihypertensive 
drugs, for example beta blockers. 

Dose related respiratory depression is also an effect of 
sufentanil secondary to inhibition of central respiratory centers 
in the medulla [21]. Given the high potency and lipophilicity of 
the drug, the respiratory status of patient’s given sufentanil 
should be continuously monitored. 

Similar to other opiates, sufentanil also affects the mu-
receptors in the gastrointestinal tract. It will increase smooth 
muscle tone which can lead to decreased peristalsis and 
constipation. This is likely secondary to the increased efferent 
motor neuron traffic that also leads to chest wall rigidity and 
glottic closure [22]. 

Comparable to other opiates, sufentanil does not appreciably 
affect intracranial pressure. In comparison to fentanyl, sufentanil 
is 7-12 times as potent with quicker initiation and recovery of 
clinical effects, as well as, a shorter elimination half-life [4,6,23,24]. 
Sufentanil’s greater potency may be the reason it is able to 
provide near complete anesthesia as shown by the dose-response 
reduction in the minimum alveolar concentration of halothane 
and isoflurane [25,26]. When sufentanil sedation is titrated to 
limit changes in mean arterial pressure, there does not appear to 
be an associated increase in intracranial pressure [27]. Sufentanil 
would appear advantageous in neurosurgery secondary to its 
short context-sensitive half-life. A study in patients undergoing 
craniotomies, however, showed no difference in emergence time 
and ability to perform a post-operative neurological exam when 
compared with alfentanil and fentanyl [28]. Sufentanil does have 
a small, but significant effect on somatosensory evoked potentials 
(SSEP); however, the clinical impact of this finding appears to be 
minimal [29]. 

While sufentanil affects several systems in the body, it has been 
postulated that age-related changes in plasma protein content, 
volume of distribution, and metabolism can lead to changes in 
the intensity of sufentanil’s effect. This may be the reason for 
an increased effect in neonates. They have a significantly lower 
level of α1 acid glycoprotein, this causes a greater concentration 
of sufentanil in its unbound form. In a trial looking at free 
fraction plasma concentrations of sufentanil, neonates had an 
elevated level in comparison to older children and adults [9].The 
increased free fraction leads to a greater volume of distribution 
and availability of the drug to penetrate the blood brain barrier. 

Therapeutic index or therapeutic ratio is the margin of safety 
that exists between the dose of a drug that produces the desired 
effect and the dose that produces unwanted side effects. This is 
measured as the lethal dose in 50% of animals divided by the 
effective dose in 50% (LD50/ED50) [6]. Compared with the 
therapeutic index of fentanyl, 280, morphine,70 and pethidine, 
5, sufentanil has a much greater margin of safety, with its 
therapeutic index around 26,700. 

A study looking at pharmacokinetics of sufentanil between 
middle aged and elderly individuals found no significant 
difference in elimination half-life, total volume of distribution, 

and plasma clearance. The only significant difference was initial 
volume of distribution which was decreased in the elderly. This 
trial controlled for albumin between the groups to decrease 
likelihood of protein binding influencing results [22]. Similar 
findings were seen in comparison of cirrhotic patients to controls 
[30]. As such, significant decreases in hepatic blood flow or 
hepatic enzymatic function would be necessary to alter sufentanil 
pharmacokinetics and subsequently pharmacodynamics. These 
results suggest that sufentanil’s effect on elderly patients may 
be related to the drug’s interaction at its specific sites of action 
rather than its pharmacokinetic distribution or metabolism. 

In neurosurgery, when sufentanil sedation is titrated to 
limit changes in MAP, there does not appear to be an associated 
increase in intracranial pressure (ICP) [31]. If MAP is affected 
the maintenance of autoregulation determines an increase or 
decrease ICP. If autoregulation is maintained then there is an 
inverse relationship between MAP and ICP. There is a direct 
relationship if it is not maintained. While sufentanil appears 
advantageous secondary to the low context-sensitive half-life, 
a second study in patients undergoing craniotomies showed 
no difference in emergence time and ability to perform a post-
operative neurological exam when compared with alfentanil and 
fentanyl [32]. Sufentanil does have small, but significant effect 
on somatosensory evoked potentials (SSEP); the practical effect 
appears to be minimal [27]. 

Adverse Effects 

Sufentanil has increased selectivity for the opioid receptors 
in the CNS, which explains its improved side effect profile 
[1]. Opioids are known to cause various side effects including 
sedation, nausea, vomiting, pruritis, respiratory depression, 
urinary retention, bradycardia, hypotension, dependance and 
tolerance. Gastrointestinal effects of opioids include inhibition 
of intestinal and pancreatic secretion, increased bowel tone and 
decreased intestinal propulsive activity, these effects manifest 
clinically as delayed gastric emptying, constipation, abdominal 
cramps and paralytic ileus [14]. 

Side effect profile of sufentanil was compared to morphine, 
meperidine and fentanyl in a prospective double blinded study 
during general and orthopedic surgeries. After induction with 
equipotent doses of sufentanil (that is up to 1.5 microgram/
kg), no side effects were reported while hypotension, laryngeal 
spasm, chest wall rigidity, tachycardia, marked flushing, elevated 
plasma histamine level were observed in patients who received 
meperidine and morphine. Heart rate, blood pressure and plasma 
catecholamine (norepinephrine and epinephrine) values were 
lowest during induction, intubation, incision and throughout the 
entire length of the surgery in patients who received sufentanil, 
while all these parameters were elevated in patients who received 
morphine and meperidine. Intraoperative hemodynamic stability 
was observed consistently in all patients in the sufentanil group, 
while 30% of the patients who received morphine, meperidine 
or fentanyl had tachycardia and hypertension which required 
supplementation with potent inhalational anesthetic. However 
hemodynamic stimulation was observed during emergence and 
extubation in all groups. Postoperative respiratory depression 
was the least common in sufentanil group and this was short-
lasting due to the shorter elimination half-life of sufentanil. 
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Pre-induction administration of nalbuphine was found to 
cause a significant reduction in the incidence and intensity 
of  sufentanil-induced cough [2]. Pre-treatment with various 
other agents including tramadol, remifentanil, ketorolac and 
dexmedetomidine have been shown to reduce seufentanil-
induced cough [3-6]. 

Intrathecal sufentanil for labor analgesia was associated 
with hypotension in 11-14% of cases, perineal pruritis in 95% 
of patients and mild sedation in all cases. FHR changes occurred 
in 15% of the parturient, however this was not associated with 
adverse neonatal outcomes [7]. Sufentanil use in combined spinal 
epidural for labor analgesia was associated with a much higher 
incidence of pruritis (80%) as compared to fentanyl (47.4%), 
although no significant difference in incidence of nausea, vomiting 
and hypotension was observed [9]. Although sufentanil (5 μg) 
was associated with significantly less hypotension as compared 
to equianalgesic dose of clonidine (75 μg) when administered for 
labor epidural analgesia, the former had a much higher incidence 
of pruritis.10 Addition of epinephrine to epidural sufentanil for 
labor epidural analgesia led to significant reduction in sedation 
and lightheadedness, implying that systemic uptake of the 
drug rather than cephalad migration in the CSF is the primary 
mechanism for respiratory depression and sedation [11].  

Addition of dexmedetomidine to postoperative sufentanil 
patient controlled analgesia (PCA) was associated with lower 
incidence of postoperative nausea, vomiting and pruritis [8]. 
Retrospective review comparing hydromorphone, sufentanil 
and oxycodone in intravenous PCA for advanced cancer 
pain management revealed common side effects including 
constipation (11.8%), nausea (8.2%), and sedation (5.9%), 
although there was no significant difference noted amongst the 
different opioids [15]. 

Transient muscle rigidity in the lower limbs have been 
described in patients who received intrathecal sufentanil [12,13]. 
A recent study revealed that sufentanil increases monocyte-
endothelial adherence which led to a decrease in release of ATP 
from Cx43 channels in monocytes [33].This effect of sufentanil 
could have clinical implications on the pathophysiology of 
vascular inflammatory states.

Clinical Uses

To have a better understanding of the clinical use of sufentanil, 
it is important to make a historical review for the reasons of its 
development. Perhaps the most relevant reasons were the less 
than ideal pharmacodynamic and pharmacokinetic properties 
of morphine. These include its prolonged half-life, consistent 
with a high incidence of postoperative respiratory depression, 
histamine release leading to hemodynamic instability as well as 
bronchoconstriction, etc. This led to the study and development 
of new synthetic opiates with greater receptor specificity, greater 
potency and less side effects in the 1950’s [34]. Dr. Paul Janssen 
after a decade studying the chemical structures of morphine and 
meperidine focused on developing a new drug with greater lipid 
solubility to increase the molecule bioavailability at receptor 
site and to improve its onset of action as well as to make it more 
specific in its binding to the mu receptor.2 On December 1960 he 
discovered fentanyl. The 1960 decade was also the start of the 

coronary artery bypass graft. In May 1967 Dr. Rene Favaloro 
performed the first coronary artery bypass graft at the Cleveland 
Clinic, starting a new era in cardiac surgery [35].This led to further 
development of new anesthetic drugs and techniques focused 
on achieving a greater hemodynamic stability. In those years 
neuroleptanalgesia / anesthesia techniques were widely used in 
all anesthetic subspecialties. This technique was first reported 
in France in 1954 by Campan and Lazothes [36]. It consisted 
on the combined administration of a neuroleptic agent such as 
haloperidol, later changed for droperidol, a potent synthetic 
opiate, such as phenoperidine, later changed for fentanyl and 
sufentanil and a long acting, non-depolarizing muscle relaxant, 
pancuronium [37]. Neuroleptanesthesia/analgesia proof not 
to be the ideal pharmacokinetic and pharmacodynamic drug 
combination for reliable amnesia and optimal muscle relaxation 
during induction of anesthesia. The mild sedative properties 
of droperidol in conjunction to the delayed onset of action 
of pancuronium, generally required higher doses of opiate 
administration, producing unreliable hypnosis and frequently 
chest rigidity, making hand ventilation difficult. The discovery of 
the benzodiazepine receptor and the development of short and 
intermediate acting benzodiazepines in the 50’s, 60’s and 70’s, 
in addition to the discovery of other induction agents such as 
propofol and etomidate, made the use of neuroleptanesthesia 
opsolete, and lead to the development of the balanced anesthesia 
techniques, well known today [37-40]. 

Besides its current use in cardiac anesthesia, sufentanil has 
been successfully used in spine surgery [41,42]. Not only for its 
analgesic properties, but also due to its limited interference with 
somato sensory and motor evoked potentials (SSEPs and MEPs) 
when these neurologic monitoring techniques are indicated [43]. 
It is important to note that sufentanil, as many other opiates, 
potentiate the effect of inhalation anesthetics (IAs) as described 
by Maurtua M et al., with the use of remifentanil [44].This 
potentiation allows the anesthesiologist to reduce the dose of IAs 
delivered and therefore decrease even further the interference in 
SSEPs and MEPs signals [43,44]. In the authors clinical practice, 
sufentanil is being used in patients undergoing extensive spine 
surgery, including multiple level cervico, thoracic and lumbar 
spine fusion that very often includes the intraoperative use of 
MEPs. In these cases, sufentanil is delivered as a continuous 
infusion, ranging from 0.3 to 0.7 mcg/kg per hour, dosed at 
patient’s lean body weight in combination with a hypnotic agent 
[45]. The continuous infusion is discontinued 60 to 45 minutes 
prior to emergence from anesthesia. This technique has proofed 
to provide a better pain control and transition to oral analgesics 
in the immediate postoperative period when compared to 
remifentanil, an opiate with a much shorter context sensitive 
half-life. It is important to note that in complex spine surgery, the 
implementation of multimodal analgesia has led to a decrease 
in the need for postoperative opiate use. These non-opiate 
analgesics include gabapentin, pregabalin, ketamine, extended 
action local anesthetics, non-steroidal anti-inflammatory agents 
(NSAIDs) including acetaminophen etc [46-48]. 

In the obstetric field, sufentanil has been used successfully 
in epidural and spinal anesthesia and analgesia. One important 
pharmacokinetic characteristic of this opiate is its high lipid 
solubility, this feature allows for a faster onset of action and also 
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leads to a short duration of action when compared to the less 
lipid soluble opioids such as morphine. Therefore, the use of 
sufentanil might be better suited as a continuous infusion through 
an epidural catheter. This characteristic makes it a drug suitable 
in the treatment of postoperative pain in the modality of patient 
controlled epidural analgesia [48,49]. Another use in obstetric 
anesthesia is its intrathecal administration in the combined 
spinal epidural technique, generally practiced in patients who 
are in the latest stages of labor and require an opioid with a fast 
onset of action [50].  

In orthopedic surgery, Hassani V. et al., found that when 
administered in the intrathecal space in patients undergoing 
lower extremity surgery, the combination sufentanil/ 
bupivacaine (sufentanil 2.5 to 3 mcg / isobaric bupivacaine 0.5% 
15 mg) when compared to fentanyl/ bupivacaine and placebo/ 
bupivacaine, produced less hypotension, a decreased incidence 
in nausea and vomiting, a greater mean SPO2, and a longer 
duration of analgesia. In terms of length of motor block there was 
no difference among the 3 groups, however, there was a higher 
incidence of pruritus in the sufentanil group [51]. 

In 2018 the FDA approved the use of a new sufentanil 
formulation, a sublingual tablet system. These tablets come with a 
single dose applicator that contain a 30 mcg sufentanil tablet. The 
FDA approved its hospital use for the treatment of postoperative 
pain and it should be administered by a health care provider 
hourly only. When compared to intravenous PCA morphine, the 
sublingual administration of sufentanil showed a faster onset of 
analgesia and greater patient and nurse satisfaction scores. In 
addition to its use in the immediate postoperative period, this 
sufentanil formulation has also found an important application in 
the battle fields, where IV access might be limited. Despite all its 
advantages and ease of use, it is important to remind ourselves 
that sufentanil is one of the most potent opiates in current medical 
use and that its side effects, especially respiratory depression is 
still a concern. This is the reason why the healthcare professional 
community is rising awareness of the potential for its abuse. 
Should this happen it would produce a devastating step back in 
our current battle against opiate addiction in the US and in the 
world [52,53]. 
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