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Abstract 
At present, there are some concerns and problems to treat neurointensive 
care patients by using analgesics and sedatives. Conditions of neurointensive 
care patients change quickly. For neurointensive care patients who cannot 
have auxiliary examination timely, clinicians judge intracranial conditions 
mainly through relevant monitoring devices and consciousness and pupil 
changes of patients. The use of analgesics and sedatives is limited due to worry 
about influences on consciousness evaluation and judgment and different de-
grees of inhibition on cardiovascular system and respiratory system. Com-
mon sedatives (e.g. benzodiazepines) and common analgesics (e.g. morphine, 
fentanyl and sufentanil) both may inhibit respiration. The specification often 
provides taboos for the use of drugs by patients with increase intracranial 
pressure (ICP) and craniocerebral injuries. Through literature review, the 
author analyzed influences of analgesics and sedatives on ICP of neurointen-
sive care patients comprehensively. 
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1. Common Analgesics and Sedatives Used in Clinics for  
Neurointensive Care Patients 

Now, Diazepam, Midazolam and Propofol are common sedatives in clinics. From 
the perspective of practical clinical applications, fast recovery and free adverse 
reaction of central nervous system are two important factors that must be con-
sidered when choosing drugs. Midazolam and Propofol have both characteristics 
and they are used mostly in neurointensive care patients. Other benzodiazepines 
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like Lorazepam are not appropriate for continuous administration of patients 
with severe craniocerebral trauma due to the longer half-life period. 

Diazepam: It has anti-anxiety, sedation, anticonvulsion and muscle relaxa-
tion. Its advantages are fast-acting, mild cardiovascular responses, short half-life 
period, quick excretion and wide dosage range and reversible sedation by specif-
ic antagonist flumazenil. However, it is relatively easy to cause respiratory de-
pression, hypotension, especially phlebophlogosis. High attentions shall be paid 
to sedation depth during administration. It is recommended to decrease dosage 
for long-term administration and decrease dosage slowly until drug withdrawal, 
aiming to decrease abstinence syndrome. 

Midazolam: This is kind of water soluble sedative and fast-acting. Clinical 
administration shows dose-dependent hypnosis, anti-anxiety, anterograde am-
nesia and anti-spasm. It is a common sedative in clinics. Compared with Diaze-
pam, Midazolam provides faster acting and longer duration. However, long-term 
administration also can cause complications and it is easy to produce fast toler-
ance, thus resulting in progressive growth dosage. It also might cause abstinence 
syndrome after drug withdrawal. 

Propofol: It is a type of short-acting intravenous anesthetics belonging to al-
kyl acids. It can provide sedation, anti-anxiety, anti-convulsions, oblivion, very 
strong hypnosis and anesthetic action when the dosage is lower than the anes-
thetic dosage. It is lipid soluble and fast-acting. Propofol generally can bring pa-
tients into the sleep state in 40s. Due to very high lipid solubility and relatively 
low plasma concentration, Propofol is easy to run through the blood brain bar-
rier (BBB) and hardly leaves drug accumulation, accompanied with low inci-
dence rate of nausea and vomiting, short half-life period and quick recovery. 
Moreover, Propofol is applicable to patients with severe craniocerebral injury 
and mechanical ventilation since it can lower intracranial pressure (ICP) and 
decrease oxygen consumption and cerebral blood flow (CBF). Propofol has some 
adverse reactions, such as pains at injection point, respiratory depression, easy 
occurrence of Propofol infusion syndrome, hypertriglyceridemia, which may 
further cause pancreatitis and allergy. Long-term administration can increase 
complications significantly. 

At present, opioids are accepted as one of powerful central analgesics and they 
are still the basic drugs in pain administration of patients in intensive care unit 
(ICU). Common opioids include morphine, fentanyl, Remifentanil, sufentanil, 
dihydromorphinone, butorphanol, dezocine, and so on. Repetitive administra-
tions of fentanyl are easy to cause accumulation and it is inappropriate for 
long-term analgesia. Remifentanil and sufentanil are used more and more in pa-
tients with severe craniocerebral trauma. 

Remifentanil: It is fentanyl μ-type opiate receptor agonist. It mainly binds 
with α-1-acidoglycoprotein and can be hydrolyzed quickly in tissues and blood. 
It acts in 1 - 3 min and has short duration. The half-life period is only 3 - 10 min, 
without causing liver and kidney damages. Recent studies found that Remifenta-
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nil can shorten mechanical aspiration time and length of stay in ICU signifi-
cantly. 

Sufentanil: It has strong analgesic effect, which is 5 - 10 times that of fentanyl. 
The half-life period reaches about 12 h and the individual difference in dosage is 
significant. The half-life of distribution is short and the half-life of metabolism is 
long. Long-term administration can prolong time of mechanical aspiration.  

Butorphanol Tartrate: It is an antagonist of opiates and acts on κ receptor. It 
has both analgesia and sedation effects, which are equivalent to those of fentanyl. 
It can decrease side reactions of opiates, such as erythema, pruritus, nausea and 
vomiting, addiction, etc. The respiratory depression is mild, which is only 1/5 of 
that of morphine. The peak effect can be realized with a dosage of 15 mg/70kg 
and analgesia is safer to weaning patients. It doesn’t inhibit gastrointestinal pe-
ristalsis and causes no constipation and immunosuppression to long-stay pa-
tients. Moreover, it has no obvious influences on heart rate and blood pressure. 

Dexmedetomidine hydrochloride: It is a short-acting and high-selectivity α2 
receptor agonist and it is also a relatively new sedative and analgesia drug. Dex-
medetomidine hydrochloride has dose-dependent sedative-hypnotic, analgesia 
and sympathetic nerve activity inhibition, but has small influences on circulatory 
function, without respiratory depression. It is the sole sedative that can awaken 
patients during operation at present. During sedation, it also can maintain con-
scious of patients, without obvious respiratory depression. Moreover, haemody-
namics are easy to be monitored and controlled. Therefore, Dexmedetomidine is 
the ideal sedative of patients with postoperative agitation and it can decrease in-
cidence rate and severity of delirium. Moreover, it can provide great analgesic 
effect, but the definite mechanism still remains unknown. Compared with Mi-
dazolam, Dexmedetomidine has small influences on GCS scores of patients, 
which is known as sober sedation. It won’t influence conscious state of patients. 
Doctors can judge consciousness of patients at any time and adopt effective 
emergency aid measures to increase survival rate and decrease disability rate of 
patients. In clinics, the combined administration of Dexmedetomidine and Bu-
torphanol Tartrate can achieve better analgesic and sedative effects, while ad-
verse effects are decreased [1] [2] [3] [4] [5]. 

2. State of the Art 

Liu et al. [6] found that Sedative and analgesic treatments in patients with severe 
TBI at NICU administered within 24 h post operation can reduce their ICP val-
ues and fluctuations. The clinical data of 60 patients with severe TBI admitted to 
Neurosurgical Intensive Care Unit (NICU) of Renji Hospital, School of Medi-
cine, Shanghai JiaoTong University from September 2018 to May 2019 were re-
trospectively analyzed in this study. All patients initially underwent intraventri-
cular ICP monitoring probe implantation, which was followed by craniotomy, 
hematoma removal and craniectomy. According to whether sedative and anal-
gesic treatment based on conventional treatment was administered within 24 
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hours post operation, the patients were divided into two groups: sedation and 
analgesia group (30 cases) and routine treatment group (30 cases). We compared 
the clinical data and ICP related indexes between the two groups. ICP observa-
tions included the average value of ICP at 4 time points (6, 12, 18, 24 hours), 
mean ICP amplitude (MWA), cerebrovascular pressure response index (PRx), 
and ICP fluctuations per 6 hours. Results There were no significant difference in 
sex, age, cause of injury, Glasgow coma scale (GCS) score at admission, injury 
time, injury site, or type of craniocerebral injury between the two groups (all P > 
0.05). There was no significant difference in initial ICP between the two groups 
(P > 0.05). The ICP values in the two groups were normal at the end of opera-
tion, and there was no significant difference between the two groups (P > 0.05). 
The ICP of patients in the 6-, 12-, 18-and 24-hour groups were normal after op-
eration, while the average ICP, MWA and PRx of the sedation group were lower 
than those in the routine treatment group (all P < 0.05). Within 24 hours post 
operation, the ICP fluctuations per 6 hours in sedation and analgesia group was 
lower than those in routine treatment group (all P < 0.05). 

Xu et al. [7] found that there was no significant difference in ICP between pa-
tients with severest TBI before and after sedation and analgesia (P > 0.05). There 
was a significant difference in ICP changes before and after sedation and analge-
sia in patients with severe TBI (P < 0.05). Conclusion: Analgesia and sedation 
are significantly correlated with intracranial pressure fluctuations after craniot-
omy operation for severe TBI. In severe TBI group, safe and stable ICP can be 
obtained by controlling sedation and analgesia. 

Many clinical studies [8]-[13] agreed that treatment of analgesics and seda-
tives may influence ICP of patients with severe craniocerebral trauma to some 
extent. They can decrease ICP effectively and make ICP of patients stabilized 
gradually, thus increasing therapy safety and promote recovery of patients. 

Chen et al. [14] study clinical effect of sedation analgesia treatment in patients 
with hypertensive intracerebral hemorrhage after operation. 218 patients with 
hypertensive cerebral hemorrhage were randomly divided into two groups, Su-
fentanil + Dezocine + Midazolam had been applied to postoperative sedation 
analgesia treatment in experiment group, the control group used midazolam 
only, to observe the therapeutic effect of two groups. The sedation-agitation score, 
the number of patients with dangerous blood pressure, intracranial pressure, na-
tional institutes of health stroke scale of postoperative 72 h, rebleeding rate within 
48 h, 7 days’ mortality and adverse reaction of experimental group were all lower 
than control group, the difference had statistical significance (P < 0.05). In pa-
tients with hypertensive intracerebral hemorrhage after operation, sufentanil + 
dezocine + midazolam could reduce postoperative dysphoria, stabilize postoper-
ative blood pressure and ICP, protect neurological function, meanwhile, reduce 
the rebleeding rate, mortality and adverse reaction. It is worth clinical applica-
tion and promotion. 

Li Jian [15] provided different analgesic and sedative treatment schemes to 
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two groups of patients. Specifically, the conventional group was treated by Mi-
dazolam, while the observation group was provided with combination analgesia 
of sufentanil and dezocine in addition of Midazolam. The differences between 
two groups in postoperative sedative agitation score and ICP detection values 
were compared. According to survey on analgesic effects of the chosen patients, 
the postoperative sedative agitation score of the observation group was signifi-
cantly lower compared to that of the conventional group, and ICP detection value 
was significantly better (P < 0.05), showing statistical significant differences. In 
conclusion, analgesia of Sufentanil Dezocine based on Midazolam to patients 
with hypertensive cerebral hemorrhage after operation can relieve pains effec-
tively and improve ICP. 

Yang et al. [16] pointed out that ICU continuous deep sedation and analgesia 
can significantly reduce the postoperative intracranial pressure and incidence of 
complications of patients with spontaneous intracerebral hemorrhage, which is 
conducive to improving patients’ prognosis 

Liu Jiansheng et al. [17] pointed out that the analgesic and sedative treatment 
of sufentanil, Propofol and Midazolam to patients with hypertensive cerebral 
hemorrhage after operation is safe and effective. It can control blood pressure 
steadily, decrease occurrence of secondary hemorrhage and lower fatality rate of 
patients. Girard F et al. [18] pointed out that moderately deep propofol sedation 
does not result in a higher ICP than no sedation in patients undergoing stereotac-
tic brain tumor biopsy. 

3. Brain Protective Effect of Analgesics and Sedatives in  
Neurointensive Care Patients and Their Influences on ICP 

Severe neurologic symptoms, especially craniocerebral trauma, are a continuous 
strong noxious stimulus and their influences on patients involve various aspects, 
such as cardiovascular system, respiratory system, gastrointestinal system, endo-
crinium system, immune system and clotting mechanism. Pains can not only ex-
cite the sympathetic nervous system and cause stress responses, but also induce 
releasing of various proinflammatory factors in bodies. Excessive expressions of 
these cell factors can produce toxicity to nerve cells, thus resulting in cell swel-
ling and deaths, breaking BBB and inducing or intensifying encephaledema. 
Moreover, these can induce expression of abundant other inflammatory media-
tors indirectly, thus causing secondary craniocerebral injury. Effective analgesic 
and sedative treatments can inhibit occurrences of stress responses obviously, 
decrease cerebral oxygen metabolism rate, improve cerebral blood flow, streng-
then tolerance of brain tissues to ischemia and anoxia, and adjust supply and 
demands of various substances automatically. 

According to literature review, analgesics and sedatives lower ICP through 
following aspects: 1) it decreases cerebral oxygen metabolism rate, which will 
decrease cerebral blood volume accordingly and lower ICP; 2) it relieves pains 
and anxiety, lowers arterial hypertension and increases ICP sharply; 3) it in-
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creases tolerance to trachea cannula, decreases cough reflex, and avoids increas-
ing intrathoracic, which decreases countercurrent in jugular veins, thus leading 
to high cranial pressure. Moreover, combination of antiepileptic drug in neuro-
surgical intensive care unit (NICU) can decrease epileptic seizure and control 
continuous state of epilepsy. Reasonable sedation and analgesia treatment also 
can decrease nursing risks of patients caused by self-drawing of air tube, sto-
mach tube, electrocardiograph monitoring and artery or vein ducts due to agita-
tion. For some critical patients with agitation, delirium and mechanical respira-
tion, sedation, analgesia and muscle relaxing are essential parts in treatment, 
which can decrease man-machine counteraction during mechanical respiration. 
These also can decrease discomfort brought by anxiety, agitation, fear and pain 
because of surrounding physical environmental stimuli and iatrogenic operation 
in NICU. 

Of course, respiratory depression of patients with severe craniocerebral trau-
ma and without mechanical respiration during the administration of analgesics 
and sedatives must be observed carefully. Due to reduction of breathing dynam-
ics, CO2 retention is intensified, which further increases ICP. It is necessary to 
pay close attentions to ICP of these patients as well as symptoms of increasing 
ICP. During administration of analgesics and sedatives, high attentions shall be 
paid to blood pressure. It has to prevent excessive low blood pressure to cause 
insufficient cerebral perfusion pressure (CPP). 
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