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Abstract: Objective: The goal of this study was to investigate and compare the effects and safety of the epidural 
injection of different doses of hydromorphone hydrochloride on postoperative analgesia after cesarean section. 
Methods: A total of 150 full-term singleton primiparas who underwent cesarean section under combined spinal-
epidural anesthesia (CSEA) were enrolled and randomly divided into group A, group B, and group C according to a 
random number table, with 50 parturients in each group. At the end of the operation, parturients in the three groups 
were connected with an epidural catheter and a disposable analgesic syringe pump for postoperative analgesia. 
The analgesic pump configurations in the groups A, B and C were respectively as follows: 2 mg, 4 mg and 6 mg hy-
dromorphone hydrochloride + 238.4 mg ropivacaine. The visual analogue scale (VAS), numeric rating scale (NRS), 
Ramsay sedation scale (RSS) and incidence of postoperative adverse reactions were recorded at the 1st, 3rd, 6th, 
12th, 24th and 48th hour after operation. Results: Parturients in the group C had significantly lower VAS and NRS 
scores than those in the groups A and B at the 1st, 3rd, 6th, 12th and 24th hour after operation, and those in the 
group B had lower VAS and NRS scores than those in the group A (all P<0.05). Parturients in the group C had signifi-
cantly higher RSS score than those in the groups A and B, and those in the group B had higher RSS score than those 
in the group A (P<0.05). There was no statistically significant difference in adverse reactions between the three 
groups (P>0.05). Conclusion: Epidural injection of different doses of hydromorphone hydrochloride has a good anal-
gesic effect in the early stage after cesarean section, of which 6 mg hydromorphone hydrochloride is more effective.
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Introduction

Pain, as an unpleasant feeling or emotionally 
subjective feeling accompanied by existing or 
potential tissue damage, is a protective defense 
reaction to harmful stimuli to the body [1]. The 
pain after cesarean section, mainly caused by 
incisional pain and uterine contraction pain, in 
severe cases, affects physiological function 
and milk secretion and even leads to depres-
sion [2, 3]. Therefore, it is very important to 
relieve postoperative pain after cesarean sec-
tion, maintain the physiological function of the 
parturient, and promote recovery of the parturi-
ent after pregnancy.

Currently, patient-controlled intravenous anal-
gesia and epidural analgesia are the main me- 
thods for postoperative analgesia after cesa- 
rean section. Patients master the dosage and 
speed of analgesic drugs themselves, and in- 
crease the dosage by pressing the button on 

the analgesic pump when the pain aggravates, 
which thus alleviates the pain [4, 5]. Commonly 
used analgesic drugs are mainly opioid drugs 
that include morphine, fentanyl, hydromorpho- 
ne, and non-opioid analgesic drugs that include 
pentazocine, butorphanol tartrate, methadone 
[6-8]. Morphine excites opioid receptors in the 
central nervous system by simulating the action 
of endogenous anti-pain substance, enkepha-
lin, thereby producing a powerful analgesic ef- 
fect. Morphine is effective for various types of 
pain, and has a better effect on persistent dull 
pain than on intermittent sharp pain and vis-
ceral colic, but it also produces adverse reac-
tions in systems, such as fall of blood pressure, 
respiratory depression, and nausea and vomit-
ing. Therefore, finding new analgesic drugs to 
replace the classical morphine drugs is nece- 
ssary.

As an agonist of the μ opioid receptor that has 
a different mechanism of action, hydromorp- 

http://www.ijcem.com


Hydromorphone preventing postoperative analgesia after cesarean section

7473 Int J Clin Exp Med 2019;12(6):7472-7478

hone, by activating the κ and μ opioid receptors 
in the substantia gelatinosa of the spinal cord, 
medial thalamus, ventricles and periaqueduc-
tal gray matter, forms presynaptic inhibition, 
reduces transmitter release and blocks nerve 
impulse transmission, thereby playing an anal-
gesic role [9, 10].

Currently, hydromorphone is widely used for 
analgesia in the central nervous system, inter-
nal organs and the cardiovascular system, and 
has a remarkable effect on pain relief [11, 12]. 
However, there are few studies on the efficacy 
and postoperative adverse reactions of hydro-
morphone in epidural analgesia after caesare-
an section. Therefore, the effects and safety of 
different doses of hydromorphone hydrochlo-
ride on the postoperative analgesia after cesar-
ean section were compared in this paper.

Materials and methods

General information

A total of 150 full-term singleton primiparas 
who underwent cesarean section under com-
bined spinal-epidural anesthesia (CSEA) in the 
Department of People’s Hospital of Yichun City 
from January 2017 to December 2017 were 
enrolled and randomly divided into the groups 
A, B and C according to the random number 
table, with 50 parturients in each group. The 
analgesic pump configurations in the groups A, 
B and C were respectively as follows: 2 mg, 4 
mg and 6 mg hydromorphone hydrochloride + 
238.4 mg ropivacaine, which were diluted to 
100 mL with 0.9% normal saline. All patients 
and their families signed an informed consent 
form, and the study was approved by the Ethics 
Committee of People’s Hospital of Yichun City.

Inclusion criteria: Parturients with full-term ce- 
sarean section who needed postoperative an- 
algesia were included.

Exclusion criteria: Patients complicated with 
severe gestational diabetes mellitus and severe 
hypertension; patients with severe heart, liver 
and kidney dysfunction; patients with coagula-
tion dysfunction; patients allergic to opioid dr- 
ugs.

Anesthesia methods

After entering the operating room, all patients 
were monitored in terms of electrocardiogram, 
non-invasive blood pressure and oxygen satu-
ration, and the venous access was opened. 
After signing the anesthesia informed consent 

form, the parturient was placed in a left lateral 
position and head holding knee position, and 
the puncture site of CSEA (lumbar 2-3 interver-
tebral space) was determined and disinfected 
with iodophor. Then 2 mL of the equal propor-
tion of ropivacaine (3 mL of 1% glucose) was 
obtained, and the combined spinal-epidural 
needle was placed in the epidural space whe- 
re ropivacaine (Naropine, Sweden) was slowly 
injected, with the epidural catheter connected. 
The parturient was placed in a supine position 
and cesarean section was performed when 
anesthesia reached the level of the nipple. 
After the operation, the epidural catheter was 
connected with the disposable analgesic sy- 
ringe pump (Shanghai Delang Medical Equi- 
pment Co., Ltd., China). Then 2 mg, 4 mg, and 6 
mg hydromorphone hydrochloride (Humanwell 
Pharmaceutical Co., Ltd., Yichang, China) + 
238.4 mg ropivacaine were diluted to 100 mL 
with 0.9% normal saline. The analgesic pump 
was used for postoperative analgesia for 48 
hours, and the pump liquid speed was adjusted 
to 2 mL/h.

Outcome measures

Main outcome measures: Postoperative visual 
analogue scale (VAS) score, numeric rating sc- 
ale (NRS) score and Ramsay sedation scale 
(RSS) score.

Secondary outcome measures: Postoperative 
adverse reactions, including respiratory depr- 
ession, pruritus, and adverse reactions of the 
digestive system.

VAS: Pain of patients in the three groups was 
assessed and the scores were recorded (0 is 
no pain and 10 points is extreme pain). 0 is no 
pain; 1-3 points is mild pain; 4-6 points is mod-
erate pain; 7-10 points is severe pain.

NRS: 0-10 points represents different degrees 
of pain, 0 is no pain and 10 points is extreme 
pain.

RSS: The degree of sedation was scored, and 
the standards are as follows: anxious or rest-
less (1 point); sober, tranquil, cooperative (2 
points); lethargy, brisk response to instructions 
(3 points); light sleep, able to wake up quickly (4 
points); sleep, sluggish response to calls (5 
points); deep sleep, no response to calls (6 
points).

Respiratory depression: The respiratory frequ- 
ency is <8 times/minute and the oxygen satura-
tion is <90%. If respiratory depression occurs, 
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mask pressurization ventilation was immedi-
ately carried out.

Pruritus: Pruritus often occurs suddenly during 
the undressing before going to bed on the 
trunk, the vastus medialis, the flexion surface 
of the calf, and around the joints. Oral or inject-
ed antihistamines, serotonin antagonists and 
sedatives were used for treatment.

Dyspepsia: Dyspepsia includes nausea, vomit-
ing and other symptoms, was treated symp- 
tomatically.

Statistical analysis

SPSS19.0 software was used to statistically 
analyze the data. Count data are expressed by 
number of cases/percentage (n/%) and Chi-
square test was used for the comparison be- 
tween the groups. Measurement data are ex- 
pressed by mean ± standard deviation (

_
x  ± sd), 

and one-way analysis of variance (ANOVA) was 
used for the comparison between multiple 
groups, and the ANOVA with repeated meas- 
ures was used for the comparison at multiple 
time points between the two groups. When 

Table 1. Comparison of general information
Group A (n=50) Group B (n=50) Group C (n=50) F P

Age (year) 25.6±5.6 24.7±6.3 26.2±4.6 0.927 0.398
Weight (kg) 68.3±5.6 69.2±4.2 67.3±5.9 1.617 0.202
BMI (kg/m2) 26.7±2.5 27.3±2.4 26.3±2.2 2.255 0.109
Gestational week (week) 36.2±3.4 35.5±4.2 36.7±2.1 1.622 0.201
ASA classification 0.477 0.788
    I 12 15 13
    II 38 35 37
Cause of cesarean section (case) 3.501 0.744
    Fetal distress 12 10 13
    Cephalopelvic disproportion 18 17 12
    Uterine abnormity 9 11 15
    Abnormal fetal position 11 12 10
Note: BMI, body mass index; ASA, American society of anesthesiologists. The hydromorphone hydrochloride in the analgesic 
pump configurations of the groups A, B and C was 2 mg, 4 mg and 6 mg, respectively.

Table 2. Comparison of VAS score after operation with different doses of hydromorphone
Group A (n=50) Group B (n=50) Group C (n=50) F P

Before operation 7.832±1.215 7.536±0.918 7.832±0.532 1.374 0.172
1 h after operation 7.535±1.502 7.031±1.102 6.302±0.803 1.913 0.049
3 h after operation 7.036±1.402 6.304±0.405 5.636±0.902 3.547 <0.001
6 h after operation 6.515±0.532 6.046±0.325 5.026±0.602 5.320 <0.001
12 h after operation 5.315±1.227 4.303±0.801 3.426±0.326 4.884 <0.001
24 h after operation 3.528±0.215 2.327±0.304 1.426±0.403 22.808 <0.001
48 h after operation 0.443±0.052 0.451±0.082 0.458±0.065 0.583 0.561
Note: VAS, visual analogue scale.

Figure 1. Comparison of VAS score after operation 
among three groups. Before: before operation; 1 h, 3 
h, 6 h, 12 h, 24 h, 48 h represented 1 h, 3 h, 6 h, 12 
h, 24 h, 48 h after operation, respectively. Compared 
group A with group C, *P<0.05, **P<0.01; compared 
group A with group B, #P<0.05, ##P<0.01; compared 
group B with group C, ΔP<0.05. VAS, visual analogue 
scale.
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P<0.05, the difference is statistically signifi- 
cant.

Results

Comparison of general information of patients 
between the three groups

There were no statistically significant differenc-
es in the age, body weight, body mass index, 
gestational week, ASA classification and the 
number of patients caused by cesarean sec-
tion between the three groups (P>0.05) as 
shown in Table 1.

Comparison of VAS score after operation with 
different doses of hydromorphone

Parturients in the group C had significantly 
lower VAS score than those in the groups A and 
B at the 1st, 3rd, 6th, 12th and 24th hour after 
operation, and those in the group B had lower 
VAS score than those in the group A (all P< 

0.05), without statistically significant differen- 
ce between the three groups before operation 
and at the 48th hour after operation (both 
P>0.05) as shown in Table 2 and Figure 1.

Comparison of NRS score after operation with 
different doses of hydromorphone

Parturients in the group C had significantly 
lower NRS score than those in the groups A  
and B at the 1st, 3rd, 6th, 12th and 24th hour 
after operation, and those in the group B had 
lower NRS score than those in the group A (all 
P<0.05), without statistically significant differ-
ence between the three groups before opera-
tion and at the 48th hour after operation (both 
P>0.05) as shown in Table 3 and Figure 2.

Comparison of RSS score after operation with 
different doses of hydromorphone

Parturients in the group C had significantly 
higher RSS score than those in the groups A 
and B at the 1st, 3rd, 6th, 12th and 24th hour 
after operation, and those in the group B had 
higher RSS score than those in the group A (all 
P<0.05), without statistically significant differ-
ence between the three groups before and at 
the 48th hour after operation (both P>0.05) as 
shown in Table 4 and Figure 3.

Comparison of adverse reactions after opera-
tion with different doses of hydromorphone

There were no statistically significant differenc-
es in respiratory depression, pruritus, nausea 
and vomiting among the three groups (P>0.05) 
as shown in Table 5.

Discussion

According to the definition by the International 
Association for the Study of Pain, harmful stim-
uli cause the psychological and physiological 

Table 3. Comparison of NRS score after operation with different doses of hydromorphone
Group A (n=50) Group B (n=50) Group C (n=50) F P

Before operation 8.832±1.205 8.536±0.927 8.832±0.525 1.377 0.172
1 h after operation 8.535±1.512 8.031±1.143 7.302±0.862 1.880 0.063
3 h after operation 8.036±1.423 7.304±0.457 5.636±0.926 3.463 <0.001
6 h after operation 7.515±0.542 6.046±0.358 5.026±0.625 15.991 <0.001
12 h after operation 6.315±1.273 4.903±0.844 4.026±0.354 6.537 <0.001
24 h after operation 4.528±0.241 3.327±0.347 2.426±0.461 20.101 <0.001
48 h after operation 1.443±0.047 1.451±0.076 1.458±0.077 0.633 0.528
Note: NRS, numeric rating scale.

Figure 2. Comparison of NRS score after operation 
among three groups. Before: before operation; 1 h, 3 
h, 6 h, 12 h, 24 h, 48 h represented 1 h, 3 h, 6 h, 12 
h, 24 h, 48 h after operation, respectively. Compared 
group A with group C, *P<0.05; compared group A 
with group B, #P<0.05; compared group B with group 
C, ΔP<0.05. NRS, numeric rating scale.
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changes of patients, local tissue damages, and 
the release of substances that lower the thr- 
eshold of pain and pain-producing substances, 
such as substance p, serotonin, bradykinin and 
histamine; then, the pain receptor is stimulated 
and the pain impulse is transmitted upward to 
the pain center (spinal cord, thalamus and 
brain), which thereby produces a feeling of pain 
[13, 14]. Postoperative pain has short-term 
and long-term adverse effects on the systems 
of the body [15]. The short-term adverse effects 
include increased oxygen consumption, accel-
erated heart rate, vasoconstriction, and heavi-
er cardiac load, and the pain leads to rapid and 
shallow respiration, accessory muscle stiff-
ness and reduced ventilation capacity [16, 17]. 
The long-term adverse effects include chronic 
pain and behavior changes [18]. Therefore, 
relieving pain is important for the patient to 

relieve the pressure of physiological systems 
and psychological pressure. In addition to post-
operative pain, the uterine contraction pain 
after cesarean section is also one of the fac-
tors of great pain [19]. Therefore, the postop-
erative analgesia after cesarean section is very 
important to relieve the physiological and psy-
chological reactions of the parturient.

Currently, the clinically used postoperative an- 
algesic drugs after cesarean section are mainly 
opioid drugs, which inhibit the transmission of 
painful stimuli to the periphery by inhibiting the 
μ, κ and δ receptors in the central nervous sys-
tem. As a derivative of morphine, hydromor-
phone excites the pure μ-opioid receptor, which 
has a better postoperative analgesic effect  
and less adverse reactions than morphine ac- 
cording to the literature. In this study, when 6 
mg hydromorphone combined with ropivacaine 
was used for postoperative analgesia, the VAS 
score at the 1st, 3rd, 6th, 12th and 24th hour 
after operation was significantly lower than that 
when 2 mg and 4 mg hydromorphone combined 
with ropivacaine were used, and pain relief was 
the most obvious when 6 mg hydromorphone 
was used. There was no significant difference 
between the dosage groups at the 48th hour 
after operation. It is possible that the stimula-
tion from operation and uterine contraction 
pain at the 24th hour after operation have little 
effect on the physiological reaction of the par-
turient, without difference in pain reaction. 
Wang et al. believe that CSEA in cesarean se- 
ction shortens the onset time of anesthesia, 
improves the intraoperative hemodynamics of 
the patient, and significantly reduces postop-
erative pain and the incidence of fetal distress, 
so it is safer [20].

Pain is often accompanied by dysphoria or de-
pression. There is a study showing that pain is 

Table 4. Comparison of RSS score after operation with different doses of hydromorphone
Group A (n=50) Group B (n=50) Group C (n=50) F P

Before operation 1.534±0.514 1.426±0.425 1.446±0.324 1.145 0.255
1 h after operation 2.357±0.225 3.632±0.643 4.546±0.427 3.234 <0.001
3 h after operation 3.426±0.336 4.027±0.313 4.648±0.426 9.255 <0.001
6 h after operation 4.142±0.336 4.536±0.615 5.261±0.643 3.975 <0.001
12 h after operation 4.536±0.415 5.025±0.425 5.325±0.626 5.821 <0.001
24 h after operation 4.729±0.362 5.247±0.372 5.539±0.372 7.057 <0.001
48 h after operation 5.336±0.481 5.226±0.526 5.625±0.427 1.091 0.278
Note: RSS, Ramsay sedation scale.

Figure 3. Comparison of RSS score after operation 
among three groups. Before: before operation; 1 h, 3 
h, 6 h, 12 h, 24 h, 48 h represented 1 h, 3 h, 6 h, 12 
h, 24 h, 48 h after operation, respectively. Compared 
group A with group C, *P<0.05, **P<0.01; compared 
group A with group B, #P<0.05, ##P<0.01; compared 
group B with group C, ΔP<0.05. RSS, Ramsay seda-
tion scale.
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positively correlated with postpartum depres-
sion and dysphoria, i.e. the higher the degree of 
pain is, the more significant the dysphoria or 
depression is [21]. In this study, the more inap-
parent the postoperative pain relief after cesar-
ean section was, the lower the RSS score was; 
the RSS score at the 1st, 3rd, 6th, 12th and 
24th hour after cesarean section with 6 mg 
hydromorphone was significantly higher than 
that with 2 mg and 4 mg hydromorphone; the 
larger the dosage within 6 mg was, the more 
significant the sedation. However, there was no 
significant difference between the dosage gr- 
oups at the 48th hour after operation. The pos-
sible reason is that the incision of cesarean 
section acting as a stress, the opioid receptor 
in the spinal dorsal horn is stimulated to pro-
duce pain perception, which causes dysphoria 
through other neural pathways [22]. However, 
hydromorphone excites the pure μ-opioid re- 
ceptor, blocks the downstream pathway and 
relieves the pain perception, which thereby 
inactivates the signal pathway that produces 
dysphoria. Therefore, hydromorphone indirectly 
plays a sedative role [23].

There are reports that hydromorphone produ- 
ces adverse reactions, including respiratory 
depression, constipation and vomiting of the 
digestive system and inhibition of the central 
nervous system, while relieving pain symptoms. 
In the study by Ilfeld et al., hydromorphone 
causes respiratory depression, nausea and 
vomiting in the postoperative analgesia of ad- 
ults after hip replacement [24]. This study fo- 
und that hydromorphone for postoperative an- 
algesia after cesarean section relieved the pain 
and had a dose-relative inhibitory effect on the 
respiratory and digestive systems, while the 
inhibitory effect was not correlated with the 
dosage of hydromorphone.

The deficiency of this study is the few outcome 
measures. In the later stage, the levels of se- 

rum inflammatory factors and changes in blood 
sugar in patients will be detected at various 
time points to evaluate the inhibitory effect of 
hydromorphone on inflammatory reactions. The 
number of patients in each group is small, with 
individual differences, so the sample size will 
be enlarged in the later stage to reach 200 
patients in each group, in order to further ex- 
plore the effects and safety of the epidural 
injection of different doses of hydromorphone 
hydrochloride on postoperative analgesia after 
cesarean section.

Epidural injection of different doses of hydro-
morphone hydrochloride has a good analgesic 
effect in the early stage after cesarean section, 
of which 6 mg hydromorphone hydrochloride is 
more effective.
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