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Abstract

Background: Radical surgery for colorectal cancer, associated with moderate to severe postoperative pain, needs
multimodal analgesia with opioid for analgesia. Despite considerable advancements, the psychological implications
and other side effects with opioid remain substantially unresolved. This study aimed to investigate the impact on
mood, side effects relative to opioid, and recovery of the patients with hydromorphone or sufentanil intravenous
patient-controlled analgesia (IV-PCA) in a multimodal perioperative analgesia regimen undergoing radical surgery
for colorectal cancer.

Methods: Eighty patients undergoing elective laparoscopic or open radical surgery for colorectal cancer under general
anesthesia were randomized to receive postoperative IV-PCA with either sufentanil (group S) or hydromorphone (group
H). All patients received additionally flurbiprofen axetil 50 mg 30 min before the end of surgery and wound infiltration
with 10 ml of 0.75% ropivacaine at the end of surgery. The primary endpoint was mood changes at 48 and 96 h after
surgery. The secondary endpoints were the incidence of opioid-related adverse effects, recovery results and patient
satisfaction after surgery.

Results: Seventy-two patients completed the study finally. There were no significant differences between the two
groups with respect to preoperative parameters, surgical and anesthetic characteristics (P > 0.05). No obvious significant
differences were observed in VAS score (at rest and during mobilization) and rescue analgesics use (P > 0.05). Compared
with group S, the anger scores in the group H at 48 h and 96 h after surgery were significantly lower (P = 0.012 and 0.
005; respectively), but the incidences of pruritus and nausea were higher (P = 0.028 and 0.008; respectively). There were
no significant differences in the incidences of vomiting, respiratory depression, dizziness, Ramsay score, and
hemodynamic changes between the two groups (P > 0.05). Moreover, there were no significant differences in
the time to gastrointestinal recovery, time to drainage tube removal, time to walk, hospital stay after surgery
and patient satisfaction between the two groups (P > 0.05).
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Conclusions: Under the similar analgesia effect with different opoiods postoperatively, hydromorphone IV-PCA
resulted in an improved mood, however, a higher occurrence of pruritus and nausea while compared to sufentanil IV-
PCA in a multimodal perioperative analgesia regimen. Both regimens of opioid with IV-PCA may serve as promising
candidates for good postoperative pain management, and provide with similar postoperative recovery for the patients
undergoing radical surgery for colorectal cancer.

Trial registration: This study was registered with the Chinese Clinical Trial Registry on September 20, 2015 (URL: http://
www.chictr.org.cn. Registry number: ChiCTR-IPR-15007112).

Keywords: Hydromorphone, Sufentanil, Intravenous patient-controlled analgesia, Mood, Side effects , Radical surgery
for colorectal cancer

Background
Patients experience moderate to severe pain after colorec-
tal surgery. Effective pain management is a national and
global challenge [1, 2]. Inadequately controlled postopera-
tive pain adversely affects patients, resulting in unneces-
sary physical, psychological, and emotional manifestations
[3]. Safe and effective postoperative analgesia not only re-
duces the postoperative complications but also facilitates
rapid recovery and minimizes the emotional suffering in-
cluding anxiety, fear, depression, disaffection, frustration,
and so on [1, 2]. Moreover, a favorable postoperative pain
management should provide adequate analgesia with a
minimum of side effects [1, 2, 4].
The concept of multimodal analgesia was introduced

in the early 1990s and is currently established in clinical
practice worldwise. For multimodal analgesia regimen,
opioid analgesics are the primary medications for man-
aging pain in hospitalized patients [2, 5, 6]. Intravenous
patient-controlled analgesia (IV-PCA) has been demon-
strated to be a delivery method that offers significant
benefits to patients with postoperative pain after abdo-
men operation. Opioids IV-PCA are commonly, almost
routinely, provided in the immediate postoperative
period after numerous types of surgeries. Over the past
two to three decades, efforts to improve opioid analgesia
have progressed along two following paths: one is to im-
prove opioid analgesia effect, and other is to provide sat-
isfactory pain relief with minimal side-effect burden.
Postoperative opioid analgesics have significant adverse
effects including nausea, vomiting, excessive sedation,
respiratory depression, and so on. Opioids not only se-
verely impair the function of the mu opioid receptors,
but also inhibit the release of beta-endorphin resulting
in feeling of anhedonia, lead to a relative paucity of
dopamine resulting in a depressive mood and lack of
“wellness”. Stephan et al. believed that the profound im-
pacts of opioids on mood and wellness are often under-
scored [7]. Hydromorphone, widely used in the USA and
Europe countries, is a semisynthetic mu and delta opioid
agonist. It was well demonstrated that hydromorphone
has valuable advantages of rapid onset, robust analgesic

efficacy, no ceiling effect for analgesia, inactive metabol-
ite, and fewer side effects while compared to morphine
[8–10]. Sufentanil, a highly selective mu opioid agonist,
provides various advantages such as reliable analgesic
efficacy, stable hemodynamics, and few side effects, and
has been widely used as an postoperative analgesia in
China [11, 12]. Rapp et al. reported that hydromorphone
improved the mood of patients while compared to mor-
phine [13]. To our knowledge, more and more studies
investigated the different analgesia effect, only a few
studies have been investigated on mood changes with
different opioids IV-PCA [7, 13, 14]. Therefore, we
tested the hypothesis that hydromorphone could
improve the postoperative mood for the patients with
IV-PCA involved multimodal perioperative analgesia
regimen compared to sufentanil. The aim of this pro-
spective comparative investigation was to assess the im-
pact of hydromorphone or sufentanil IV-PCA in a
multimodal perioperative analgesic regimen on mood,
side effects of opioid and recovery for the patients
undergoing radical surgery for colorectal cancer.

Methods
Ethics approval and consent to participate
This prospective, double-blind, randomized controlled study
was approved by the Ethics Committee of the First Affiliated
Hospital of Zhejiang University School of Medicine,
Hangzhou, Zhejiang, China (Ethical number: 2015[315])
and registered with the Chinese Clinical Trial Registry
(URL: http://www.chictr.org.cn. Registry number: ChiCTR-
IPR-15007112). Informed written consent was obtained
from all participants before enrollment.

Criteria for inclusion and exclusion
The study was conducted in the Department of
Anesthesiology, the First Affiliated Hospital, Zhejiang
University School of Medicine, from September 2015 to
February 2016. We enrolled 80 American Society of An-
esthesiologists (ASA) physical status I - II patients aged
between 18 and 80 years undergoing elective laparo-
scopic or open radical surgery for colorectal cancer. All
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were scheduled to receive general anesthesia. Exclusion
criteria were as follows: body mass index (BMI) ≤18 or ≥
30 kg/m2, alcohol or drug abuse, history of chronic pain,
pre-existing neuralgia, digestive tract ulcer, gastroesoph-
ageal reflux or mental diseases, severe renal or hepatic
dysfunction, a previous history of delay recovery under
general anesthesia, relevant drug allergy, currently taking
contraceptives, pregnancy, inability to understand Man-
darin, inability to properly describe postoperative pain
(e.g. language barrier, neuropsychiatric disorder) or in-
ability to use IV-PCA pump, consumption of opioids
within 24 h before surgery, taking monoamine oxidase
inhibitor (MAOI) or antidepressant use 15 days before
surgery, taking sedative, anti-emetic, or antipruritic dur-
ing the 24 h preoperatively, anxiety or depressive disor-
ders, transfer to intensive care unit (ICU) after surgery.

Randomization
The study was a blind randomized controlled trial. The
patients were randomly assigned to group S and group
H by the random-numbers table. Identical boxes con-
taining either group S or group H were sealed by an in-
dependent statistician. One nurse (SJY who did not
participate in patient care) opened the box, took out the
envelope, prepared the pump, and transfered the pump
to the anesthesiologist. Two of the anesthesiologists
(YQY, HLL) performed general anesthesia and all intra-
operative assessments, and two other investigators
(LNZ, LC) assessed and recorded all the postoperative
data blinded to the group identity.

Preoperative preparations and anesthesia protocol
The purpose of this study, IV-PCA instructions and VAS
evaluation were explained to the patients 1 day before
surgery. Written consent was obtained from partici-
pants, and Self-Rating Anxiety Scale (SAS) and Self-
Rating Depression Scale (SDS) were evaluated by nurse
XYX. The SAS is a 20-item self-report assessment device
built to measure anxiety levels, based on scoring in 4
groups of manifestations: cognitive, autonomic, motor
and central nervous system symptoms. The SDS is a
short self-administered survey to quantify the depressed
status of a patient. There are 20 items on the scale that
rate the affective, psychological and somatic symptoms
associated with depression. Each question is scored on a
scale of 1 through 4 (based on these replies: “a little of
the time”, “some of the time”, “good part of the time”,
“most of the time”). Overall assessment is done by total
score. The patients whose standard score of SAS or SDS
was ≥50 were excluded from the study. A base line psy-
chometric assessment such as simplified Profile of Mood
States (POMS) was performed 1 day before surgery.
All patients received a standardized anesthetic regi-

men. No additional preoperative medications were

administered. Upon arrival in the operating room, ASA
standard monitoring, including electrocardiography, in-
vasive blood pressure and pulse oximetry was estab-
lished. Electrodes were applied to the patient’s forehead
for monitoring the bispectral index (BIS) (A-2000 BIS™
monitor; Aspect® Medical Systems, Inc., Natick, MA,
USA). After pre-oxygenation for 3 min, anesthesia was
induced with midazolam 0.05 mg/kg, propofol 2 mg/kg,
and fentanyl 5 μg/kg. Upon confirming the loss of re-
sponse to verbal orders, 0.6 mg/kg of rocuronium brom-
ide was intravenously administered, and endotracheal
intubation was performed after 60 s. Subsequently,
mechanical ventilation was initiated to oxygenate the
patient with 0.4 FIO2 and maintain an end-tidal car-
bon dioxide of 35–45 mmHg. For anesthesia mainten-
ance, propofol was titrated at 5–8 mg/kg/h with a
pump (Double channel micro-infusion pump WZS-
50F6; Smiths Medical Instrument Co., Ltd., Zhejiang,
China) to keep BIS between 45 and 55, and remifen-
tanil was administrated at 0.05–0.3 μg/kg/min with a
pump to keep hemodynamic stable. Boluses of 0.
03 mg/kg cisatracurium was intermittently injected to
maintain muscle relaxation. Palonosetron hydrochlor-
ide 0.25 mg were administered 30 min before the end
of surgery. 5 min before the end of surgery, the pro-
pofol and remifentanil infusion was stopped. The sur-
gery and local anesthetic infiltration were performed
by three surgical teams. Following surgery, the pa-
tients were transferred to a post-anesthesia care unit
(PACU). Once spontaneous breathing occurred, the
neuromuscular blockade was reversed with atropine 0.
5 mg and neostigmine 1 mg. Extubation was per-
formed when the patients were conscious and their
spontaneous breathing recovered well. The patients
were discharged from PACU to the less intensive
ward when the modified Aldrete score was minimally
9/10 points.

Postoperative pain management
A standardized postoperative analgesic regimen was
used. Flurbiprofen axetil 50 mg was injected 30 min be-
fore the end of surgery intravenously. At the end of sur-
gery, the postoperative wound was infiltrated with 10 ml
of 0.75% ropivacaine. The IV-PCA device (Rehn Med-
tech Ltd., Jiangsu, China) was connected at the end of
surgery. For group S, the pump was set to deliver with a
loading dose of 3 μg, a bolus dose of 3 μg and a continu-
ous infusion at 1.8 μg/h of sufentanil with a lockout time
of 10 min and a maximum dose of 18 μg/h. For group
H, the pump was set to deliver with a loading dose of 0.
25 mg, a bolus dose of 0.25 mg, a continuous infusion at
0.15 mg/h of hydromorphone with a lockout time of
10 min and a maximum dose of 1.5 mg/h postopera-
tively. The aim of postoperative analgesia was to control
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the VAS score below 3 after surgery. If the patient was
not satisfied by two or three bolus doses administered
continuously by IV-PCA, flurbiprofen axetil 50 mg was
administered by surgeon in the ward. In the case of se-
vere side effects, the IV-PCA was stopped. Then the
acute pain service (APS) staff would reprogram the
pump with decreasing the basal dose and bolus dose by
20–25%. IV-PCA was reconnected after treating and se-
vere side effects subsided.

Data collection
Patients’ demographic data, the surgery and anesthesia
data, including operation mode, surgical procedure, sur-
geon, operative time, operative incision, estimated intra-
operative blood loss, intraoperative fluid replacement,
urine volume, anesthetist, anesthesia time (defined as
the time spent in the operating room in minutes), extu-
bation time, duration of PACU, the total consumption of
anesthetic were recorded.
The VAS score at rest and during mobilization and the

consumption of opioid with IV-PCA were measured at
the time of discharge from PACU (T0), 6 h (T1), 12 h
(T2), 24 h (T3), 36 h (T4), 48 h (T5), 60 h (T6), 72 h (T7),
84 h (T8), and 96 h (T9) after surgery. The number of
rescue analgesics use was recorded at the following time
points: up to T0, T0−T1, T1−T2, T2−T3, T3−T4, T4−T5, T5

−T6, T6−T7, T7−T8, and T8−T9.
The perioperative mood was evaluated by simplified

POMS 1 day before operation and at T5 and T9 after
surgery. The simplified POMS has been used to as-
sess the mood in varied circumstances. The simplified
POMS measures self-reported emotional states by rat-
ing 40 different adjectives at the time of completion
of the test, for instance, “tense,” “depressed,” on a
scale of 0 to 4, wherein “0” corresponds to “not at
all” (no experience of the feeling) and “4” indicates
“extremely” (extreme experience of the feeling). The
intermediate ratings include “a little” = 1, “moderately”
=2, and “quite a bit” = 3. Furthermore, the simplified
POMS yields independent sub-scores for tension, de-
pression, fatigue, vigor, confusion, anger, and self-
related emotions.
The side effects including nausea, vomiting, respira-

tory depression [respiratory rate < 8 per min or pulse
oxygen saturation (SpO2) < 90%], dizziness, pruritus, the
level of sedation, and hemodynamic changes were
assessed at T0-T9. The postoperative sedation was evalu-
ated using Ramsay Sedation Scale (1 = patient is anxious
and agitated or restless or both; 2 = patient is coopera-
tive, oriented, and tranquil; 3 = patient responds to com-
mands only; 4 = patient exhibits brisk response to light
glabellar tap or loud auditory stimulus; 5 = patient ex-
hibits a sluggish response to light glabellar tap or loud
auditory stimulus; 6 = patient shows no response).

Hypotension was defined as systolic blood pressure
(SBP) 30% lower than baseline or < 90 mmHg.
The time to gastrointestinal recovery, time to drainage

tube removal, time to walk, and the duration of hospital
stay after surgery were also recorded. The patient satis-
faction was assessed at T3 and T5, and the rating levels
were divided into dissatisfied, neutral, satisfied, and very
satisfied.

Endpoint and sample size
The primary endpoint was mood changes at 48 h and
96 h after surgery. The secondary endpoints were the in-
cidence of opioid-related adverse effects, recovery results
and patient satisfaction after surgery. A preliminary
study was conducted measuring the scores of mood in
10 patients in order to estimate the size of the group es-
sential for the main study. Compared with group S, the
score of anger at 48 h after surgery in the group H
showed an improvement of 1.51 with a standard devi-
ation (SD) 2.17. Subsequently, the required number of
subjects per group was determined as 33 when the α
value (level of significance) was 0.05 (two-sided), and the
power 1-β was 0.8. We further added an excess of 20%
to the sample size in order to compensate for subject at-
trition, yielding a final group size of 80 patients.

Statistical analysis
The data were analyzed using SPSS software version 19.
0. The Shapiro-Wilk test was used to assess the normal
distribution. Parametric data were expressed as mean ±
SD or mean with 95% confidence intervals and nonpara-
metric data as a median and interquartile range. Group
averages were compared using the Student’s t-test or
Mann–Whitney U test as appropriate. For continuous
data, the overall differences were tested by one-way ana-
lysis of variance (ANOVA) followed by a post hoc test
with least significant difference (LSD) t-test or Kruskal–
Wallis test followed by a Mann–Whitney U test when
appropriate. The categorical data were assessed by Pear-
son’s chi-square test or Fisher’s exact test. The psycho-
logical evaluations were calculated as changes in
reference to the baseline. Statistical significance was in-
dicated by P < 0.05.

Results
Eighty patients enrolled in the present study were
randomly assigned to the group S (n = 40) or group
H (n = 40). A total of 8 patients were excluded from
the final analysis due to surgery cancelled (2 pa-
tients), and surgery changed (6 patients). Finally, 72
patients completed the study: 37 in group S and 35
in group H (Fig 1).
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Preoperative parameters, and surgical and anesthetic
characteristics
The patients’ demographic and historical variables were
similar between the two groups including age, gender,
weight, height, education level, ASA status, previous his-
tory of surgery, previous history of PCA, diabetes, hyper-
tension, smoking, and motion sickness (P > 0.05; Table 1).
No significant differences were seen between groups in the
terms of operation mode, surgical procedure, surgeon, op-
erative time, operative incision, intraoperative blood loss,
intraoperative fluid replacement, and urine volume (P > 0.
05; Table 2). Moreover, any significant differences were
not found with respect to anesthetist, anesthesia time,

extubation time, duration of PACU, the total consumption
of propofol, fentanyl and remifentanil (P > 0.05; Table 3).

Postoperative pain control
There was no any significantly difference in VAS score at
rest and during mobilization from T0 to T9 between the
two groups (P > 0.05, Fig 2). Cumulative consumption of
sufentanil with IV-PCA from T0 to T9 was 5.49 ± 3.14 μg,
17.96 ± 4.79 μg, 29.09 ± 5.36 μg, 51.21 ± 11.21 μg, 70.89 ±
15.79 μg, 91.13 ± 16.72 μg, 110.59 ± 15.25 μg, 127.92 ± 17.

Fig. 1 Schematic illustration of the enrolled patients

Table 1 Patients’ demographic and historical variables in both
groups

Group S
(n = 37)

Group H
(n = 35)

P

Age (years) 53.76 ± 9.73 53.63 ± 12.90 0.962

Gender
(Male/female) (n)

25/12 20/15 0.361

Weight (kg) 63.64 ± 10.78 59.26 ± 12.42 0.114

Height (cm) 165.65 ± 8.24 164.17 ± 8.24 0.450

Education level

Primary / junior
/senior/ university (n)

5/22/3/7 5/19/6/5 0.683

ASA status I/II(n) 19/18 17/18 0.814

Previous history of surgery (n) 17 10 0.128

Previous history of PCA (n) 5 0 0.073

Diabetes (n) 2 1 1.000

Hypertension (n) 13 6 0.083

Smoking (n) 11 11 0.875

Motion sickness (n) 2 1 1.000

Values are expressed as mean ± SD or number of patients
ASA American Society of Anesthesiologists

Table 2 Surgery characteristics

Group S
(n = 37)

Group H
(n = 35)

P

Surgical procedure

Colon carcinoma/
rectal cancer (n)

17/20 19/16 0.479

Operation mode

Laparoscopic/
hand-assisted
laparoscopic /
open (n)

11/8/18 6/12/17 0.325

Surgeon

Group A/Group
B/Group C (n)

9/15/13 10/11/14 0.723

Operative
time (min)

178.97 ± 76.35 153.09 ± 58.66 0.110

Operative
incision (cm)

6 (5–15) 10 (5–15) 0.272

Intraoperative
blood loss (ml)

100 (50–175) 100 (50–100) 0.307

Intraoperative fluid replacement

Crystalloids (ml) 1689.46 ± 561.42 1502.86 ± 414.43 0.115

Colloids (ml) 500 (100–500) 500 (100–500) 0.612

Urine volume (ml) 150 (125–250) 150 (100–250) 0.900

Values are expressed as mean ± SD, median and interquartile range or number
of patients

Table 3 Anesthesia characteristics

Group S
(n = 37)

Group H
(n = 35)

P

Anesthetist

Group A/Group B (n) 16/21 18/17 0.487

Anesthesia time (min) 212.95 ± 91.57 181.51 ± 63.88 0.095

Extubation time (min) 31.16 ± 27.71 39.20 ± 18.67 0.717

Duration of PACU (min) 87.11 ± 32.45 90.77 ± 27.00 0.605

Total consumption
of propofol (mg)

1053.87 ± 448.71 932.57 ± 352.89 0.208

Total consumption
of fentanyl (mg)

0.5 (0.4–0.5) 0.5 (0.4–0.5) 0.922

Total consumption
of remifentanil (mg)

2.57 ± 1.35 2.23 ± 0.89 0.220

Values are expressed as mean ± SD or median and interquartile range or
number of patients
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40 μg, 138.29 ± 24.22 μg and 148.35 ± 28.31μg, respect-
ively. Cumulative consumption of hydromorphine with
IV-PCA from T0 to T9 was 0.52 ± 0.21 mg, 1.51 ± 0.57 mg,
2.38 ± 0.78 mg, 4.14 ± 1.34 mg, 6.02 ± 2.04 mg, 7.19 ± 1.
96 mg, 8.89 ± 2.40 mg, 10.44 ± 2.66 mg, 11.53 ± 2.97 mg
and 12.33 ± 3.19 mg, respectively. The number of rescue
analgesics use was not statistically significant between the
two groups (P > 0.05; Table 4).

Mood changes
The primary endpoint was mood changes at 48 h (T5)
and 96 h (T9) after surgery. Compared with the pre-
operative measures, the scores of fatigue at T5 and T9 in
both groups were higher (group S: P = 0.000 and 0.000,
respectively; group H: P = 0.002 and 0.000, respectively)
while the scores of vigor and self-related emotions at T5

and T9 in both groups were lower (group S: P = 0.002
and 0.000, respectively; group H: P = 0.007 and 0.000, re-
spectively). And the scores of anger at T5 and T9 in
group S were higher (P = 0.001 and 0.000, respectively),
whereas the scores of confusion at T5 and T9 in group

H were lower (P = 0.003 and 0.003, respectively). But no
significant differences were seen in both groups in the
terms of tension and depression at T5 and T9 while
compared with the preoperative measures (P > 0.05).
Compared with group S, the scores of anger at T5 and
T9 in group H were lower (P = 0.012 and 0.005, respect-
ively), but the scores of confusion, depression, fatigue,
tension, vigor, and self-related emotions at T5 and T9

were not statistically significant between the two groups
(P > 0.05; Table 5).

Opioid-related adverse effects
A statistically significant difference did not occur between
the groups in terms of nausea at T0, T2–9 after surgery,
whereas group H showed a significantly higher incidence
of nausea than group S during the period from PACU dis-
charge to postoperative 6 h (P = 0.008; Table 6). However,
no any significant difference was observed with respect to
vomiting between two groups (P > 0.05; Table 6).
Two patients in group S and one patient in group H

showed a Ramsay sedation score of 3 while all the other
patients presented Ramsay score of 2. In group H, three
patients developed hypotension, two patients experi-
enced dizziness, and six patients showed symptoms of
pruritus. Conversely, in group S, three patients devel-
oped hypotension, but no one experienced dizziness or
pruritus. In both groups, none of the patients showed
signs of respiratory depression. Moreover, no any signifi-
cant differences were observed in terms of sedation, diz-
ziness, respiratory depression, and hypotension between
the two groups (P > 0.05; Table 7); however, when com-
pared with group S, the incidence of pruritus was higher
in group H (P = 0.028; Table 7). Moreover, there was no
any significant difference in the hemodynamic changes
during the postoperative period (P > 0.05; Fig 3).

Recovery results and patient satisfaction
There were no any significant differences between the
two groups with respect to the time to gastrointestinal
recovery, time to drainage tube removal, time to walk,

Fig. 2 Postoperative VAS score. a The VAS score at rest in the two groups of patients during postoperative period. b The VAS score during
mobilization in the two groups of patients during postoperative period. Values are expressed as mean with 95% confidence intervals. T0:
discharge from PACU; T1: 6 h after surgery; T2: 12 h after surgery; T3: 24 h after surgery; T4: 36 h after surgery; T5: 48 h after surgery; T6: 60 h after
surgery; T7: 72 h after surgery; T8: 84 h after surgery; T9: 96 h after surgery. VAS = visual analogue scale

Table 4 The numbers of flurbiprofen axetil for rescue analgesia
for two groups

Group S (n = 37) Group H (n = 35) P

up to T0 13 8 0.252

T0−T1 13 14 0.670

T1−T2 12 14 0.504

T2−T3 14 14 0.851

T3−T4 14 14 0.851

T4−T5 14 16 0.498

T5−T6 15 16 0.658

T6−T7 14 16 0.498

T7−T8 14 16 0.498

T8−T9 15 16 0.658

Values are expressed as number of patients. T0: discharge from PACU; T1: 6 h
after surgery; T2: 12 h after surgery; T3: 24 h after surgery; T4: 36 h after
surgery; T5: 48 h after surgery; T6: 60 h after surgery; T7: 72 h after surgery; T8:
84 h after surgery; T9: 96 h after surgery
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or the hospital duration after surgery (P > 0.05; Table 8).
And no significant differences were observed between
the two groups in patient satisfaction at T3 and T5 (P >
0.05; Table 9).

Discussion
To our knowledge, this is the first investigation compar-
ing the impact of hydromorphone and sufentanil IV-
PCA under similar analgesia effect on the mood after
radical surgery for colorectal cancer. We found that
hydromorphone IV-PCA was associated with lower
anger score, higher incidence of postoperative pruritus
and nausea and comparable postoperative recovery com-
pared to sufentanil IV-PCA.
The ideal opioid would be one that provides rapid pain

relief with moderate duration while at the same time
producing minimal physiologic or psychologic side ef-
fects. Psychological processes directly influence clinical
outcomes [15]. Sufentanil and hydromorphone are

opioid analgesics currently widely used in clinical anaes-
thesia and postoperative analgesia [8, 10–12, 16]. Lots of
literature paid much attention on their analgesia effect
or physiological side effects, but less on their side effect
on the psychologic issue [7, 13, 14]. Stephan et al. be-
lieved that the profound impacts of opioids on mood
and wellness are often underscored [7]. Rapp et al. re-
ported that hydromorphone improved the mood of pa-
tients while compared to morphine [13]. Sufentanil has
been also widely used for postoperative analgesia cur-
rently [11, 12, 16]. The aim of this investigation was to
compare the impact of hydromorphone and sufentanil
IV-PCA under similar analgesia effect on physiologic or
psychologic side effects simultaneously. Our result
showed that the scores of anger at 48 h and 96 h after
surgery in group H were significantly lower when com-
pared with group S, though there were no significant dif-
ferences in confusion, depression, fatigue, tension, vigor
and self-related emotions between the two groups. To
eliminate bias and increase comparability, we tried to
keep the external conditions and procedures identical
between the two groups. The preoperative anxiety or de-
pression might influence the postoperative pain sensitiv-
ity, thus aggravating the patients’ subjective feeling of
postoperative pain and resulting in an increased demand
of the postoperative analgesic [17]. In order to alleviate
the impact of the preoperative anxiety or depression on
our study, we excluded patients with anxiety or depres-
sion preoperatively. The patients with chronic pain, pre-

Table 5 Profile of Mood States (POMS): changes from preoperative baseline to postoperative 48 h (T5) and 96 h (T9)

Group S Group H

T5 (n = 37) T9 (n = 37) T5 (n = 35) T9 (n = 35)

Anger 1.00 (0.00–2.50)* 0.00 (0.00–1.50)* 0.00 (−1.00–0.00)# 0.00 (−1.00–1.00)#

Confusion 0.00 (−2.00–1.00) 0.00 (−1.50–1.00) −1.00 (−2.00–1.00)* −1.00 (−3.00–0.00)*

Depression 0.00 (0.00–2.00) 0.00 (−1.00–2.00) 0.00 (−1.00–1.00) 0.00 (−2.00–2.00)

Fatigue 2.00 (0.00–5.00)* 2.00 (0.00–4.00)* 1.00 (0.00–3.00)* 1.00 (0.00–4.00)*

Tension 0.00 (−1.00–2.50) 0.00 (−1.00–1.50) 0.00 (−1.00–1.00) 0.00 (−3.00–2.00)

Vigor −2.00 (−6.00–0.50)* −3.00 (−6.50–0.50)* −2.00 (−7.00–1.00)* −3.00 (−8.00–0.00)*

Self-related emotions −2.00 (−4.00–0.00)* −2.00 (−5.00–−0.50)* −1.00 (−4.00–1.00)* −2.00 (−5.00–0.00)*

Values are expressed as median and interquartile range. T5: 48 h after surgery; T9: 96 h after surgery
*P < 0.05 compared with the preoperative measures; #P < 0.05 compared with group S

Table 6 The number and the incidence rate (%) of
postoperative nausea and vomiting in the two groups

Group S (n = 37) Group H (n = 35)

Nausea Vomiting Nausea Vomiting

up to T0 0 (0%) 0 (0%) 1 (2.9%) 0 (0%)

T0−T1 2 (5.4%) 1 (2.7%) 10 (28.6%) # 4 (11.4%)

T1−T2 8 (21.6%) 5 (13.5%) 12 (34.3%) 5 (14.3%)

T2−T3 5 (13.5%) 3 (8.1%) 8 (22.9%) 3 (8.6%)

T3−T4 5 (13.5%) 1 (2.7%) 9 (25.7%) 4 (11.4%)

T4−T5 3 (8.1%) 1 (2.7%) 7 (20.0%) 2 (5.7%)

T5−T6 3 (8.1%) 2 (5.4%) 8 (22.9%) 3 (8.6%)

T6−T7 3 (8.1%) 2 (5.4%) 8 (22.9%) 3 (8.6%)

T7−T8 3 (8.1%) 1 (2.7%) 3 (8.6%) 2 (5.7%)

T8−T9 1 (2.7%) 1 (2.7%) 2 (5.7%) 3 (8.6%)

Values are expressed as number of patients (%). T0: discharge from PACU; T1:
6 h after surgery; T2: 12 h after surgery; T3: 24 h after surgery; T4: 36 h after
surgery; T5: 48 h after surgery; T6: 60 h after surgery; T7: 72 h after surgery; T8:
84 h after surgery; T9: 96 h after surgery
#P < 0.05 compared with group S

Table 7 The number of adverse events postoperatively

Group S (n = 37) Group H (n = 35) P

Ramsay score 1 /2 / ≥3 (n) 0/35/2 0/34/1 1.000

Pruritis (n) 0 6# 0.028

Dizziness (n) 0 2 0.233

Respiratory depression (n) 0 0 /

Hypotension (n) 3 3 1.000

Values are expressed as number of patients
#P < 0.05 compared with group S
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treatment with analgesics or history of drug abuse were
also excluded. In our study, no statistically significant
differences were found between the groups with respect
to the operation mode, surgical team, hemodynamic
changes, consumption of anesthetics, and VAS score
postoperatively. The opioids have been implicated in
modifying the mood states, modulating the mood reac-
tions [18–24], and exercising mood-enhancing proper-
ties such as euphoria [22], thereby reducing mood
disturbances [23]. However, exogenous opioids halt pro-
duction of beta-endorphins as well as down-regulate and
impair the function of mu opioid receptors [25–27],

indirectly limit the action of dopamine in the central
nervous system, leading to a feeling of anhedonias [7].
This also might be attributed to the wide distribution of
the opioid receptors in the limbic system and locus coer-
uleus, which are deemed responsible for reward process-
ing and mood control and mental activity [28].
Moreover, accumulating evidence from animal research
reveals that mu, delta and kappa opioid receptors exert
highly distinct controls over mood-related processes
[29]. Delta opioid receptor agonists and kappa opioid re-
ceptor antagonists have promising antidepressant poten-
tial. Although the mu opioid receptor agonists present
strong analgesic effect and sedation, they also cause side
effects such as respiratory depression, constipation, and
euphoria. The kappa opioid receptor agonists not only
provide analgesia but also suppress addiction, whereas
the delta opioid receptor agonists possess a strong anal-
gesic activity as well as anti-anxiety, anti-depression, and
organ protection [30, 31]. Hydromorphone exhibits a
high affinity to mu opioid and delta opioid receptors,
whereas sufentanil is a highly selective mu opioid agonist
and possesses a low affinity towards delta opioid recep-
tor. Therefore, the speculated underlying mechanisms of
improved mood caused by hydromorphone IV-PCA
were associated with pain relief induced by the excited
mu opioid receptors and the anti-anxiety and anti-
depression caused by excited delta opioid receptors;
however, further studies are essential to substantiate
these findings.
Postoperative opioid IV-PCA have physiologic adverse

effects including nausea, vomiting, pruritus, excessive
sedation, respiratory depression, and so on. There were
no significant differences in the incidences of vomiting,
excessive sedation, respiratory depression and
hypotension between the two groups. However, the inci-
dence of nausea during the period from PACU discharge
to postoperative 6 h was higher in group H when com-
pared with group S. The incidence of pruritus was
higher in group H compared to group S. Evidence shows
that PONV is caused by multiple factors, including the
anesthetics, operation mode and risk factors of the pa-
tients [32]. There were no obvious significant differences
in the anesthetics, intraoperative opioid, operation, gen-
der, laparoscopic surgery ratio, and motion sickness be-
tween the two groups. The Apfel simplified risk score is
based on four predictors: female, history of PONV and/
or motion sickness, nonsmoking status, and use of post-
operative opioids [33]. Roberts et al. and Shaikh et al.
demonstrated that postoperative opioids increased risk
for PONV [34, 35]. Therefore, we speculate that the sig-
nifcant difference in the incidence of nausea between
the two groups may result from the different opioid with
IV-PCA. Multiple factors may contribute to opioid in-
duced nausea and vomiting, including activation of

Fig. 3 Postoperative hemodynamic changes. a Postoperative
changes in systolic blood pressure. b Postoperative changes in
diastolic blood pressure. c Postoperative changes in heart rate.
Values are expressed as mean with 95% confidence intervals. T0:
discharge from PACU; T1: 6 h after surgery; T2: 12 h after surgery; T3:
24 h after surgery; T4: 36 h after surgery; T5: 48 h after surgery; T6:
60 h after surgery; T7: 72 h after surgery; T8: 84 h after surgery; T9:
96 h after surgery
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opioid receptors in the chemoreceptor trigger zone, ves-
tibular apparatus, and gastrointestinal tract [36]. Coda
BA et al. found that there was no significant difference
in nausea while compared hydromorphone, morphine
and sufentanil IV-PCA in patients with oral mucositis
pain following bone marrow transplantation [37]. Prur-
itus is an unpleasant sensation leading to scratching,
which may seriously affect the quality of life. Opioids are
one of the best-known medications evoking pruritus. It
was well demonstrated that pruritus was one of the most
common side effects as being the reason for the change
in opioid from morphine to hydromorphone [10]. How-
ever, to our knowledge, there was no relative report to
compare the incidence of pruritus between hydromor-
phone and sufentanil. Although there were several dif-
ferences in physiologic adverse effects between
hydromorphone and sufentanil IV-PCA, the recovery
parameters including the time to gastrointestinal recov-
ery, time to drainage tube removal, time to walk, the
hospital duration after surgery and the patient satisfac-
tion were similar. Opioid-induced pruritus and PONV
are unwanted side effects, negatively affecting patient
functional outcomes, decreasing patient satisfaction and
increasing costs. It is worth further investigation.
There are several limitations in this study. First, we

have not recorded the awareness of disease of pa-
tients before or after surgery, which would also affect
the mood and recovery postoperatively. Second, the
patients with anxiety and depression were excluded
from the study preoperatively, whether

hydromorphone IV-PCA can improve the mood of
these patients is yet to be elucidated.

Conclusions
In conclusions, under the condition with similar anal-
gesia effect with different opoiods postoperatively,
hydromorphone IV-PCA resulted in an improved mood,
however, a higher occurrence of pruritus and nausea
while compared to sufentanil IV-PCA in a multimodal
perioperative analgesia regimen. Both regimens of opioid
for IV-PCA may serve as promising candidates for the
management of postoperative analgesia with similar
postoperative recovery for the patients undergoing rad-
ical surgery for colorectal cancer.
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Table 9 Patient satisfaction at 24 h (T3) and 48 h (T5) after
surgery in the two groups

Group S Group H

T3 (n = 37) T5 (n = 37) T3 (n = 35) T5 (n = 35)

Dissatisfied 0 (0%) 0 (0%) 1 (2.9%) 1 (3.2%)

Neutral 11 (29.7%) 5 (11.1%) 7 (20%) 4 (11.4%)

Satisfied 24 (64.9%) 30 (83.3%) 23 (65.7%) 27 (87.1%)

Very satisfied 2 (5.4%) 2 (5.6%) 4 (11.4%) 3 (9.7%)

Values are expressed as number with percent (%). T3: 24 h after surgery; T5:
48 h after surgery

Table 8 Comparison of the postoperative recovery parameters

Group S
(n = 37)

Group H
(n = 35)

P

Time to gastrointestinal
recovery (h)

62.19 ± 26.14 70.27 ± 18.63 0.137

Time to walk (h) 42 (37–52) 43 (38–51) 0.640

Time to drainage
tube removal (h)

168.0 (140.5–207.0) 166.0 (142.0–210.5) 0.507

The hospital duration
after surgery(d)

9 (7–13) 9 (7–11) 0.596

Values are expressed as mean ± SD or median and interquartile range

Yang et al. BMC Anesthesiology  (2018) 18:37 Page 9 of 10

http://www.chictr.org.cn
http://www.chictr.org.cn


Author details
1Department of Anesthesiology & Pain Medicine, The First Affiliated Hospital,
Zhejiang University School of Medicine, 79 Qing Chun Road, Hangzhou,
Zhejiang 310003, People’s Republic of China. 2Department of Anesthesiology,
Taizhou Hospital, Linhai, Zhejiang, People’s Republic of China. 3Department
of Anesthesiology, The Second Affiliated Hospital of Jiaxing College, Jiaxing,
Zhejiang, People’s Republic of China.

Received: 18 August 2017 Accepted: 26 March 2018

References
1. Glowacki D. Effective pain management and improvements in patients’

outcomes and satisfaction. Crit Care Nurse. 2015;35:33–41.
2. Chou R, Gordon DB, de Leon-Casasola OA, Rosenberg JM, Bickler S,

Brennan T, Carter T, Cassidy CL, Chittenden EH, Degenhardt E, Griffith S,
Manworren R, McCarberg B, Montgomery R, Murphy J, Perkal MF,
Suresh S, Sluka K, Strassels S, Thirlby R, Viscusi E, Walco GA, Warner L,
Weisman SJ, Wu CL. Management of Postoperative Pain: a clinical
practice guideline from the American Pain Society, the American
Society of Regional Anesthesia and Pain Medicine, and the American
Society of Anesthesiologists’ committee on regional anesthesia,
executive committee, and administrative council. J Pain. 2016;17:131–57.

3. Czarnecki ML, Turner HN, Collins PM, Doellman D, Wrona S, Reynolds J.
Procedural pain management: a position statement with clinical practice
recommendations. Pain Manag Nurs. 2011;12:95–111.

4. Garimella V, Cellini C. Postoperative pain control. Clin Colon Rectal Surg.
2013;26:191–6.

5. Jarzyna D, Jungquist C, Pasero C, Willens JS, Nisbet A, Oakes L, Dempsey SJ,
Santangelo D, Polomano RC. American Society for Pain Management
nursing guidelines on monitoring for opioid-induced sedation and
respiratory depression. Pain Manag Nurs. 2011;12:118–45.

6. American Society of Anesthesiologists Task Force on Acute Pain
Management. Practice guide lines for acute pain management in the
perioperative setting: an updated report by the American Society of
Anesthesiologists Task Force on acute pain management. Anesthesiology.
2012;116:248–73.

7. Stephan BC, Parsa FD. Avoiding opioids and their harmful side effects in the
postoperative patient: exogenous opioids, endogenous endorphins,
wellness, mood, and their relation to postoperative pain. Hawaii J Med
Public Health. 2016;75:63–7.

8. Hong D, Flood P, Diaz G. The side effects of morphine and hydromorphone
patient-controlled analgesia. Anesth Analg. 2008;107:1384–9.

9. Felden L, Walter C, Harder S, Treede RD, Kayser H, Drover D, et al.
Comparative clinical effects of hydromorphone and morphine: a meta-
analysis. Br J Anaesth. 2011;107:319–28.

10. DiGiusto M, Bhalla T, Martin D, Foerschler D, Jones MJ, Tobias JD. Patient-
controlled analgesia in the pediatric population: morphine versus
hydromorphone. J Pain Res. 2014;7:471–5.

11. Dong CS, Zhang J, Lu Q, Sun P, Yu JM, Wu C, Sun H. Effect of
dexmedetomidine combined with sufentanil for post-thoracotomy
intravenous analgesia: a randomized, controlled clinical study. BMC
Anesthesiol. 2017;17:33.

12. Wang Y, Tang H, Guo Q, Liu J, Liu X, Luo J, Yang W. Effects of intravenous
patient-controlled sufentanil analgesia and music therapy on pain and
hemodynamics after surgery for lung cancer: a randomized parallel study. J
Altern Complement Med. 2015;21:667–72.

13. Rapp SE, Egan KJ, Ross BK, Wild LM, Terman GW, Ching JM. A
multidimensional comparison of morphine and hydromorphone patient-
controlled analgesia. Anesth Analg. 1996;82:1043–8.

14. Aubrun F, Gaillat C, Rosenthal D, Dupuis M, Mottet P, Marchetti F, Coriat P,
Riou B. Effect of a low-dose ketamine regimen on pain, mood, cognitive
function and memory after major gynaecological surgery: a randomized,
double-blind, placebo-controlled trial. Eur J Anaesthesiol. 2008;25:97–105.

15. Atlas LY, Wielgosz J, Whittington RA, Wager TD. Specifying the non-specific
factors underlying opioid analgesia: expectancy, attention, and affect.
Psychopharmacology. 2014;231:813–23.

16. Saari TI, Ihmsen H, Mell J, FrÖhlich K, Fechner J, Schüttler J, Jeleazcov C.
Influence of intensive care treatment on the protein binding of sufentanil
and hydromorphone during pain therapy in postoperative cardiac surgery
patients. Br J Anaesth. 2014;113:677–87.

17. Rehberg B, Mathivon S, Combescure C, Mercier Y, Savoldelli GL. Prediction
of acute postoperative pain following breast cancer surgery using the pain
sensitivity questionnaire: a cohort study. Clin J Pain. 2017;33:57–66.

18. Rojas-Corrales MO, Berrocoso E, Gibert-Rahola J, Mico JA. Antidepressant-like
effects of tramadol and other central analgesics with activity on
monoamines reuptake, in helpless rats. Life Sci. 2002;72:143–52.

19. Fichna J, Janecka A, Piestrzeniewicz M, Costentin J, do Rego JC.
Antidepressant-like effect of endomorphin-1 and endomorphin-2 in mice.
Neuropsychopharmacology. 2007;32:813–21.

20. Torregrossa MM, Jutkiewicz EM, Mosberg HI, Balboni G, Watson SJ, Woods
JH. Peptidic delta opioid receptor agonists produce antidepressant-like
effects in the forced swim test and regulate BDNF mRNA expression in rats.
Brain Res. 2006;1069:172–81.

21. Warnick JE, McCurdy CR, Sufka KJ. Opioid receptor function in social
attachment in young domestic fowl. Behav Brain Res. 2005;160:277–85.

22. Ribeiro SC, Kennedy SE, Smith YR, Stohler CS, Zubieta JK. Interface of
physical and emotional stress regulation through the endogenous opioid
system and mu-opioid receptors. Prog Neuro-Psychopharmacol Biol
Psychiatry. 2005;29:1264–80.

23. Dyer KR, White JM, Foster DJ, Bochner F, Menelaou A, Somogyi AA. The
relationship between mood state and plasma methadone concentration in
maintenance patients. J Clin Psychopharmacol. 2001;21:78–84.

24. Aguilar de Arcos F, Verdejo-Garcia A, Ceverino A, Montanez-Pareja M,
Lopez-Juarez E, Sanchez-Barrera M, et al. Dysregulation of emotional
response in current and abstinent heroin users: negative heightening and
positive blunting. Psychopharmacology. 2008;198:159–66.

25. Christie MJ, Williams JT, North RA. Cellular mechanisms of opioid tolerance:
studies in single brain neurons. Mol Pharmacol. 1987;32:633–8.

26. Przewlocki R. Opioid abuse and brain gene expression. Eur J Pharmacol.
2004;500:331–49.

27. Sprouse-Blum AS, Smith G, Sugai D, Parsa FD. Understanding endorphins
and their importance in pain management. Hawaii Med J. 2010;69:70–1.

28. Guo JP. The distribution and function of opioid receptor for narcotic
analgesic. World Latest Med Info. 2012;12:132–3.

29. Lutz PE, Kieffer BL. Opioid receptors: distinct roles in mood disorders. Trends
Neurosci. 2013;36:195–206.

30. Marchand F, Ardid D, Chapuy E, Alloui A, Jourdan D, Eschalier A. Evidence
for an involvement of supraspinal delta- and spinal mu-opioid receptors in
the antihyperalgesic effect of chronically administered clomipramine in
mononeuropathic rats. J Pharmacol Exp Ther. 2003;307:268–74.

31. Benbouzid M, Gaveriaux-Ruff C, Yalcin I, Waltisperger E, Tessier LH, Muller A,
et al. Delta-opioid receptors are critical for tricyclic antidepressant treatment
of neuropathic allodynia. Biol Psychiatry. 2008;63(6):633.

32. Gan TJ, Diemunsch P, Habib AS, Kovac A, Kranke P, Meyer TA, et al.
Consensus guidelines for the management of postoperative nausea and
vomiting. Anesth Analg. 2014;118:85–113.

33. Apfel CC, Läärä E, Koivuranta M, Greim CA, Roewer N. A simplified risk score
for predicting postoperative nausea and vomiting: conclusions from cross-
validations between two centers. Anesthesiology. 1999;91:693–700.

34. Roberts GW, Bekker TB, Carlsen HH, Moffatt CH, Slattery PJ, McClure AF.
Postoperative nausea and vomiting are strongly influenced by postoperative
opioid use in a dose-related manner. Anesth Analg. 2005;101:1343–8.

35. Shaikh SI, Nagarekha D, Hegade G, Marutheesh M. Postoperative nausea
and vomiting: a simple yet complex problem. Anesth Essays Res. 2016;
10:388–96.

36. Mallick-Searle T, Fillman M. The pathophysiology, incidence, impact, and
treatment of opioid-induced nausea and vomiting. J Am Assoc Nurse Pract.
2017;29:704–10.

37. Coda BA, O’Sullivan B, Donaldson G, et al. Comparative efficacy of patient-
controlled administration of morphine, hydromorphone, or sufentanil for
the treatment of oral mucositis pain following bone marrow
transplantation. Pain. 1997;72:333–46.

Yang et al. BMC Anesthesiology  (2018) 18:37 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Ethics approval and consent to participate
	Criteria for inclusion and exclusion
	Randomization
	Preoperative preparations and anesthesia protocol
	Postoperative pain management
	Data collection
	Endpoint and sample size
	Statistical analysis

	Results
	Preoperative parameters, and surgical and anesthetic characteristics
	Postoperative pain control
	Mood changes
	Opioid-related adverse effects
	Recovery results and patient satisfaction

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

