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Purpose: This study aimed to explore the effects of intravenous analgesia using tramadol on postoperative depression, anxiety, and
sleep in women undergoing abdominal endoscopic surgery.
Patients and Methods: Two hundred female patients (100 in each group) who underwent abdominal endoscopic surgery were
recruited to randomly receive intravenous analgesia with sufentanil combined with tramadol (tramadol group) or sufentanil (control
group). The primary outcome was the incidence of postoperative depression, which was assessed at 1, 2, and 3 days after surgery using
the 13-item Beck Depression Inventory. The secondary outcomes were the incidence of anxiety and sleep quality, which were assessed
using the 20-item Self-Rating Anxiety Scale and Richards–Campbell Sleep Questionnaire.
Results: The incidence of depression (Beck depression scale≥4) during the 3-day follow-up in the control group was 51%, which was
significantly higher than that in the tramadol group of 28% (relative risk [RR]=0.55; 95% confidence interval [CI], 0.38–0.79;
P=0.001). No difference was found in the incidence of anxiety state (Self-Rating Anxiety Scale≥40) between the tramadol and control
groups (7%vs 5%; RR=1.40; 95% CI, 0.46–4.25; P=0.552). All of the Richards–Campbell sleep scales of patients in the tramadol
group at 1 (77.4±15.2 vs 64.2±20.1, P<0.001), 2 (84.1±14.9 vs 71.8±18.8, P<0.001), and 3 days (87.0±12.2 vs 70.3±21.0, P<0.001)
after surgery were higher than those in the control group.
Conclusion: Intravenous analgesia using tramadol can effectively improve the postoperative depression and sleep status of women
undergoing abdominal endoscopic surgery. Tramadol is recommended for use in postoperative analgesia when improving post-
operative mood, and sleep is needed in clinical practice.
Keywords: women, depression, anxiety, sleep, abdominal surgery

Introduction
For patients undergoing elective surgery, psychological and emotional disorders are the mental and emotional disorders
with high incidence rates during the perioperative period, especially depression and anxiety. The incidence rate of
depression during the perioperative period is approximately 60%,1,2 and the incidence rate of anxiety is approximately
15%.3,4 Postoperative depression and anxiety not only directly reduce the patient’s emotional level but also significantly
affect the patient’s sleep quality and rehabilitation status and even prolong the hospital stay.5–7 However, the existing
epidemiological studies have confirmed that women are at high risk for postoperative anxiety and depression8,9 and have
a significantly higher risk of developing new depression and anxiety after surgery.10 Therefore, for women undergoing
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elective surgery, exploring how to relieve postoperative depression and anxiety is important to improve their satisfaction
and prognosis during the perioperative period.

Currently, patient-controlled intravenous analgesia (PCIA) is one of the most commonly used methods for post-
operative analgesia in surgical patients.11,12 Tramadol mainly acts by inhibiting the reuptake of norepinephrine and
serotonin and is widely considered a safe and effective intravenous analgesic.13–15 Currently, the most commonly used
first-line antidepressants for the treatment of depression are norepinephrine reuptake inhibitor and serotonin reuptake
inhibitor,16–18 and these are the choices for the treatment of anxiety disorder.19 Therefore, it is significantly likely that
tramadol can relieve depression and anxiety in women undergoing elective surgery under general anesthesia while
providing postoperative analgesic effects.

Recent clinical studies have shown that a comparative study of tramadol and hydromorphone on postoperative
analgesia in patients undergoing cesarean section unexpectedly found that tramadol can significantly reduce the depres-
sion and anxiety scores of patients undergoing cesarean section.20 In addition, the latest studies have also shown that
tramadol can significantly reduce the incidence of postpartum depression in parturients undergoing cesarean section,21

which further supports the possibility of using tramadol to relieve depression and anxiety in women undergoing surgery,
thus possibly improving their postoperative recovery. Therefore, this study included women undergoing abdominal
endoscopic surgery to explore the role of tramadol intravenous analgesia in the improvement of perioperative emotional
state through preoperative and postoperative depression and anxiety assessments.

Materials and Methods
Study Design
This randomized controlled study aimed to determinewhether intravenous analgesia using tramadol has anti-depression and anti-
anxiety effects in women undergoing abdominal endoscopic surgery under general anesthesia. This study was conducted
according to the Consolidated Standards of Reporting Trials 2010 statement guidelines. This study was conducted according
to the Declaration of Helsinki World Medical Association. And the study protocol was approved by the Hospital Ethics
Committee of the Second Affiliated Hospital, Chongqing Medical University (Approval ID: 2021–37), and all patients provided
written informed consent prior to the study. This study was registered in the Chinese Clinical Trial Registry
(ID: ChiCTR2100045898). The full protocol and study data can be acquired from the corresponding author HH or GD.

Patients
The study was performed from April 26, 2021 to September 15, 2021. We screened potential female participants in
surgical wards of the gynecology, hepatological surgery, and gastrointestinal surgery departments after they were
scheduled to undergo laparoscopic surgery. Female patients aged 18–65 years, undergoing elective laparoscopic surgery,
with American Society of Anesthesiology (ASA) physical status I–III, and voluntarily receiving PCIA were included for
screening. The exclusion criteria were as follows: patients who had been diagnosed with depressive or anxiety disorder
before; with a history of chronic pain; with long-term use of analgesics and psychotropic drugs; with serious diseases,
such as cardiac diseases, nausea, and liver, kidney, and blood system disorders; with a history of allergies to opioids or
tramadol; taking monoamine oxidase inhibitor drugs within 15 days; with a history of alcohol or opioid abuse, who were
currently included in another clinical study; who were pregnant or lactating; and who were unable to communicate.

Randomization and Masking
Simple randomization was performed, and the computer-generated randomization sequence was stratified with a 1:1
allocation. An independent epidemiologist prepared the allocation sequence and hid it in an opaque, numbered them in
sequence, and sealed envelopes. Subsequently, the patients were randomly assigned to the tramadol or control group
according to the envelope with a random number before surgery. The envelopes were then sealed again before the end of
surgery and stored at the site of investigation until the end of the study. In the study, all participants and researchers,
including those involved in surgery, were blinded of their group allocation during treatment. Anesthesiologists who were
responsible for performing PCIA were not involved in the data collection, input, or analysis. In addition, psychological
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assessment and related postoperative data collection were performed by trained professionals who did not participate in
patient care, and they were blinded to the group allocations.

Intervention
After entering the operating room, blood pressure, electrocardiogram, end-expiratory carbon dioxide oxygen, hemoglobin
saturation, and bispectral index (BIS) were continuously monitored for all included patients. Standardized anesthesia
induction was performed by intravenous anesthesia of propofol (2–3 mg/kg), sufentanil (0.5–2 μg/kg), midazolam (0.05–
0.2 mg/kg), and rocuronium (0.6–1.2 mg/kg). Endotracheal intubation was performed when the index BIS of the patient
dropped to 40–50. Anesthesia was maintained using sevoflurane (1.0–1.5%) combined with propofol (4–12 mg/kg/h) and
remifentanil (0.2–0.3 μg/kg/min). The depth of anesthesia was maintained according to the BIS index 40–60, and effort
was made to maintain blood pressure and heart rate within ±20% of baseline values. The patients in the control group
were intravenously injected with 8 μg of sufentanil 10–20 min before the end of surgery, and those in the tramadol group
were intravenously injected with 40 mg of tramadol. To prevent postoperative nausea and vomiting (PONV), ondansetron
(4 mg) and dexamethasone (10 mg) were administered after the surgery.

Postoperative pain control was provided using a PCIA pump (100 mL) at the end of the surgery. Pain treatment was
divided into two types according to the random number strategy. For the patients in the control group, 3 μg/kg sufentanil
(Humanwell Healthcare Co., Ltd. China) and ondansetron (16 mg) were mixed with 0.9% saline to a volume of 100 mL.
In the tramadol group, tramadol (Grunenthal Co., Ltd., Aachen, Germany) (7.5 mg/kg) and sufentanil (1.5 μg/kg) and
ondansetron (16 mg) mixed with 0.9% saline to a volume of 100 mL were placed in a PCIA pump. The PCIA pump was
programmed to have a background infusion of 2.0 mL/h, a PCIA dose of 1 mL, and a lockout period of 15 min.

Outcomes
The primary outcome of the study was the incidence of depression during the 3-day follow-up after surgery. Depression was
assessed at 1, 2, and 3 days after surgery using the 13-item Beck Depression Inventory, a commonly used self-reported scale
in previous studies of the Chinese population, of which a score of 4 or above indicates possible depression.22,23 The
secondary outcomes were postoperative anxiety state and sleep quality at 1, 2, and 3 days after surgery. Anxiety was assessed
using a 20-item Self-Rating Anxiety Scale, including 20 items assessing symptoms of anxiety, of which a score of 40 or
above indicates possible depression.24,25 Sleep quality was evaluated using the Richards–Campbell Sleep Questionnaire,
which includes six items assessing quality of sleep, with higher scores indicating better sleep quality.26,27 The area under the
curve (AUC) of the scores of depression, anxiety, and sleep quality during the 3-day follow-up compared to the scores before
surgery was also calculated. In the study, all psychological tests were performed by an investigator who was trained by
a professional psychologist, and only patients and investigators were present.

Other outcomes included length of hospital stay and time to walk out of bed. The numeric rating scale (NRS) of pain
at 1, 2, and 3 days after the surgery were assessed, and the pressing frequency of the PCIA pump at 1 and 2 days and total
PCIA consumption after surgery were also recorded. In addition, the patients’ degree of satisfaction during the time after
surgery was assessed according to unsatisfaction, average, or satisfaction.

Adverse reactions, such as nausea, vomiting, pruritus, urinary retention, and abnormalities of the cardiovascular
system after the surgery, were monitored for 48 h after surgery. Bradycardia was defined as a heart rate ≤55 bpm or
a decrease of ≥20% compared to the baseline. Tachycardia was defined as a heart rate ≥100 bpm or an increase of ≥20%
from the baseline. Hypotension was defined as systolic blood pressure ≤95 mmHg or a decrease of ≥20% from the
baseline. Hypertension was defined as systolic blood pressure ≥160 mmHg or an increase of ≥20% from the baseline.
Hypoxemia was defined as a pulse oxygen saturation ≤95%.

Sample Size Calculation
According to the pilot observations in our hospital, the incidence rate of depression, the primary outcome of the study,
which was assessed using the 13-item Beck Depression Inventory, was approximately 50%. We hypothesized that
intravenous analgesia tramadol accounts for 40% of the incidence, that is, 20%. Based on a significance level of 0.05
and a power of 0.8, the sample size was calculated according to a 1:1 parallel control study using the sample size
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calculation software PASS version 11.0 (NCSS, Kaysville, UT). The estimated sample size was 94 for each group.
Considering that the missing follow-up rate was approximately 5%, the total required sample size was approximately 200
cases, with 100 cases in each group.

Statistical Analyses
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) software version 22.0
(SPSS, Chicago, IL, USA). Data are presented as number (%), mean (standard deviation), or median (interquartile range).
Data were analyzed according to the intention-to-treat principle, following a pre-established analysis plan. The chi-
squared test was used to compare the discontinuous variables between the two groups, and an independent-samples t-test
was used to compare normally distributed continuous variables. For the comparison of non-normally distributed data, the
Mann–Whitney U-test was performed. Relative risk (RR) with 95% confidence interval (CI) was calculated, when
appropriate. Subgroup analysis was performed to compare the incidence of depression and Richards–Campbell sleep
scale between the tramadol and control groups in patients undergoing gynecological surgery and hepatobiliary or
gastrointestinal surgery, respectively. In addition, stepwise logistic regression analysis was performed to determine the
effect of intravenous analgesia using tramadol in predicting postoperative depression. Age, ASA classification, patient
classification, surgery type, preoperative depression state, and anxiety state were included in the logistic model. Odds
ratios (ORs) with 95% CIs for these factors were calculated. Differences were considered statistically significant at
P < 0.05.

Results
As shown in Figure 1, none of the patient was lost to follow-up, and 200 women (100 in each group) were included in the
final analysis. The baseline demographic characteristics and preoperative and intraoperative data of all patients are listed in
Table 1. The depression score in the tramadol group was significantly higher than that in the control group (3.0 [1.0–5.0] vs
2.0 [1.0–3.0], P=0.046), and the incidence of depression was defined as a depression score≥4 (27% vs 15%, P=0.037).
There was no difference in other basal data between the patients in the control and tramadol groups (P>0.05).

The results of the postoperative evaluation of depression, anxiety, and sleep are shown in Table 2. The Beck depression
scale scores of patients in the tramadol group at 1 (2.0 [1.0–4.0] vs 3.5 [2.0–5.0], P<0.001), 2 (2.0 [0.0–3.0] vs 4.0 [2.0–5.0],
P<0.001), and 3 (0.0 [0.0–3.0] vs 2.0 [1.0–4.0], P<0.001) days after surgery were lower than those in the control group. The
incidence rate of depression (Beck depression scale≥4) during the 3-day follow-up in the control group was 51%, which
was significantly higher than that in the tramadol group (28%) (RR=0.55; 95% CI, 0.38–0.79; P=0.001).

There was no difference in the Self-Rating Anxiety Scale between the two groups at all 3 days after surgery (P>0.05),
and no difference was found in the incidence of anxiety between the tramadol and control groups (7% vs 5%; RR=1.40;
95% CI, 0.46–4.25; P=0.552). The Richards–Campbell sleep scale scores of patients in the tramadol group at 1 (77.4±15.2
vs 64.2±20.1, P<0.001), 2 (84.1±14.9 vs 71.8±18.8, P<0.001), and 3 (87.0±12.2 vs 70.3±21.0, P<0.001) days after surgery
were higher than those in the control group.

The AUCs of the mean Beck Depression Scale, Self-Rating Anxiety Scale, and Richards–Campbell Sleep
Questionnaire at 3-day follow-up compared to those before surgery are shown in Figure 2. The AUC of the Beck depression
scale in the tramadol group was significantly decreased, whereas it increased in the control group (−3.0 [−8.0–2.0] vs 3.0
[0.0–7.0], P<0.001). The AUC of the Self-Rating Anxiety Scale in the tramadol group was −11.3 (−20.0 to −5.0), whereas
in the control group, it was −10.0 (−15.0–0.9). Moreover, the P value between the two groups was 0.061. In addition, the
AUC of the Richards–Campbell sleep scale in the tramadol group was significantly increased, whereas it decreased in the
control group (21.4 [−3.1–57.6] vs −13.0 [−50.5–19.5], P<0.001).

Subgroup analysis showed that the incidence rate of depression in the tramadol group was significantly lower than
that in the control group for patients undergoing gynecological surgery (33.9% vs 52.4%; RR=0.67; 95% CI, 0.46–0.99;
P=0.037; Figure 3A-1) and hepatobiliary or gastrointestinal surgery (18.4% vs 48.6%; RR=0.45; 95% CI, 0.23–0.88;
P=0.005; Figure 3B-1). The Richards–Campbell sleep scale in the tramadol group was significantly higher than that in
the control group for patients undergoing gynecological surgery and hepatobiliary or gastrointestinal surgery at all three
time points (Figure 3A-2 and B-2). In addition, a logistic analysis considering the potential confounding factors was
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performed, and the model was statistically significant (P<0.001). As shown in Table 3, intravenous analgesia using
tramadol (OR=3.62; 95% CI, 1.88–6.98; P<0.001) was identified as a protective factor, whereas preoperative depression
status (OR=0.26; 95% CI, 0.12–0.56; P=0.001) and patients with malignant tumors (OR=0.31; 95% CI, 0.14–0.71;
P=0.005) were identified as hazardous factors.

As listed in Table 4, no significant difference was found in pain NRS, PCIA pressing frequency or consumption, time
to off-bed activity, or hospital stay between the tramadol and control groups (P>0.05). The incidence rate of satisfaction
after surgery in the tramadol group was significantly higher than that in the control group (84% vs 72%; OR=1.17; 95%
CI, 1.01–1.36; P=0.041).

Postoperative adverse events during analgesia for patients in the control and tramadol groups are shown in Table 5.
No significant difference was found in the incidence of hypoxemia, bradycardia, tachycardia, hypotension, or hyperten-
sion between the tramadol and control groups. In addition, the incidence rate of PONV after surgery in the tramadol
group was lower than that in the control group (19% vs 33%; OR=0.83; 95% CI, 0.70–0.98; P=0.024).

Discussion
The results of this study showed that the incidence rate of depression in the tramadol group within 3 days after abdominal
endoscopic surgery was lower than that in the control group, and the Baker depression scores at 3 consecutive
postoperative days were significantly lower than those in the control group. In addition, the Richards–Campbell Sleep
Questionnaire scores in the tramadol group 3 days after the operation were also significantly higher than those in the
control group. There was no significant difference in the incidence of anxiety and anxiety scale scores between the two
groups during the days after surgery. In addition, the incidence rate of PONV in the tramadol group was lower than that
in the control group, and the overall postoperative satisfaction was better in the tramadol group than in the control group.

Figure 1 Flowchart of the study.
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Table 1 Baseline Demographic Characteristics and Preoperative and Intraoperative Data Between Patients in the
Control and Tramadol Groups

Control Group (n=100) Tramadol Group (n=100) P

Age (year) 43.1±10.8 42.1±9.9 0.324

Body max index (kg/m2) 22.8±2.5 23.2±2.6 0.510

Patient classification
With malignant tumor 21(21%) 19(19%) 0.825

With benign tumor 31(31%) 35(35%)

Others 48(48%) 46(46%)
Surgery type

Hepatobiliary surgery 29(29%) 31(31%) 0.932
Gynecological surgery 63(63%) 62(62%)

Gastrointestinal surgery 8(8%) 7(7%)

ASA classification
I 1(1%) 2(2%) 0.819

II 91(91%) 91(91%)

III 8(8%) 7(7%)
Surgery duration 1.8(1.0–2.8) 1.5(1.0–2.5) 0.435

Systolic pressure (mmHg) 119.5±17.6 121.4±18.5 0.475

Diastolic pressure (mmHg) 74.2±10.3 75.1±11.4 0.586
Heart rate (bpm) 76.6±11.7 75.2±10.4 0.378

Beck depression scale 2.0(1.0–3.0) 3.0(1.0–5.0) 0.046

Beck depression scale (≥4)
Yes 15(15%) 27(27%) 0.037

No 85(85%) 73(73%)

Self-rating anxiety scale 31.5±4.9 32.7±6.3 0.114
Self-rating anxiety scale (≥40)

Yes 6(6%) 10(10%) 0.297

No 94(94%) 90(90%)
Richards-Campbell sleep

questionnaire

73.5±18.4 72.9±17.2 0.841

Note: Data are presented as mean±standard deviation, median (interquartile range), or number (proportion).
Abbreviation: ASA, American Society of Anesthesiologists.

Table 2 Postoperative Status of Depression, Anxiety, and Sleep Between Patients in the Control and Tramadol Groups

Control Group (n=100) Tramadol Group (n=100) P

Beck depression scale at PO 1d 3.5(2.0–5.0) 2.0(1.0–4.0) <0.001

Beck depression scale at PO 2d 4.0(2.0–5.0) 2.0(0.0–3.0) <0.001

Beck depression scale at PO 3d 2.0(1.0–4.0) 0.0(0.0–3.0) <0.001
Depression state during the 3d-follow-up

Yes 51(51%) 28(28%) 0.001

No 49(49%) 72(72%)
Self-rating anxiety scale at PO 1d 29.1±3.5 28.4±3.4 0.164

Self-rating anxiety scale at PO 2d 28.4±3.7 28.4±4.5 0.983

Self-rating anxiety scale at PO 3d 27.7±4.1 27.5±4.5 0.886
Anxiety state during the 3d-follow-up

Yes 5(5%) 7(7%) 0.552

No 95(95%) 93(90%)
Richards-Campbell sleep questionnaire at PO 1d 64.2±20.1 77.4±15.2 <0.001

Richards-Campbell sleep questionnaire at PO 2d 71.8±18.8 84.1±14.9 <0.001

Richards-Campbell sleep questionnaire at PO 3d 70.3±21.0 87.0±12.2 <0.001

Note: Data are presented as mean±standard deviation, median (interquartile range), or number (proportion).
Abbreviation: PO, postoperative.
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Considering that women have a higher risk of anxiety and depression during the perioperative period,8,9 this study
focused on women undergoing elective surgery. In contrast, because sex differences can affect the occurrence of
emotional disorders,28–30 unifying sex could help us directly explore the role of tramadol in the emotional improvement
of patients undergoing elective surgery. In addition, intravenous analgesia is a commonly used method in clinical
practice; thus, emotional intervention based on this method is easy to perform. The current data showed that there was
no significant difference in postoperative pain intensity between the two groups, which indicated that the analgesic effect
of the tramadol group was not worse than that of the control group. In the study, to preclude the influence of differences
in analgesic effects on the outcomes of depression, anxiety and sleep disorders, we chose a relative high dose of
sufentanil. And as reported in previous studies, the commonly used sufentanil dose was 1.8 to 4μg/kg, and background
infusion rate was 0.03 to 0.06μg/kg/h in PCIA after abdominal endoscopy surgery.31–34 In these studies, the mean NRS of
pain at 24 hours after surgery were all less than 3. Thus in this study we chose to use total dose of 3μg/kg sufentanil with
background infusion rate of 0.06μg/kg/h in PCIA pump in control group. Considering that tramadol alone may not have
sufficient analgesia, we designed the intervention group to use single sufentanil in the control group, while tramadol
combined with sufentanil in the experimental group. The results showed that mean NRS scores in this study were all less
than 3 points and there was no significant difference between the two groups, precluding the influence of differences in
analgesic effects on the outcomes of depression, anxiety, and sleep disorders. Although “less sufentanil” may be
a potential influencing factor, through a literature search, we found that short-term exposure to opioid drugs did not

Figure 2 The area under the curve (AUC) of mean Beck depression scale (A), Self-Rating Anxiety Scale (B), and Richards–Campbell Sleep Questionnaire (C). (1)
represents AUC in the control group, (2) represents AUC in the tramadol group, and (3) represents the comparison between the control and tramadol groups.
Abbreviation: PO, postoperative.
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affect the occurrence of emotional disorder.35 Thus, the current study is feasible to verify the improvement effect of
tramadol on postoperative mood in female surgical patients.

Previously, studies on the application of tramadol for cesarean section have found that it can reduce the occurrence of
postpartum depression.20,21 However, there are many differences, such as pregnancy and primary and concomitant
diseases between women undergoing elective abdominal endoscopic surgery and women undergoing cesarean section. In
this study, the incidence rate of postoperative depression in the control group reached 51%, which was close to those
reported in previous studies.1,36 The incidence rate of postoperative depression after cesarean section is usually between
13.7% and 15.7%.37,38 Therefore, the effects of tramadol on postoperative depression in general elective surgery remain
unclear. In this study, we found that intravenous analgesia tramadol significantly reduced the incidence of postoperative
depression, with an RR value of 0.55. However, since the baseline depression score in the tramadol group before surgery
was higher than that in the control group, we performed logistic analysis considering the potential confounding factors.
Intravenous analgesia use tramadol was determined as a protective factor, whereas patients with preoperative depression
and malignant tumors were identified as risk factors. In addition, we also performed subgroup analysis, and the results
also showed that the incidence of depression and postoperative depression scores at different time points in the tramadol

Figure 3 Subgroup analysis of comparisons of patients undergoing gynecological surgery (A) and hepatobiliary or gastrointestinal surgery (B) in the incidence of depression
(1) and Richards–Campbell sleep scale (2) between the tramadol and control groups. *P<0.05, **P<0.01, ***P<0.001.
Abbreviation: PO, postoperative.

Table 3 Stepwise Logistic Regression Model Based on Patients’ Characteristics for Predicting Postoperative Depression

Factors Wald x2 P value Odds Ratio (95% CI)

Patient classification (Ref. other surgery) 8.01 0.018
With malignant tumor 7.81 0.005 0.31(0.14–0.71)

With benign tumor 0.38 0.538 0.80(0.39–1.62)

Preoperative depression state 11.49 0.001 0.26(0.12–0.56)
PCIA using tramadol 14.79 <0.001 3.62(1.88–6.98)

Abbreviations: CI, confidence interval; Ref., reference; PCIA, patient-controlled intravenous analgesia.
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group were significantly lower than those in the control group for patients undergoing gynecological surgery and
hepatobiliary or gastrointestinal surgery. The improvement effect of tramadol was slightly better for patients undergoing
hepatobiliary or gastrointestinal surgery (RR=0.45) than for patients undergoing gynecological surgery (RR=0.67).
Therefore, based on this study, we concluded that tramadol can significantly improve the depression of women,
especially in those undergoing gastrointestinal or hepatobiliary surgery.

In this study, there was no significant difference in the incidence of postoperative anxiety and anxiety scores between
the tramadol and control groups. The current results showed that the overall incidence rate of postoperative anxiety was
6%, which is lower than those reported in clinical studies of female surgical patients.36,39 We believe that two reasons
may account for this result. First, the nursing department of our hospital routinely educates patients receiving elective
surgery to improve their anxiety before and after surgery, which may counteract the effect of tramadol on improving

Table 4 Postoperative Outcomes Related to Pain Between Patients in the Control and Tramadol Groups

Control Group (n=100) Tramadol Group (n=100) P

Pain NRS at PO 1d 1.0(1.0–3.0) 1.0(1.0–3.0) 0.315
Pain NRS at PO 2d 1.0(1.0–2.0) 1.0(1.0–2.8) 0.956

Pain NRS at PO 3d 1.0(1.0–2.0) 1.0(0.0–2.0) 0.221

Pressing frequency during PO 1d 1.0(1.0–2.0) 1.0(0.0–2.8) 0.544
Pressing frequency during PO 2d 0.0(0.0–2.0) 0.0(0.0–2.0) 0.838

PCIA consumption (mL) 96.1±2.7 96.1±2.8 0.980

Time to off-bed activity (hour) 24.6(20.1–29.7) 24.6(20.1–29.7) 0.942
Hospital stay (day) 10.0(6.0–13.0) 8.0(5.0–15.0) 0.618

Level of satisfaction
Unsatisfaction 0(0%) 0(0%) 0.041

Average 28(28%) 16(16%)

Satisfaction 72(72%) 84(84%)

Note: Data are presented as mean±standard deviation, median (interquartile range), or number (proportion).
Abbreviations: NRS, numeric rating scale; PO, postoperative; PCIA, patient-controlled intravenous analgesia.

Table 5 Postoperative Adverse Events During the Analgesia Induction Between Patients in the
Control and Tramadol Groups

Control Group (n=100) Tramadol Group (n=100) P

Hypoxaemia

Yes 2(2%) 3(3%) 0.651
No 98(67%) 97(81%)

Bradycardia

Yes 21(21%) 17(17%) 0.471
No 79(79%) 83(83%)

Tachycardia

Yes 42(42%) 32(32%) 0.143
No 58(58%) 68(68%)

Hypotension

Yes 51(51%) 41(41%) 0.118
No 49(49%) 59(59%)

Hypertension

Yes 5(5%) 4(4%) 0.733
No 95(95%) 96(96%)

Postoperative nausea and vomiting

Yes 33(33%) 19(19%) 0.024
No 67(67%) 81(81%)

Note: Data are presented as mean±standard deviation, median (interquartile range), or number (proportion).
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anxiety. Second, the average age of the two groups in this study was not more than 45 years old, and previous studies
have demonstrated that the high prevalence of anxiety disorder is often concentrated in middle-aged and elderly
people.29,30 Thus, based on this study, the effect of tramadol on postoperative anxiety remains unclear and requires
further study.

Postoperative sleep has become the focus of perioperative medicine in recent years.40 Even if it is included in
perioperative education,41 women are at a high risk for sleep disorders.42,43 One study found that patients with
fibromyalgia who used tramadol for analgesia had a lower incidence of sleep disorders compared to other
analgesics.44 Recent animal studies have also found that tramadol dose-dependently reduces sleep time during rapid
eye movement sleep and increases the attack latency of rapid eye movement sleep.45 In this study, we found that
compared with the control group, tramadol can directly improve the sleep score of patients on the first to third day after
surgery. One study has indicated that opioids can affect the quality of sleep, and both acute (for sedation or postoperative
analgesia) or chronic (long-term for chronic pain) can disrupt sleep patterns.46 On the contrary, some studies have shown
that opioids can significantly improve the sleep structure of healthy people and increase N2 sleep.47,48 Therefore, it
remains unclear whether the “less opioid application” was the reason for the improved sleep in this study. In addition to
the pain induced by the operation, postoperative sleep disorders, anxiety, and depression will also increase the incidence
of sleep disorders. The improvement in the depression state of tramadol observed in this study may also be one of the
reasons for its improvement in sleep. Nevertheless, based on this study, we concluded that intravenous analgesia
combined with tramadol can significantly improve postoperative sleep, which should be beneficial to the patients’
postoperative recovery.

One previous study found that perioperative use of 5-HT-AR reuptake inhibitors may slightly reduce acute and chronic
postoperative pain and opioid consumption, and it does not increase the occurrence of adverse events, including PONV.49 In
this study, compared with the control group, the incidence of PONVwas lower when tramadol combined with analgesia was
used. This may be related to less exposure to opioids, because opioids have been clearly associated with PONV.49 Except for
adverse events, this study also performed a satisfaction evaluation, and the results showed that it was significantly better in
the tramadol group than in the control group. The occurrence of adverse reactions, such as postoperative emotional state,
pain, sleep, and PONV, is an important factor affecting postoperative satisfaction. In this study, we found that tramadol can
significantly improve depression and sleep quality and reduce the incidence of PONV. Therefore, intravenous analgesia
using tramadol may be an effective method to improve postoperative patient satisfaction.

The following limitations must be considered when interpreting the study data. First, because preoperative anxiety
intervention has become the routine nursing content in our hospital, it remains to be studied whether intravenous analgesia
using tramadol affects postoperative anxiety. Second, in this study, no objective devices, such as PSG, were used to test
patients’ sleep parameters after surgery, and the specific sleep pattern induced by tramadol remains unclear. Thirdly, in
experimental group we designed tramadol combined with sufentanil considering that tramadol alone may not have
sufficient analgesia. Thus the “less sufentanil” effect could not be completely excluded, and future study remains needed.

Conclusion
In conclusion, intravenous analgesia using tramadol can effectively improve the postoperative depression and sleep status
of women undergoing abdominal endoscopic surgery. Tramadol is recommended for use in postoperative analgesia when
improving postoperative mood, and sleep is needed in clinical practice.
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