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AbstrACt
Introduction Postpartum depression is one of the most 
commonly experienced psychological disorders for women 
patients undergoing caesarean section, which accounts 
for about one-third of puerpera worldwide. Tramadol, a 
commonly used analgesic with an inhibitory effect on the 
reuptake of norepinephrine and serotonin, is an effective 
and well-tolerated agent for analgesia after caesarean 
section. Based on the role of changes in the postpartum 
levels of serotonin and norepinephrine in postpartum 
depression, we speculated that postoperative intravenous 
analgesia using tramadol may decrease the incidence of 
postpartum depression for caesarean patients. Therefore, 
this trial aimed to explore the effect of tramadol in the 
prevention of postpartum depression.
Methods and analysis A randomised double-blind 
placebo-controlled trial will be performed and 1230 
singleton parturients will be randomised to receive 
patient-controlled intravenous analgesia with tramadol or 
hydromorphone, or patient-controlled epidural analgesia 
with ropivacaine. The primary outcome of this trial will 
be the incidence of postpartum depression at 4 weeks 
after the caesarean section, together with the collection of 
the relevant data during hospitalisation and at 3 months 
after the caesarean section. Subgroup data according 
to the preoperative depression score will be analysed. 
Demographic characteristics, postoperative analgesic 
effects and postoperative recovery score will also be 
summarised and presented.
Ethics and dissemination The current trial protocol 
was approved by the Institutional Ethics Committee of 
Xinqiao Hospital (ID: 2017–026), Third Military Medical 
University, Chongqing, China. The results of this trial will be 
disseminated at scientific meetings and in a peer-reviewed 
journal.
trial registration number NCT03309163; Pre-results.

IntroduCtIon 
Postpartum depression is one of the most 
commonly experienced psychological 
illnesses for puerperas ‘within peripartum 
onset if onset of mood symptoms occurs 
during pregnancy or within 4 weeks following 
delivery’ (American Psychiatric Association’s 

Diagnostic and Statistical Manual of Mental 
Disorders, Fifth Edition, DSM-5) or ‘within 6 
weeks following delivery’ (International Clas-
sification of Diseases, 10th Revision).1 2 The 
estimated prevalence of postpartum depres-
sion in higher income countries is about 
10% and even higher in lower income and 
middle income countries2 3; it has been 
reported that in China it reaches 13.7%–
15.7%.4 5 Symptoms of postpartum depres-
sion often include sleep disturbance, anxiety, 
irritability and a feeling of being neglected, as 
well as an obsessional preoccupation with the 
baby’s health and feeding. Suicidal ideation 
and causing harm to the baby have also been 

strengths and limitations of this study

 ► The current trial is the first to explore the possible 
effect of patient-controlled intravenous analgesia 
(PCIA) using tramadol for prevention of postpartum 
depression for patients who have received elective 
caesarean section.

 ► A total of 1230 patients who are scheduled to re-
ceive elective caesarean section will be included 
in the current trial, and the incidence of postpar-
tum depression will be evaluated at 4 weeks and 3 
months after the surgery.

 ► Stratified block randomisation will be performed ac-
cording to the preoperative psychological test, and 
subgroup analysis will be performed in the final data 
analysis.

 ► Two commonly used analgesic strategies including 
PCIA using hydromorphone and patient-controlled 
epidural analgesia (PCEA) using ropivacaine will be 
used as control groups.

 ► Because of the obvious difference between PCIA and 
PCEA treatments, complete masking of the partic-
ipant or the investigator during the hospitalisation 
follow-up is not feasible. However, investigators 
who are responsible for postoperative long-term 
follow-up after discharge and the data analyser are 
unaware of the group allocation.
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reported.6 7 Some studies have even found that these 
symptoms may continue for up to 2 years postpartum 
without prevention or treatment, and approximately 
40% of affected women will have a relapse during their 
subsequent pregnancies.8 However, at present, studies 
regarding the prevention of postpartum depression for 
women patients undergoing caesarean section remain 
lacking.9 

Caesarean section is one of the most commonly used 
strategies for maternal delivery all over the world. A 
WHO survey has shown that the global caesarean section 
rate was 27.3% in 2008.10 The latest data show that the 
caesarean section rate in China reached 34.9% in 2014,11 
and in the USA it reached 32.2% in 2014.12 These data 
indicate that there are tens of millions of maternal 
deliveries by caesarean section every year in the world. 
However, previous studies have demonstrated that the 
risk of postpartum depression after caesarean section is 
significantly higher than that of vaginal delivery.13–15 This 
might be associated with the long-standing belief that a 
‘normal birth’ is a ‘vaginal birth’,16 17 and another possible 
reason is that caesarean birth is often more painful and 
stressful.18 Therefore, postpartum depression for women 
undergoing caesarean section may need more attention 
and treatment.

Although the specific mechanism of postpartum depres-
sion is still unclear, the current data provide evidence that 
the underlying mechanism is likely to be associated with 
changes in related hormones, which is due to the rapid 
decline during postpartum reproductive period.19–22 At 
present, the treatment of postpartum depression mainly 
includes psychological and supportive therapy that is 
suitable for early intervention, and the effect of this treat-
ment needs to be improved.1 23 Beyond these behavioural 
interventions, commonly used drugs for postpartum 
depression are mainly selective serotonin reuptake inhib-
itors (SSRI) and serotonin/norepinephrine reuptake 
inhibitors (SNRIs) but there is still limited knowledge 
of therapeutic effects and drug safety during breast 
feeding.24 25 Based on the above information, the present 
drug treatment strategy of postpartum depression is often 
confined to an intervention after the onset of symptoms, 
but at present relatively less potential strategy has been 
explored or reported to prevent postpartum depression.

In addition to increased risk of postpartum depres-
sion, another issue experienced by patients undergoing 
caesarean section is postoperative pain induced by the 
surgery.26 27 Moreover, postoperative pain is the one of 
identified risk factors for depression.28 Patient-controlled 
intravenous analgesia (PCIA) with different analgesics 
is one of the most commonly used methods to treat 
postoperative pain by the clinical route.29–31 Among the 
commonly used analgesics, tramadol is an effective and 
well-tolerated agent for analgesia after caesarean section 
and it has been demonstrated as having the advantages 
of fewer adverse effects than powerful opioids.32 Previous 
studies demonstrated that tramadol administration via 
PCIA or intermittent intravenous infusion provides 

effective postoperative analgesia for patients who received 
a caesarean section.33–36 Furthermore, a recent study 
found that for primiparas following caesarean section, 
PCIA with tramadol might be an optimised strategy due 
to less pain at mobilisation, higher quality of recovery 
(Qor) and earlier lactation than sufentanil.37

Tramadol, a non-opioid central analgesic, has an inhib-
itory effect on the reuptake of norepinephrine and sero-
tonin, indicating that it has the potential to reduce the risk 
of suffering from depression for puerperas. Furthermore, 
previous studies have demonstrated that in patients with 
postpartum depression the significant change of sero-
tonin and norepinephrine levels presented at postpartum 
48 hours, which matched well with the time period for 
postoperative analgesia.38 39 Thus, previous evidence 
could support the idea that postoperative 48 hours PCIA 
with tramadol has the potential to effect remission from 
postpartum anxiety and depression. In addition, as we 
know sertraline (SSRIs) is often recommended as first-
line therapy in new-onset postpartum depression.40 And 
SNRIs are commonly used either when SSRIs are inef-
fective or when a woman has previously had a positive 
response to these agents.1 Thus, these traditional drug 
therapies are only recommended when symptoms are 
severe and require rapid treatment or when symptoms of 
postpartum depression do not resolve with psychological 
treatment alone.41 Different from these drug therapies, 
tramadol can serve as analgesic to treat postoperative 
pain after the caesarean section, and meanwhile it has an 
inhibitory effect both on the reuptake of norepinephrine 
and serotonin. Thus, compared with traditional antide-
pressant drug, postoperative analgesia using tramadol 
may be the one of the ideal strategies for caesarean 
patients in the presence of analgesic and antidepressant 
demand. Also, tramadol may beneficial for women who 
undergo vaginal delivery, which can be further explored 
in the future.

Furthermore, in our previous study (under submission), 
which was designed to compare the analgesia effects of 
PCIA using tramadol and hydromorphone for caesarean 
section during the 48 hours after the surgery. In tramadol 
group, tramadol 4 mg/kg and flurbiprofen 4 mg/kg 
mixed with 0.9% saline to a volume of 150 mL were 
placed in a PCIA pump, while hydromorphone 0.04 mg/
kg and flurbiprofen 4 mg/kg were placed in patients of 
group H. The PCIA pump (150 mL) was programmed 
to have a background infusion at 2.0 mL/hours, a PCIA 
dose of 1 mL and a lockout period of 15 min. We unex-
pectedly found that tramadol can significantly decrease 
the anxiety and depression scores of Hospital Anxiety 
and Depression Scale (HADS) at 1 week after the surgery. 
These results also indicated that tramadol may have the 
potential to decrease the risk of postpartum depression.

Based on the above information, we hypothesise that 
PCIA with tramadol may be an optional analgesic strategy 
for the prevention and treatment of postpartum depres-
sion for patients undergoing caesarean section. There-
fore, the current study aimed to apply a randomised 
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controlled double-blind trial to include women patients 
who were undergoing caesarean section. Using psycho-
logical evaluation, the study also aimed to explore the 
possible effect of PCIA with tramadol for the prevention 
or treatment of postpartum depression in caesarean 
section, compared with PCIA with hydromorphone and 
patient-controlled epidural analgesia (PCEA).

MEthods And AnAlysIs
trial design
The study is designed as a prospective randomised 
controlled study and will be carried out according to the 
Consolidated Standards of Reporting Trials recommen-
dations.42 The overview of the study protocol is shown 
in figure 1, and the study setting is Xinqiao Hospital, 
Third Military Medical University, Chongqing, China. 
The recruitment phase of this study will last for about 18 
months, beginning October 2017. Patients will be first 
screened in the obstetric ward and recruited according 
to the inclusion and exclusion criteria when admitted to 
hospital before the surgery. Before surgery, patient demo-
graphic characteristics will be recorded and the study 

procedure will be explained to all patients. The Edin-
burgh Postnatal Depression Scale (EPDS) and Gener-
alised Anxiety Disorder 7-item (GAD-7) will be evaluated 
by investigator PZ. Then patients will be allocated to 
different groups according to the different postopera-
tive analgesic strategies investigated, either PCIA using 
tramadol, PCIA using hydromorphone or PCEA using 
ropivacaine. The allocation will be determined by strati-
fied block randomisation (performed by GD).

Electrocardiography, mean arterial pressure and pulse 
oxygen saturation will be monitored after patients enter 
the operating room. Standardised combined spinal-epi-
dural anaesthesia (CSEA) will be performed by an expe-
rienced anaesthetist. Lumbar anaesthesia combined 
needle will be administered in the L3–L4 interspace, 
with an initial spinal dose of 1% ropivacaine 3 mL. Then, 
epidural catheters will be placed into the epidural space 
to ensure that a sensory block up to T6 level with addi-
tional epidural infusion if needed. Surgery for included 
patients will be conducted by an experienced surgical 
team using standardised techniques. After the surgery, 
patients will be monitored for 6 hours in the postanaes-
thesia care unit before returning to the obstetric ward. 
The PCIA or PCEA treatment will be started immediately 
after surgery using an electronically controlled infusion 
pump.

Postoperative follow-up during the hospitalisation 
period was performed by JP and a long-term structured 
interview will be performed via telephone by ZW. We 
will get access to the ‘WeChat’ (the most commonly used 
social networking software in China) account of all the 
included women, and send the self-report questionnaires 
(EPDS and GAD-7) as well as text messages to schedule 
the appointments of telephone interviews by WeChat. 
Efforts will be made to reach all the included patients 
at 4 weeks and 3 months post partum. If a patient is not 
contacted for 1 week, she will be considered as lost to 
follow-up and no further contact will be attempted. The 
telephone interviewer has been trained to make an inter-
view according to the established contents and order: 
(1) During the past month, have you often been both-
ered by feeling down, depressed or hopeless? And have 
you often been bothered by little interest or pleasure in 
doing things? (2) Please complete the self-report EPDS 
and GAD-7 questionnaires as you did during the hospital-
isation before caesarean section. (3) Patient’s pain status 
and any complications of the mothers and their infants 
after the surgery.

Patients deemed to be at risk of depression (screen 
positive according to EPDS) will be invited to undergo 
a diagnostic clinical assessment by telephone using the 
Structured Clinical Interview for DSM-5 (SCID-5) by a 
professional psychologist (QZ), who is unaware of the 
group allocation. Women who met DSM-5 criteria for 
major depressive disorder will be recorded as a positive 
case. Appropriate options for the treatment of postpartum 
depression will be decided by QZ and vary according to 
the severity of the patient’s symptoms and her functional 

Figure 1 Study flow diagram. EPDS, Edinburgh Postnatal 
Depression Scale; GAD-7, Generalised Anxiety Disorder 
7-item; PCIA, patient-controlled intravenous analgesia; 
PCEA, patient-controlled epidural analgesia; Qor-15, quality 
of recovery 15 items; VAS, Visual Analogue Scale.
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status, including her ability to care for, and relate to, the 
newborn.43 Finally, the data will be collected and imputed 
through Epidata software V.3.1 (Odense, Denmark) and 
the data analysis will be performed by a statistician from 
Department of Health Statistics of Third Military Medical 
University, who is also unaware of the details of the trial.

Patients
Chinese patients, aged 20–40 years, who are scheduled to 
receive elective caesarean section will be recruited into 
the current study. Inclusion and exclusion criteria are 
listed below.

Inclusion criteria
 ► Aged 20–40 years.
 ► American Society of Anesthesiologists class I-II.
 ► Singleton full-term pregnancy.
 ► Voluntarily to receive caesarean section and postoper-

ative controlled analgesia.
 ► Consented to participate in the study.

Exclusion criteria
 ► History of diagnosed mental disorders, psychiatric 

medication or psychotropic substance use at any time 
before.

 ► History of neurological diseases such as epilepsy.
 ► History of previously diagnosed depression.
 ► With suicidal ideation or history of suicide.
 ► History of drug, alcohol or opioid abuse.
 ► Monoamine oxidase inhibitor treatment at present or 

in the past 14 days.
 ► Participating in other clinical studies.
 ► With severe heart disease, brain disease, liver disease 

and kidney disease.
 ► With allergies to tramadol or opioids.
 ► With any contraindication for CSEA.
 ► Incapable of communication or cooperation.
Patients, who fail to follow the protocol of the study, 

have a lack of information regarding the main outcomes, 
or present serious complications during the process of 
caesarean section or hospitalisation will be excluded in 
the final analysis. The reasons for excluded cases will be 
explained in the case report form (CRF). In addition, the 
patients in the trial may choose to withdraw at any time 
during the study. Patients may refuse to continue the study 
and will be considered as having withdrawn, they may also 
be withdrawn at the discretion of the investigators for 
any safety reason. The reasons for the withdrawal will be 
explained in the CRF and the information will be main-
tained as accurately as possible. If the patient chooses to 
withdraw or refuses to consent to continuation, the data 
collected to the point of withdrawal of consent will be 
used as part of the intention-to-treat analysis.

randomisation
Participants will be randomly allocated in a 1:1:1 ratio 
to receive PCIA using tramadol (group T), PCIA using 
hydromorphone (group H) or PCEA using ropivacaine 
(group R). Randomisation will be executed for each 

participant, by stratified block randomisation after the 
informed consent procedure is completed. The randomi-
sation will be facilitated using SPSS V.17.0. As reported 
before, the strongest predictors of postpartum depres-
sion are history of depression during current preg-
nancy.6 44 Because screening for antenatal depression is 
not routinely performed in China and in many situations 
the pregnant women would not seek medical help even 
if they actually be accompanied by depressive symptom 
during pregnancy, at the time point of study recruitment 
it will be impossible to make an accurate judgement 
regarding patients’ depressive state. However, to take the 
result of preoperative psychological test regarding depres-
sion as a stratified factor might be helpful to reduce the 
interference from antenatal depression status. Thus, in 
the exclusion criterion, we chose to exclude the women 
with known history of diagnosed mental disorders. And 
in the randomisation procedure whether or not with 
self-harm ideation or EPDS ≥10 (a recommended cut-off 
score for screening depressive illness in Chinese general 
postnatal population45) in the preoperative psychological 
test was taken as stratified factor.

blinding
In this study, because of the obvious difference between 
PCEA and PCIA treatments, total masking of the partici-
pant or the clinician during the surgery and hospitalisa-
tion is not feasible. However, the patients and investigator 
JP who perform postoperative follow-up will be blinded 
to the conditions of PCIA with tramadol or hydromor-
phone. Furthermore, investigator ZW who perform the 
long-term follow-up including psychiatric evaluations will 
be unaware of group allocations throughout the study. 
Additionally, when analysing the outcome data from the 
study, the study statistician will also be unaware of the 
groups until the end of the analysis.

Intervention allocations
Patient-controlled analgesic treatment will be applied 
using a controlled infusion pump. For patients in group 
T, tramadol (Gran tai, Germany, 4 mg/mL) mixed with 
0.9% saline to a volume dose of 250 mL will be given 
through PCIA pump, in group H, patients will receive 
hydromorphone (Renfu, China, 0.04 mg/mL) mixed with 
0.9% saline to a volume dose of 250 mL, while in group 
R, patients will receive ropivacaine (Astrazeneca, Sweden, 
1.5 mg/mL) mixed with 0.9% saline to a volume dose of 
250 mL. The PCIA pump (250 mL) will be programmed 
to use background infusion at 4.0 mL/hours, PCA dose 
of 1 mL, lockout period of 15 min. The PCEA pump 
(250 mL) will be programmed to use background infu-
sion at 4.0 mL/hours, PCA dose of 4 mL, lockout period 
of 15 min. When inadequate treatment (rest pain visual 
analogue scale [VAS] > 40) is present during the postop-
erative analgesia, patients will be given a time-parameter 
setting adjustment for the PCIA pump. To prevent intra-
operative or postoperative nausea and vomiting (PONV), 
metoclopramide 10 mg and dexamethasone 10 mg will be 
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given before the surgery for all patients. Although several 
previous studies have found that dexamethasone might 
be associated with depressive symptom,46 47 at present 
its possible effect on postpartum depression remains 
unclear. Furthermore, in the study dexamethasone was 
given as single loading dose for prevention of PONV, and 
all patients in three groups will receive this same treat-
ment. Thus, we speculate that possible mood effects of 
dexamethasone will not affect the research objective of 
the current study.

baseline data
Both baseline data and study outcomes are displayed in 
a timed sequence in table 1. Study participants will be 

interviewed by the investigator after they are recruited 
according to the inclusion and exclusion criteria. Preop-
erative data including demographics such as age, educa-
tion level, household income, gestational weeks, smoking 
and alcohol status, contact information, known preopera-
tive complications and medications, EPDS and GAD-7 will 
be collected. In addition intraoperative data including 
surgery time, weight and height of the baby, Apgar scores 
of the baby, blood loss, intraoperative complications and 
medications will be recorded.

The EPDS is a 10-item self-report depression question-
naire validated for use in both the perinatal and postnatal 
period48 49 and its Chinese version has been validated 

Table 1 Participant timeline in the study

Measurements

Visit 1 Visit 2 Visit 3 Visit 4 Visit 5

−1 week 0 week Hospitalisation 4 weeks 3 months

Consent √

Screening √

Randomisation √

Demographics √

Gestational weeks √

Smoking status √

Alcohol status √

Preoperative complications √

Preoperative medications √

EPDS evaluation √ √ √

GAD-7 evaluation √ √ √

Blood collected √ √

Surgery time √

Weight and height of the baby √

Apgar scores √

Blood loss √

Intraoperative complications √

Intraoperative medications √

Pain VAS evaluation √

Time to feel pain √

Early walking time √

Lactation onset time √

Postoperative complications √

Postoperative medications √

QoR-15 assessment √

Hospital stays √

Hospitalisation costs √

Psychiatric evaluations √ √

Pain status √ √

Postdischarge complications √ √

Postdischarge medications √ √

EPDS, Edinburgh Postnatal Depression Scale; GAD-7, Generalised Anxiety Disorder 7-item; QoR-15, quality of recovery 15 items; VAS, Visual 
Analogue Scale.
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as having satisfactory psychometric properties; a cut-off 
score of 10 is recommended for screening depressive 
illness in a general postnatal population.45 The GAD-7 
has been used as a valuable screening tool for GAD in 
Chinese general hospital patients, and a score of >9 is 
considered indicative of the likely presence of GAD.50 51 
In the study, evaluation of EPDS and GAD-7 was trained 
and will be supervised by experienced psychiatric clini-
cians qualified with a master’s degree.

outCoMEs
Primary outcomes
In the study, incidence of postpartum depression at 
4 weeks after the caesarean section is considered the 
primary outcome. All women will receive a web-based 
self-report EPDS form at 4 weeks after the surgery. Women 
who are screen positive (identified as EPDS ≥10 or a posi-
tive response to question 10, which is regarding self-harm) 
will be invited to receive psychiatric evaluations according 
to the SCID-5. When major depression is diagnosed, the 
patient will be analysed as a case positive for postpartum 
depression.

secondary outcomes
In the study, secondary outcomes include incidence of 
postpartum depression at 3 months after the caesarean 
delivery, EPDS and GAD-7 scores at 4 weeks and 3 months 
after the caesarean delivery, postoperative Qor-15 items 
(Qor-15) score at 48 hours after the surgery and pain 
Visual Analogue Scale (0=no pain, 100=unbearable pain) 
for postoperative pain assessment at 6, 12, 24 and 48 hours 
after the surgery. The QoR-15 provides a valid, extensive 
and yet effective evaluation of postoperative Qor,52 and 
its Chinese version has been demonstrated to reveal satis-
factory psychometric properties.53 In addition, a 3–5 mL 
peripheral venous blood sample for detection of norepi-
nephrine and serotonin levels will be collected before the 
surgery and 48 hours after the analgesia treatment.

other outcomes
The Ramsay sedation score will be recorded during the 
postoperative 48 hours follow-up. Early walking time 

(determined by the time point when patients could ambu-
late independently), lactation onset time will be recorded 
according to the patient’s self-reported time points after 
the surgery. Self-reported sleep quality (rated as good or 
poor) on the day of surgery and 1 day after the surgery will 
also be evaluated. Postoperative adverse events including 
nausea and vomiting and pruritus will be noted. Addition-
ally, the patients’ length of hospital stay after the surgery 
and hospitalisation costs will be recorded. The patient’s 
pain status and any complications of the mothers and 
their infants within 3 months after the surgery will be eval-
uated by structured telephone interview.

Follow-up and data collection
Study participants will complete a detailed survey before 
the caesarean section and also intraoperative and postop-
erative data will be recorded. All data will be collected as 
defined by the primary, secondary and other outcomes. 
Long-term data collection will be performed with 
follow-up phone calls at 4 weeks (±3 days) and 3 months 
(±7 days) postdelivery. All data of the trial will be stored 
and only study investigators will have access to the final 
trial dataset.

sample size calculation
The main outcome of the current trial is the incidence 
of postpartum depression at 4 weeks after the caesarean 
section. According to previous studies, the incidence 
of postpartum depression after the surgery in the 
Chinese population ranged from 7.3% to 26.3%,54 and 
by combined calculation we speculate it is about 15% 
(table 2). Based on our previous pilot study results that 
postoperative HADS depression scores at 1 week after the 
surgery in tramadol group was lower than half that of 
hydromorphone group (GD, XB, GY, JP, ZW, PZ, ZZ, HL. 
The effect of tramadol on postoperative pain, anxiety and 
depression for patients undergoing secondary caesarean 
delivery: A randomised controlled trial), we hypothesised 
that PCIA with tramadol can reduce the 50% risk of post-
partum depression compared with other analgesic strate-
gies. Therefore, assuming an incidence of 7.5% in PCIA 
with tramadol and a 15% in both control interventions, 

Table 2 A literature review of the incidence of postpartum depression in women undergoing caesarean section in the Chinese 
population

Diagnostic criteria Observed time point Positive cases Included cases Incidence, %

Wang et al54 EPDS ≥13 PO 6 weeks 52 710 7.3

Liu et al56 EPDS ≥13 PO 6 weeks 44 198 22.2

Xie et al57 EPDS ≥13 PO 2 weeks 90 415 21.7

He and GP58 EPDS ≥13 PO 6 weeks 84 320 26.3

Zhang et al59 SDS ≥63 PO 1 week 22 300 7.3

Tam et al60 GHQ ≥5 PO 6 weeks 35 255 13.7

Sum NA NA 327 2198 14.9

EPDS, Edinburgh Postnatal Depression Scale; GHQ, General Health Questionnaire; NA, not applicable; PO, postoperative ; SDS, Self-Rating 
Depression Scale.
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based on a significance level of 0.05, power of 0.9 and 
considering about 10% loss of follow-up, the required 
minimum sample size is 410 for each group.

statistical analysis
To ensure high quality study conduct, data entry will 
be carried out using Epidata V.3.1; then data cleaning, 
coding and analysis will be performed using SPSS V.17.0 
statistical software. Standard descriptive statistics, such as 
the mean (SD), number (frequency) and median (IQR), 
will be used to summarise the variables. Two-tailed p<0.05 
is considered statistically significant. Outcome data will 
be analysed in the intention-to-treat population, and we 
will also perform per-protocol analysis for the primary 
endpoint. The primary outcome analysis of the study is 
to compare the incidence of postpartum depression at 
4 weeks after the surgery in group T with group H and 
group R, respectively. A subgroup comparison according 
to whether or not the preoperative EPDS ≥10 will be 
performed. Categorical data including the incidence 
of postpartum depression will be analysed using χ2 test, 
continuity correction the χ2 test or Fisher’s exact test. 
Comparison between group T and group H, and compar-
ison between group T and group R will be performed 
according to Bonferroni correction p value of 0.05/2. 
The rate difference with 95% CI between different groups 
will be calculated. Normally distributed continuous data 
between different groups will be compared using analysis 
of variance (ANOVA) analysis with post hoc least signifi-
cant difference test. Data of abnormal distribution will be 
compared using the Kruskal-Wallis test. Two-way repeated 
ANOVA analysis will be applied to analyse the repeated 
measures at different time points among different groups.

Patient and public involvement
No patient or public was involved in study design or 
conduct of the current study. All participants will be 
informed about the study results in an international 
peer-reviewed scientific journal on the completion of the 
study.

Ethics and dissemination
.In the study, all participants will be recruited in the ante-
natal period prior to caesarean delivery and informed 
consent (online supplementary file 1) will be obtained 
from all patients prior to the study enrolment.

According to the study inclusion and exclusion criteria, 
study investigator will daily review the parturients who are 
admitted to the obstetric ward and identify the potentially 
eligible women patients. Then the investigator will inform 
the potential women patients about the background and 
aims of the current trial. And informed consent will be 
given for individuals who are interested in enrolling in 
the study. Study investigator will ensure that parturients 
understand all items outlined in the consent form prior 
to signing written consent and voluntary participation. 
In particular, all women patients will be informed that 
one of three potential analgesic strategy will be randomly 

applied. And patients will receive information to minimise 
their anxiety related to the different analgesic strategy. 
Adverse events will be tracked and treated promptly, and 
reporting will occur following institutional guidelines.

dissemination
The current trial data will be analysed and disseminated 
at scientific meetings, and in international peer-reviewed 
scientific journals. Safety and adverse event data will be 
reported to the supervisory authority where appropriate.

Monitoring
The progress of the study and overall conduct of the clin-
ical trial will be monitored by data monitoring committee 
(DMC). The DMC consists of an independent chair, clin-
ical representative, patient representative and statistician. 
They will meet at regular intervals throughout the study 
period as determined by the chair, but as a minimum at 
least once every 12 months.

dIsCussIon
The study aimed to explore the potential effect of intra-
venous tramadol on postpartum depression for patients 
who are receiving caesarean section. Because antenatal 
depression is the strongest identified predictors of post-
partum depression,6 44 it will be necessary to take this 
into account as a stratified factor when randomisation is 
performed. However, screening for antenatal and post-
partum depression is not routinely performed in China. 
Therefore, in this trial EPDS will be preoperatively evalu-
ated when the patients are recruited, and whether or not 
EPDS ≥10 in the preoperative psychological test will be 
taken as a stratified factor. By doing this, we can exclude 
any interference from antenatal depression status and 
furthermore this will make it possible to perform a 
subgroup analysis to test the possible effect of tramadol 
in caesarean patients with different antenatal psycholog-
ical status.

In the current study, all preoperative and intraoperative 
procedures are performed according to the judgements 
of anaesthesiologists and obstetricians based on conven-
tional clinical guidelines. During the postoperative 
period, PCIA with tramadol, PCIA with hydromorphone 
or PCEA with ropivacaine will be randomly given for the 
postoperative analgesia. Regarding the control group allo-
cations for PCIA tramadol, the current trial includes two 
types of analgesic methods (PCIA with hydromorphone 
and PCEA with ropivacaine), all of which are commonly 
used analgesic strategies after a caesarean section. In this 
trial, PCIA with hydromorphone will be taken as a control 
that issuing the same mode of administration but with 
different analgesic. While PCEA with ropivacaine will be 
taken as another control that issuing a different mode 
of administration. Because both of these two groups are 
considered as control methods, the main comparisons 
will be the difference between PCIA with tramadol, and 
PCIA with hydromorphone and PCEA with ropivacaine.
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As reported in the International Statistical Classifica-
tion of Diseases, 10th revision, postpartum depression is 
defined as depression onset within 6 weeks post partum.2 
In contrast, in the DSM-5, the definition includes onset 
of symptoms during pregnancy and for up to 4 weeks 
post partum.2 Therefore, at present the diagnostic defini-
tion of postpartum depression remains a topic of debate, 
various temporal definitions have been proposed.55 In 
the current trial, we explored and focused on the possible 
effect of analgesic treatment on postpartum depression 
during the postoperative 48 hours. However, the possible 
effect duration of postoperative tramadol treatment is 
unknown, and we speculated that positive effect may be 
more likely to present at 4 week after caesarean section 
than that at 6 week. Thus, we chose the postpartum time 
frame to perform the psychological assessment, and the 
incidence of postpartum depression at 4 weeks after the 
caesarean section will be taken as the primary outcome.
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