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Background: Although cesarean delivery is one of the most commonly performed surgical 
procedures, robust data regarding post-cesarean pain is still lacking. Recent studies showed 
an association between pain upon local anesthetic (LA) injection for spinal anesthesia, or the 
use of a “three simple questions”, and acute post-cesarean pain. Nevertheless, these assess-
ments have yet to be validated further, despite their relative ease of use. We aimed to assess 
the association between pain score upon LA injection with acute post-cesarean pain after 24 
hours at rest (primary outcome) and sub-acute post-cesarean pain lasting for 4 weeks or more 
(secondary outcome).
Methods: Women undergoing cesarean delivery under spinal anesthesia were given pre- 
operative questionnaires on pain and psychological vulnerability. We also assessed the pain 
score upon LA injection and mechanical temporal summation. Univariate and multivariable 
logistic regressions were performed.
Results: The incidence of moderate-to-severe acute post-cesarean pain at 24 hours was 
21.0% (95% CI=16.6–27.6%) (48 of 217 patients). Pain score upon LA injection was not 
significantly associated with acute post-cesarean pain after 24 hours at rest (unadjusted 
OR=1.10, 95% CI=0.95–1.27, P=0.21). However, pain score upon LA injection was sig-
nificantly associated with sub-acute post-cesarean pain (adjusted OR=1.29, 95% 
CI=1.07–1.55, P=0.0089) with significant covariate of increased pre-operative central sensi-
tization inventory (CSI) scores (adjusted OR=1.05, 95% CI=1.01–1.09, P=0.0111; area under 
the curve (AUC)=0.691).
Conclusion: There was no association between increased pain score upon LA injection and 
acute post-cesarean pain, but it was associated with sub-acute post-cesarean pain. Further 
work is needed to define pain score upon LA injection as a convenient pragmatic measure of 
risk stratifying patients predisposed to sub-acute post-cesarean pain.
Keywords: obstetrics, pain measurement, pain outcome measurement, post-operative pain

Background
Cesarean delivery is one of the most common surgical procedures performed in the 
United States, making up over 32% of all live births – about 1.3 million per year.1 

Among these patients, approximately 20% of women will experience severe, acute pain 
after cesarean delivery.2 Severe acute post-cesarean pain is found to increase the risk of 
developing postnatal depression and persistent pain,3,4 with the latter occurring in 
9.2–18% of women after cesarean delivery.5–7 Given that inter-individual pain experi-
ence is highly variable, it is imperative to optimize and individualize pain management 
strategies during the post-operative period.
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Studies investigating post-cesarean pain have 
investigated a combination of demographic, anesthetic, 
maternal, obstetric factors, among others.8 For instance, 
higher pre-operative anxiety was found to correlate with 
post-cesarean delivery analgesic needs,9 while a high pre- 
operative pain catastrophizing score was associated with 
higher post-cesarean pain scores.10 Local anesthetic (LA) 
injection is part of the standard practice during neuraxial 
anesthesia. Orbach-Zinger et al11 demonstrated that 
increased pain upon LA injection for spinal anesthesia is 
associated with increased acute post-cesarean pain scores. 
Similarly, a more recent study using “three simple ques-
tions” (anxiety about upcoming surgery, anticipated pain 
score, and anticipated pain medication needs) showed that 
patient’s responses were correlated with post-operative 
pain on mobilization in both derivation and validation 
cohorts, accounting for up to 20% of the variance in post- 
Cesarean pain.12 Mechanical temporal summation (MTS) 
has also been previously investigated as a potential quan-
titative sensory testing (QST) modality to predict pain.13 

Despite the relative ease of use, LA injection, the “three 
simple questions”, and MTS have yet to be validated 
further.

Longer term sub-acute pain after cesarean delivery and 
psychological concerns such as postnatal depression are 
important outcomes after patient discharge.14,15 This could 
be associated with persistent post-cesarean pain which is 
defined as pain beyond 2 months after surgery.16 In view 
of this, we conducted a prospective cohort study to assess 
the association between pain score upon LA injection and 
acute 24 hours post-cesarean pain at rest (primary out-
come) and sub-acute post-cesarean pain (pain that lasted 
4 weeks or more) (secondary outcome).

Patients and Methods
Patient Recruitment
This prospective cohort study was conducted between 
May 2018 and April 2019 at KK Women’s and 
Children’s Hospital, Singapore on women undergoing 
elective cesarean delivery under neuraxial anesthesia. 
The study was approved by the SingHealth Centralized 
Institutional Review Board, Singapore (Ref: 2017/2381), 
and registered on Clinicaltrials.gov (NCT03645239). 
Written informed consent was obtained from women 
aged 21–50 years old, 36 weeks gestation or more, and 
with American Society of Anesthesiologist (ASA) physi-
cal status of I or II. Patients with a history of intravenous 

drug or opioid abuse, previous history of chronic pain 
syndrome, and patients undergoing emergency cesarean 
delivery or cesarean delivery under general anesthesia 
were excluded. Women who were unable to communicate 
in English were also excluded from this study.

Pre-operative assessment included demographic data, 
pain scores at rest or with movement (0–10; Numerical 
Rating Scale (NRS)) (Figure 1). The “three simple 
questions”12 were administered in the pre-operative 
assessment for i) Anxiety about upcoming surgery 

On a scale of 0–100, with 0 being not anxious at all and 
100 being extremely anxious, how anxious are you about 
your upcoming surgery? 

ii) Anticipated pain score

On a scale of 0–100, with 0 being no pain at all and 100 
the most severe pain that you could imagine, how much 
pain do you anticipate experiencing after your upcoming 
surgery? 

And using a categorical scale for iii) Anticipated pain 
medication needs

On a scale of 0–5, with 0 being none at all, and 5 being 
much more than average, how much pain medication do 
you anticipate needing after your upcoming surgery? 

Mechanical temporal summation (MTS) was evoked using 
a 180-gram von Frey filament applied to the patient’s 
forearm, as demonstrated by Weissman-Fogel et al,17 

before anesthesia and surgery. After one touch, the subject 
was asked to rate the pinprick pain on a 0–100 verbal 
numerical pain scale. Ten consecutive touches were then 
applied within a 1 cm diameter circle at 1 second inter- 
stimulus interval and the subject was asked to rate the pain 
of the 10th application. The difference between the last 
and the first pain scores were calculated, by which 
a positive difference (>0) indicated the presence of an 
evoked MTS. Pre-operative questionnaires were adminis-
tered after MTS assessment, which included: i) Central 
Sensitization Inventory (CSI), a questionnaire to quantify 
patients’ reactions to expansion of the pain field and pro-
longed pain after stimulus removal;18 ii) Edinburgh 
Postnatal Depression Scale (EPDS), a self-reporting scale 
to assess postnatal depression;19 iii) Hospital Anxiety and 
Depression Scale (HADS) to assess the patients’ level of 
anxiety and depression;20 and iv) Pain Catastrophizing 
Scale (PCS), a validated psychometric instrument to eval-
uate the negative thought processes patients may have 
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when they are exposed to actual or anticipated pain and 
painful experiences.21

Intraoperative procedures included routine standards of 
care of cesarean delivery in the hospital. All patients 
received antacid prophylaxis with 30 mL Sodium Citrate. 
Two to five milliliters of 1.0% lignocaine was used as the 
LA to the skin using a 22 Gauge hypodermic needle. 
A standardized script was used to inform patients when 
the LA was about to be given. After the LA injection, 
a NRS 0 to 10 was used to score the pain score upon LA 
injection.11 Both the LA injection and MTS assessments 
were performed by two formally trained investigators. 
Intra-operative and post-operative management was car-
ried out at attending clinician’s discretion based on hospi-
tal standards of care.

In brief, patients underwent either spinal or combined 
spinal-epidural (CSE) anesthesia during cesarean delivery, 
where the anesthesia procedures were all done by using 
0.5% bupivacaine with dextrose additive. During the sur-
gery, all patients were given spinal bupivacaine and fenta-
nyl (15 mcg) and morphine (100 mcg) intrathecally as 
adjuncts for anesthesia. The testing and monitoring of 
spinal bloc were performed at different time points, includ-
ing the presence of a motor block before incision, the 
absence of pain on surgical incision, and the absence of 

pain at the end of surgery. Blood pressure, three-lead ECG, 
pulse oximeter heart rate, and saturation were monitored 
throughout the duration of surgery. Blood loss, the pre-
sence of adhesion and intraoperative complications were 
also documented accordingly. In this study, all patients 
underwent a transverse incision.

During the postoperative period, resolution of spinal 
block height to T4 or below was required prior to dis-
charge from the post-anesthesia care unit (PACU). Regular 
monitoring would be conducted in a general ward of 
hourly parameters including pain score, blood pressure, 
heart rate, and oxygen saturation. Postoperative analgesia 
(paracetamol, mefenamic acid, tramadol) were adminis-
tered to patients after cesarean delivery, and tramadol 
would be administered as per patient request for excess 
pain. Pain scores at rest and with movement were docu-
mented at 24 and 48 hours after cesarean delivery.

An online survey was conducted at 6–10 weeks post- 
cesarean delivery on the patient’s pain experience and 
duration of pain. The presence of sub-acute post-cesarean 
pain (as defined by binary outcome presence of absence of 
pain that lasted for 4 weeks or more) at 6–10 weeks post- 
cesarean delivery was recorded. Other pain-related ques-
tions were asked to look at the presence or absence of pain 
around the scar or abdominal wound site at greater than 4 

Figure 1 Study timeline. 
Abbreviations: CSI, Central Sensitization Inventory; EPDS, Edinburgh Postnatal Depression Scale; HADS, Hospital Anxiety and Depression; LA, local anesthetic; MTS, 
mechanical temporal summation; PCS, Pain Catastrophizing Scale.
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weeks, the time of resolution of pain, how pain affected 
the ability to walk, and how pain interfered with mood, 
sleep, concentration, and relationships.

Sample Size Calculation and Statistical 
Analysis
The calculated sample size of 196 patients was based on 
an incidence rate assumption of severe acute post-cesarean 
pain of 20%;3 patients with pain score upon LA injection 
having severe acute post-cesarean pain with an anticipated 
odds ratio (OR) of 3.0; 5% level of significance; 80% 
power, and 1:3 allocation ratio. After adjusting for 11% 
loss to follow-up, ineligibility, and withdrawal, the 
required sample size was at least 200.

The acute post-cesarean pain after 24 hours at rest was 
collected as continuous data and ranged from 0 to 10 in 
NRS. The primary outcome of acute post-cesarean pain 
after 24 hours at rest was categorized into two categories 
“pain scores 0–3” or “pain scores 4–10”, and was treated 
as a binary variable. We chose to use 0–3 as one group as 
these patients would not need or be offered additional 
rescue medications, compared to moderate to severe pain 
having a pain score of 4–10 in clinical practice. The 
secondary outcome sub-acute post-cesarean pain was also 
treated as a binary variable with categories “yes” or “no”. 
All demographic, clinical, and anesthetic variables were 
summarized based on the primary outcome of acute post- 
cesarean pain after 24 hours at rest and secondary outcome 
of sub-acute post-cesarean pain. Categorical variables 
were summarized as frequency (proportion), while contin-
uous variables were summarized as mean±standard devia-
tion (SD) or median (interquartile range (IQR)). Univariate 
and multivariable logistic regression analyses were per-
formed to assess the association of the primary outcome 
with potential risk factors. Association from a logistic 
regression model was expressed as odds ratio (OR) and 
corresponding 95% confidence interval (95% CI). 
Multivariable logistic regression was then performed 
using those variables with a P-value<0.02 in the univariate 
logistic regression analysis. Then union of the variables 
from forward, backward, and stepwise method were used 
to finalize the variable lists in the multivariable model with 
entry and stay criteria as 0.02 and 0.05, respectively. Then 
we used a likelihood ratio test followed by area under the 
curve (AUC) to decide the final multivariable model. 
Separate univariate and multivariable logistic regression 
analyses were performed to find associated independent 

factors for sub-acute post-cesarean pain. The significance 
level was set at 0.05 and all tests were two-tailed. SAS 
version 9.4 software (SAS Institute; Cary, NC, USA) was 
used for the analysis.

Results
A total of 218 women of ASA I–II were recruited in the 
study, however one patient withdrew prior to 24 hours 
follow-up (Figure 2). For the primary time point of acute 
post-cesarean pain at 24 hours at rest, 217 patients com-
pleted the follow-up. A further 12 patients were excluded 
from the analysis due to withdrawal, lost to follow-up, or 
not completing surveys at 6–10 weeks post-cesarean deliv-
ery. The mean (SD) of the follow-up duration was 6.6 
(0.9) weeks. At 24 hours post-cesarean delivery, 217 
patients were categorized into two groups, with the first 
having minimal to mild pain scores of 0–3 (n=169), and 
the other having moderate-to-severe pain scores of 4–10 
(n=48). In this study, the incidence of moderate-to-severe 
acute post-cesarean pain at 24 hours at rest was 21.0% 
(95% CI=16.6–27.6%). Table 1 shows the pre-operative 
demographic data for the patients, and none of them was 
found to be associated with the acute post-cesarean pain 
except race, whereby Malay patients had an increased risk 
of having high acute 24 hours post-cesarean pain at rest as 
compared with Chinese (OR=2.22, 95% CI=1.03–4.77, 
P=0.0419).

The majority of patients were given spinal anesthesia 
(195 or 89.9%) with the remaining 22 (10.1%) patients 
receiving a CSE anesthesia (Table 2). All patients under-
went transverse surgical incision, with one from the mod-
erate-to-severe acute post-cesarean pain group having 
failed neuraxial anesthesia, in which an epidural was 
inserted and top-up ropivacaine was given to achieve 
a block to T6 dermatome prior to incision. We found no 
significant association between blood loss and acute post- 
cesarean pain score, or between surgery duration and acute 
post-cesarean pain score. A total of 35 patients were found 
to have adhesions with adhesiolysis done. A total of five 
patients were found to have intraoperative complications 
and showed no significant association with the severity of 
the acute post-cesarean pain score after 24 hours at rest.

Association of various measures with post-operative 
pain scores for up to 24 hours are displayed in Table 2. 
The primary outcome of the association between pre- 
operative pain score upon LA injection and acute post- 
cesarean pain 24 hours post-cesarean delivery was not 
significant (OR=1.10, 95% CI=0.95–1.27, P=0.2080). Of 
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the “three simple questions” conducted pre-operatively, 
only anxiety about upcoming surgery was significantly 
associated with moderate-to-severe acute post-cesarean 
pain at 24 hours (OR=1.02, 95% CI=1.01–1.04, 
P=0.0072). The other two questions on anticipated pain 
scores (OR=1.02, 95% CI=1.00–1.04, P=0.0545) and 
anticipated pain medication requirements (OR=0.97, 
95% CI=0.66–1.43, P=0.8762) were not significantly 
associated with acute post-cesarean pain at 24 hours. An 
evoked MTS (pinprick differences>0) (OR=0.89, 95% 
CI=0.45–1.76, P=0.7274), pain scores at rest (OR=1.07, 
95% CI=0.78–1.50, P=0.6761), and pain scores with 
movement (OR=1.05, 95% CI=0.78–1.43, P=0.7590) 
were also not significantly associated with moderate-to- 

severe acute post-cesarean pain at 24 hours. At 48 hours 
post-cesarean delivery, those with moderate-to-severe 
acute post-cesarean pain at 24 hours also exhibited greater 
pain score (at rest: 3.1±2.5; with movement: 6.0±1.8) than 
patients with minimal-to-mild acute post-cesarean pain (at 
rest: 1.4±1.8; with movement: 4.5±2.1). The use of intrao-
perative (morphine, fentanyl, paracetamol) and postopera-
tive (paracetamol, mefenamic acid, tramadol) analgesia 
were not significantly associated with moderate-to-severe 
acute post-cesarean pain at 24 hours. Postoperative trans-
versus abdominis plane (TAP) block was not performed.

Psychological assessments revealed that higher pre- 
operative pain rumination scores (OR=1.09, 95% 
CI=1.01–1.17, P=0.0359), magnification scores (OR=1.15, 

Figure 2 Study flowchart.
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95% CI=1.02–1.30, P=0.0255), and total pain catastrophizing 
scores (OR=1.04, 95% CI=1.00–1.07, P=0.0244) were asso-
ciated with moderate-to-severe acute post-cesarean pain at 24 
hours (Table 3). Pre-operative HADS depression (OR=0.99, 
95% CI=0.89–1.10, P=0.8067), HADS anxiety (OR=1.08, 
95% CI=0.98–1.18, P=0.1293), and EPDS (OR=1.03, 95% 
CI=0.96–1.11, P=0.4447) did not show any significant asso-
ciation with acute post-cesarean pain at 24 hours.

From the follow-up pain survey at 6–10 weeks post- 
cesarean delivery, the incidence of sub-acute post-cesarean 
pain, as defined by the presence of pain around their scar 
or abdominal wound site for 4 weeks or more, was 14.6% 
(30 of 205; 95% CI=9.8–19.5%). Out of these 30 patients, 
half of them (n=15) had resolution of pain 4 weeks after 
delivery, while the remaining 15 had pain persisting 
beyond 4 weeks after delivery. In terms of daily life 
activities, 46.7% (n=14) of these 30 patients reporting sub- 
acute post-cesarean pain also reported pain interfering 
with their ability to walk, followed by interference with 
mood (43.3% or n=13), interference with sleep (26.7% or 
n=8), interference with their relationships (10% or n=3), 
and interference with their ability to concentrate (6.7% or 
n=2). At 6–10 weeks post-cesarean delivery, no significant 
differences in reasons for stopping breastfeeding were 
found between those with sub-acute post-cesarean pain, 
and patients without sub-acute post-cesarean pain. Eight 

out of 30 (26.7%) patients with sub-acute post-cesarean 
pain had a greater EPDS score ≥10; whereas in patients 
without sub-acute post-cesarean pain, 35 out of 175 
patients (20.0%) had a greater EPDS score ≥10. There 
was no significant difference between patients with and 
without sub-acute post-cesarean pain (P=0.4664) on the 
incidence of postpartum depression (defined as EPDS 
score ≥10).

We did not find any multivariable model associated with 
pre-operative factors for acute post-cesarean pain at 24 hours 
post-cesarean delivery. All pre-operative variables and asso-
ciated factors at 24 and 48 hours post-cesarean delivery were 
then analyzed for their associations with the presence of sub- 
acute post-cesarean pain at 6–10 weeks post-cesarean deliv-
ery, by which univariate factors with a P-value <0.2 are 
included in Table 4. Univariate analyses revealed that pre- 
operative pain at rest (OR=1.71, 95% CI=1.14–2.57, 
P=0.0091) and with movement (OR=1.41, 95% 
CI=1.05–1.90, P=0.0228), pain score upon LA injection 
(OR=1.27, 95% CI=1.06–1.53, P=0.0100), and pre- 
operative central sensitization (OR=1.05, 95% 
CI=1.01–1.08, P=0.0136) were significantly associated 
with the presence of sub-acute post-cesarean pain. 
Multivariable analysis showed that pre-operative pain score 
upon LA injection (adjusted OR=1.29, 95% CI=1.07–1.55, 
P=0.0089) and pre-operative central sensitization (adjusted 

Table 1 Demographic Characteristics (Based on 24 Hours Acute Post-Cesarean Pain Score, at Rest)

Characteristics Pain Scores 0–3 (N=169) Pain Scores 4–10 (N=48) Unadjusted OR (95% CI) P-value

Age (years) 34.8±5.0 33.8±5.2 0.96 (0.89–1.03) 0.2510

Race 0.2290a

Chinese 105 (62.1) 22 (45.8) 1 –
Malay 31 (18.3) 15 (31.3) 2.22 (1.03–4.77) 0.0419

Indian 18 (10.7) 6 (12.5) 1.58 (0.56–4.42) 0.3878
Others 15 (8.9) 5 (10.4) 1.58 (0.52–4.79) 0.4227

Weight (kg) 73.0±12.4 74.1±12.2 1.01 (0.98–1.03) 0.5857
Height (m) 1.6±0.1 1.6±0.1 0.10 (0.00–29.84) 0.4307

BMI (kg/m2) 28.8±4.6 29.4±4.1 1.03 (0.96–1.11) 0.3667

ASA physical status

I 105 (62.1) 26 (54.2) 1 –

II 64 (37.9) 22 (45.8) 1.35 (0.71–2.59) 0.3586

Gestational age (weeks) 38.3±0.8 38.3±0.8 0.90 (0.45–1.77) 0.7514

Past cesarean delivery

No 56 (33.1) 17 (35.4) 1 –

Yes 113 (66.9) 31 (64.6) 0.90 (0.46–1.77) 0.7680

Notes: Values are expressed as mean±standard deviation (SD) or number (%). aType 3 P-value. 
Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; CI, confidence interval; OR, odds ratio.
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OR=1.05, 95% CI=1.01–1.09, P=0.0111) were significantly 
associated with the presence of sub-acute post-cesarean pain 
at 6–10 weeks post-cesarean delivery. The area under curve 
(AUC) of ROC of this multivariable model was 0.691 
(Figure 3).

Discussion
In this Asian population cohort study, pain score upon LA 
injection during spinal anesthesia administration was not 
associated with moderate-to-severe acute post-cesarean 
pain at rest 24 hours after cesarean delivery. However, 
this was associated with sub-acute post-cesarean pain at 
6–10 weeks post-cesarean delivery survey. Increased pain 
score upon LA injection and increased pre-operative cen-
tral sensitization were significant independent association 
factors of sub-acute post-cesarean pain.

Orbach-Zinger et al11 found that the use of pain score 
upon LA injection may be useful in predicting the severity 

of acute post-cesarean pain at 24 hours. Our finding 
showed no significant association between pain score 
upon LA injection and acute post-cesarean pain scores; 
however it was associated with sub-acute post-cesarean 
pain. The different study population and multiple operators 
using a pragmatic trial design could have accounted for 
differences in the findings. In addition, the evaluation of 
pain was performed using a NRS of 0–10 instead of 
0–100, which may further lead to different interpretations 
as compared with Orbach-Zinger et al.11 Nevertheless, we 
found that pain score upon LA injection may affect sub- 
acute post-cesarean pain, which has important clinical 
implications in longer term post-cesarean pain manage-
ment. Previous studies have reported the roles of ion 
channels in pain sensation.22 It is plausible that the 
increased pain during LA injection is attributed to ion 
channels of different acting responses, and hence the dif-
ference in mediating sub-acute pain instead of acute pain, 

Table 2 Pain Characteristics and Univariate Analyses (Based on 24 Hours Acute Post-Cesarean Pain Score, at Rest)

Characteristics Pain Scores 0–3 
(N=169)

Pain Scores 4–10 
(N=48)

Unadjusted OR (95% 
CI)

P-value

Pre-operative
Pain score (at rest; 0–10) 0.1±0.9 0.2±0.8 1.07 (0.78–1.50) 0.6761

Pain score (with movement; 0–10) 0.2±1.0 0.3±1.0 1.05 (0.78–1.43) 0.7590
Anxiety about upcoming surgery (0–100) 50 [40.0] 60 [30.0] 1.02 (1.01–1.04) 0.0072

Anticipated pain score (0–100) 70 [20.0] 77.5 [10.0] 1.02 (1.00–1.04) 0.0545

Anticipated pain medication needs (0–5) 3 [0.0] 3 [1.0] 0.97 (0.66–1.43) 0.8762
Difference between eleventh and first pinprick 

pain scores

8.6±15.0 9.1±12.4 1.00 (0.98–1.02) 0.8167

Presence of evoked MTS

No 52 (30.8) 15 (31.9) 1 –

Yes 117 (69.2) 32 (68.1) 0.89 (0.45–1.76) 0.7274
Pain score upon LA injection (0–10) 4.5±2.2 5.0±2.3 1.10 (0.95–1.27) 0.2080

Number of patients with pain score upon LA 

injection >3

108 (63.9) 38 (79.2) 2.15 (1.00–4.61) 0.0501

Intra-operative and delivery
Neuraxial techniques 0.2524

CSE 15 (8.9) 7 (14.6) 1.00 –

Spinal 154 (91.1) 41 (85.4) 1.75 (0.67–4.58) –

Surgery duration (mins) 51.5±18.4 53.7±18.9 1.01 (0.99–1.02) 0.4741
Blood loss (mL) 356.2±185.4 389±334.3 1.00 (1.00–1.00) 0.3934

Adhesions 26 (15.4) 9 (18.8) 1.27 (0.55–2.93) 0.5764

Intraoperative complications 4 (2.4) 1 (2.1) 0.88 (1.00–8.04) 0.9081
Neonate ICU admission 3 (1.8) 2 (4.2) 2.41 (0.39–14.83) 0.3441

Post-operative (24 hours)
Pain score (at rest; 0–10) 0.8±1.1 5.2±1.2 – –

Pain score (with movement; 0–10) 3.9±2.2 7.0±1.5 2.20 (1.73–2.80) < 0.0001

Notes: Values are expressed as mean±standard deviation (SD), median [interquartile range (IQR)] or number (%). 
Abbreviations: CI, confidence interval; LA, CSE, combined spinal-epidural; local anesthetic; MTS, mechanical temporal summation; OR, odds ratio.
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however further affirmation is needed. It is also notable 
that we found no significant association between acute 
post-cesarean pain and the incidence of sub-acute post- 
cesarean pain at 6–10 weeks post-cesarean delivery, as 
opposed to a previous report on the positive correlation 
between acute pain and persistent pain after delivery.3 The 
knowledge of this information suggest variability in 
responses to pain among individuals, and that the use of 
pain score upon LA injection as a predictor on sub-acute 
post-cesarean pain may in turn aid in more personalized 
care and closer monitoring of the at-risk population to 
improve the pain management after discharge.

Central sensitization is characterized by allodynia, hyper-
algesia, expansion of the pain field and prolonged pain after 
stimulus removal.18 Previous reports have demonstrated that 
depression and anxiety are often associated with central 
sensitization.23,24 However, further investigation on its rela-
tionship with persistent pain in cesarean delivery is still 
lacking. To our knowledge, this is the first study that utilized 
CSI in assessing central sensitization in patients undergoing 
cesarean delivery. We tried an interaction effect between CSI 
and preoperative HADS depression; and CSI and preopera-
tive HADS anxiety separately. In both cases, interaction 
terms were highly insignificant (P-value≥0.4) and there 

Table 3 Psychological Characteristics and Univariate Analyses (Based on 24 Hours Acute Post-Cesarean Pain Score, at Rest)

Characteristics Pain Scores 0–3 (N=169) Pain Scores 4–10 (N=48) Unadjusted OR (95% CI) P-value

Pre-operative

PCS – Rumination (0–16) 5.3±4.1 6.7±4.1 1.09 (1.01–1.17) 0.0359

PCS – Magnification (0–12) 3.1±2.4 4.0±3.1 1.15 (1.02–1.30) 0.0255
PCS – Helplessness (0–24) 5.4±4.4 6.9±5.2 1.07 (1.00–1.14) 0.0550

PCS – Total Score (0–52) 14.1±10.2 17.9±11.3 1.04 (1.01–1.07) 0.0244
CSI (0–100) 53.6±11.8 52.8±11.2 1.00 (0.97–1.02) 0.7480

HADS – Depression (0–21) 4.3±3.1 4.1±2.9 0.99 (0.89–1.10) 0.8067

HADS – Anxiety (0–21) 6.6±3.2 7.4±3.9 1.08 (0.98–1.18) 0.1293
EPDS (0–30) 7.0±4.2 7.5±4.3 1.03 (0.96–1.11) 0.4447

Note: Values are expressed as mean±standard deviation (SD). 
Abbreviations: CI, confidence interval; CSI, Central Sensitization Inventory; EPDS, Edinburgh Postnatal Depression Scale; HADS, Hospital Anxiety and Depression; OR, 
odds ratio; PCS, Pain Catastrophizing Scale.

Table 4 Factors Associated with Sub-Acute Post-Cesarean Pain at 6–10 Weeks Post-Cesarean Delivery

Parameters Presence of Sub-Acute Post- 
Cesarean Pain

Unadjusted 
ORa  

(95% CI)

P-value Adjusted 
ORb  

(95% CI)

p-value

No (N=175) Yes (N=30)

Intercept (β estimate (SE)) – – – – −5.57 (1.21) –

Weight 73.6±12.0 69.3±15.0 0.98 (0.94–1.01) 0.0844 – –

Height 1.6±0.1 1.6±0.0 0.01 (0.00–5.69) 0.1404 – –

ASA physical status

I 111 (63.4) 15 (50.0) 1 – – –
II 64 (36.6) 15 (50.0) 1.73 (0.80–3.78) 0.1659 – –

Pre-operative pain score (at rest) 0.1±0.5 0.7±2.0 1.71 (1.14–2.57) 0.0091 – –
Pre-operative pain score (with movement) 0.1±0.8 0.7±1.8 1.41 (1.05–1.90) 0.0228 – –

Anticipated pain medication needs 3.0 [0.0] 3.0 [0.0] 0.72 (0.47–1.11) 0.1393 – –

Pain score upon LA injection 4.5±2.1 5.6±2.5 1.27 (1.06–1.53) 0.0100 1.29 (1.07–1.55) 0.0089
CSI 52.7±11.3 58.4±12.3 1.05 (1.01–1.08) 0.0136 1.05 (1.01–1.09) 0.0111

Notes: Values are expressed as mean±standard deviation (SD), median [interquartile range (IQR)] or number (%). aAll pre-operative variables and factors at 24- and 48- 
hours post-cesarean delivery were analyzed for their association with the presence of sub-acute post-cesarean pain at 6–10 weeks post-cesarean delivery, and only 
univariate factors with a P-value<0.2 are shown here. bAdjusted ORs were obtained from multivariate logistic regression by taking potential confounders (P<0.02) identified 
by univariate analysis. 
Abbreviations: ASA, American Society of Anesthesiologists; CI, confidence interval; CSI, Central Sensitization Inventory; LA, local anesthetic; OR, odds ratio; SE, standard 
error.
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were little improvements in Akaike Information Criterion 
(AIC) compared to multivariable model without interaction 
term. Previous studies have engaged different QST to inves-
tigate post-cesarean neural sensitization such as electric pain 
threshold and pain tolerance thresholds, but threshold exam-
inations are usually taken from a restricted area of pain, 
which may not be representative of the larger part of the 
somatosensory system.25 It was postulated that a long dura-
tion of cesarean delivery may lead to a more extensive 
incision and a lower dermatomal sensory level during 
anesthesia, and subsequently increased gain of the nocicep-
tive system and enhanced neural sensitization.26 The use of 
CSI may hence be more clinically useful to quantify central 
sensitization due to its simplicity and less time-consuming 
nature as compared with other pain testing modalities.

The use of “three simple questions” to assess patients’ 
anxiety about upcoming surgery, anticipated post-cesarean 

pain, and anticipated analgesic consumption was first 
reported by Pan et al,12 who found that answers to all 
these questions were modestly correlated with acute post- 
cesarean pain scores (r=0.24–0.33, P<0.001). Here we 
showed that out of the three questions, only the anxiety 
about upcoming surgery was significantly associated with 
increased moderate-to-severe acute post-cesarean pain. 
A previous study has suggested differences in anticipated 
analgesia use in different races and ethnicities,27 and it is 
interesting that results reported in this study are different 
from the Pan et al study.

This study is one of the limited few prospective studies 
in an Asian population looking at multiple domains of 
demographic, pain, and psychological measurements. As 
compared with Chinese, Malay patients had an increased 
risk of having high acute 24 hours post-cesarean pain at 
rest. This is similar to the findings from a previous study 

Figure 3 Receiver operating characteristic (ROC) of the suggested multivariate model for sub-acute post-cesarean pain. 
Abbreviation: AUC, area under curve.
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by Tan et al28 in the same study site on women undergoing 
cesarean delivery, of which Malays were observed to have 
a higher mean pain score and higher morphine usage after 
surgery as compared with Chinese patients. Differences in 
culture and perception on this procedure, as well as genetic 
variant present or absent in different ethnicities may have 
contributed to the observed findings, however future 
research is warranted. We also collected information in 
a timely manner to determine how pre-operative factors 
could affect the post-cesarean pain not just in acute 24 
hours post-cesarean delivery but also in a longer sub-acute 
term perspective.

However, we do acknowledge a number of limitations in 
our study. We enrolled only patients who were scheduled for 
elective cesarean delivery in our institution, and this may not 
be representative of the general obstetric population. Our study 
only selected patients who were to undergo elective cesarean 
delivery, many of whom had previous cesarean deliveries and 
hence may be more susceptible to neuropathic (entrapment of 
iliohypogastric or ilioinguinal nerves) and non-neuropathic 
(scar pain, pelvic pain, musculotendinous, dysmenorrhea, 
etc.) pain.29,30 There could also be confounders that were not 
taken into consideration which could contribute to higher pain 
profiles, such as lifestyle, social support, other pain, and psy-
chometric measures (eg, fear avoidance, stress), which could 
be addressed in future studies. The pre-operative assessments 
were performed mainly by two investigators, with the question 
on LA injection before spinal anesthesia being performed with 
a standardized script to avoid variability. However, due to the 
pragmatic design of the study and the clinical settings, up to 15 
attending anesthesiologists assigned to the operating 
theater were performing spinal anesthesia for different 
patients, which may introduce variations in terms of anesthetic 
techniques and decision-making, including non-standardized 
perioperative pain and anesthesia management. The recruited 
patients had their postnatal follow-up done at around 6 weeks 
after delivery, which might possibly delay the evaluation of 
sub-acute post-Cesarean pain. However, it is notable that the 
postnatal follow-up was done prospectively to investigate the 
presence of sub-acute post-cesarean pain that lasted for 4 
weeks or more, which could occur any time after delivery till 
before the survey. In this study, we also assessed the post- 
cesarean EPDS score, which is the gold standard in maternal 
mental health screening, with its outcome of postpartum 
depression having its onset starting at 4 weeks after delivery. 
It is also possible that some patients might have bias in 

memory recall, which may lead to varying follow-up out-
comes from patient’s timeliness to responding to the survey.

Conclusion
We showed that there was no association between increased 
pain score upon LA injection and acute post-cesarean pain, 
but it was associated with sub-acute post-cesarean pain. In 
addition, increased pain score upon LA injection and 
increased pre-operative central sensitization were associated 
with the presence of sub-acute post-cesarean pain at 6–10 
weeks post-cesarean delivery. These findings may contribute 
to novel risk stratification strategies for post-cesarean pain 
management, however further research is warranted to vali-
date these findings and to develop risk models.
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mass index; CI, confidence interval; CSE, combined spinal- 
epidural; CSI, Central Sensitization Inventory; EPDS, 
Edinburgh Postnatal Depression Scale; HADS, Hospital 
Anxiety and Depression; IQR, interquartile range; LA, 
local anesthetic; NRS; numerical rating scale; OR, odds 
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