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Abstract

Recovery after caesarean under spinal anesthesia remains a quality gap, with scarce evidence on modifiable anesthetic
practices improving recovery. Data linking the neuraxial technique, nausea, anxiety, and pain remain limited. The
objective of this study was to describe postoperative nausea and vomiting, anxiety, and pain at 6, 12, and 24 hours after
caesarean section under spinal anesthesia and to examine whether intrathecal adjuvant use, sensory block level, fasting
duration, and American Society of Anesthesiologists (ASA) physical status were associated with these outcomes. Cross-
sectional study across five hospitals; 534 women undergoing caesarean under spinal anesthesia. Exposures: intrathecal
adjuvant, sensory level (< T6 and > T6), nil per os (NPO) time, and ASA class. Outcomes: postoperative nausea and
vomiting (PONV) using Rhodes Index of Nausea, Vomiting, and Retching (RINVR), anxiety using State-Trait Anxiety-
State STAI-S), pain at 6,12,24 h; generalized estimating equations Poisson and linear models. A total of 534 women
completed the study (mean age, 31.8 years; mean body mass index, 29.3). Symptom burden was greatest in the early
postoperative period: postoperative nausea and vomiting and pain were highest at 6 hours, whereas anxiety peaked at 12
hours. By 24 hours, symptoms had declined, although substantial proportions of women continued to report nausea and
pain. Better ASA physical status (class I-1T) was associated with lower RINVR and STAI-S. These findings suggest that
modifiable perioperative factors may help inform strategies to improve early post-caesarean recovery and guide
postoperative nursing monitoring and symptom management.

Keywords: anesthesia, anxiety, pain, post-operative caesarean section, postoperative nausea and vomiting, spinal
anesthesia

Abstrak

Kecemasan, Mual, Muntah, dan Nyeri pada Masa Awal Pasca-Operasi Caesar dengan Anestesi Spinal: Pola
Perkembangan dan Faktor Prediktor yang Dapat Dimodifikasi. Pemulihan setelah operasi caesar dengan anestesi
spinal masih menjadi kesenjangan mutu pelayanan dengan bukti yang terbatas mengenai praktik anestesi yang dapat
dimodifikasi untuk meningkatkan pemulihan. Data menunjukkan bahwa keterkaitan antara teknik neuraksial, mual,
kecemasan, dan nyeri masih terbatas. Penelitian ini bertujuan untuk mendeskripsikan kejadian mual dan muntah
pascaoperasi, kecemasan, serta nyeri pada 6, 12, dan 24 jam setelah operasi sesar dengan anestesi spinal, serta
menganalisis apakah penggunaan adjuvan intratekal, tingkat blok sensorik, durasi puasa, dan status fisik menurut
American Society of Anesthesiologists (ASA) berhubungan dengan luaran tersebut. Studi potong lintang di lima rumah
sakit pada 534 perempuan yang menjalani seksio sesarea dengan anestesi spinal. Paparan meliputi adjuvan intratekal,
tingkat sensorik (< T6 dan > T6), lama nil per os (NPO), serta kelas ASA. Luaran meliputi postoperative nausea and
vomiting (PONV) yang diukur menggunakan Rhodes Index of Nausea, Vomiting, and Retching (RINVR), kecemasan
yang diukur menggunakan State-Trait Anxiety-State (STAI-S), dan nyeri pada 6, 12, dan 24 jam; analisis menggunakan
model generalised estimating equations Poisson dan model linier. Sebanyak 534 perempuan menyelesaikan penelitian ini,
dengan rerata usia 31,8 tahun dan rerata indeks massa tubuh 29,3. Beban gejala paling tinggi terjadi pada periode awal
pascaoperasi: mual dan muntah pascaoperasi serta nyeri mencapai tingkat tertinggi pada 6 jam, sedangkan kecemasan
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memuncak pada 12 jam. Pada 24 jam pascaoperasi, gejala cenderung menurun, meskipun proporsi yang cukup besar
dari partisipan masih melaporkan mual dan nyeri. Status fisik ASA yang lebih baik (kelas I-II) berhubungan dengan
skor RINVR serta State-Trait-Anxiety (STAI) yang lebih rendah. Temuan ini menunjukkan bahwa faktor perioperatif
yvang dapat dimodifikasi dapat memberikan masukan bagi pengembangan strategi untuk meningkatkan pemulihan dini
pascaoperasi serta memperkuat pemantauan keperawatan pascaoperasi dan manajemen gejala.

Kata Kunci: anestesi, anestesi spinal, kecemasan, mual dan muntah pascaoperasi, nyeri, pascaoperasi seksio sesarea

Introduction

Spinal anesthesia is used in the majority of
women undergoing caesarean delivery; how-
ever, nausea or vomiting, anxiety, and pain may
hinder early recovery by limiting mobilization,
breastfeeding, and maternal satisfaction (Wilson
etal., 2026). Preventing and early recognition of
these symptoms are two of the four core quality
targets promoted by Enhanced Recovery After
Caesarean (ERAC) (Na, 2025). For now, there
remains a paucity of time-dependent bedside
data to inform hourly management of care in
usual clinical practice (Walker et al., 2025). Re-
cent Enhanced Recovery After Surgery (ERAS)
guidelines have emphasized outcome-based met-
rics and highlighted the value of granular clin-
ical data for developing pragmatic enhanced re-
covery pathway bundles (Sultan et al., 2025).

Worldwide, the uptake of caesarean section
(CS) is approximately 21% and increasing, sug-
gesting that at a population level, we should pri-
oritize optimizing perioperative recovery (WHO,
2021). In this regard, recovery planning consti-
tutes a central public health function. Accord-
ing to global estimates, by 2030, approximately
28.5% of births, or equivalent to 38 million cae-
sarean deliveries per year, will be performed world-
wide, which will vary between regions from 7.1%
in sub-Saharan Africa to 63.4% in Eastern Asia
(Betran et al., 2021). In Indonesia, the prevalence
of CS rose from 1.6% in 1991 to approximately
17.6% in 2017, indicating a substantial increase,
with nearly one in five births delivered by CS in
2017 (Zahroh et al., 2024). The estimated 260,000
maternal deaths in 2023 signal stagnating glo-
bal progress and underpin the need for good-
quality care at birth (WHO, 2025a). The mater-
nal mortality rate in Indonesia is still high at a-
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round 140 per 100,000 live births, and thus the
importance of improving immediate post-
operative results should be emphasized (WHO,
2025b). Spinal-induced hypotension (SIH) is
common during CS under spinal anesthesia and
can occur in 60-80% of women without pro-
phylaxis, with potential adverse effects on ma-
ternal comfort and fetal wellbeing (Higashi et al.,
2025). Refractory SIH may lead to hemodynamic
instability with presyncope, nausea, vomiting,
and fetal acidosis, thereby linking physiological
disturbances with maternal symptoms and neo-
natal outcomes of clinical relevance (Barud et
al., 2025).

Evidence remains constrained by methodologi-
cal choices that may obscure the dynamics of
early symptoms. Most obstetric studies have de-
scribed single-time estimates, rather than re-
peated fixed assessments within the initial 24 h
(Hannola et al., 2021). Key modifiable expo-
sures, including intrathecal adjuvants, target sen-
sory level, and fasting practice, are commonly
underreported or incompletely analyzed, limiting
causal interpretation and the translation of find-
ings into bedside practice (Singh et al., 2022). More-
over, definitions of SIH and the associated mea-
surement windows vary across studies (Lorato et
al., 2025), which limits comparability. Analyses
testing time-by-covariate interactions remain limit-
ed, although they are important for identifying
when specific factors are most relevant across the
6-, 12-, and 24-hour recovery trajectory (Ibrahem et
al., 2024).

Although enhanced recovery strategies after CS
are increasingly emphasized, evidence remains
limited regarding symptom-based early recovery
following spinal anesthesia. (Ibrahem et al., 2024;
Na, 2025). Prior studies have mainly examined
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overall quality of recovery, postoperative nau-
sea and vomiting prophylaxis, or analgesic effi-
cacy as separate outcomes rather than as concur-
rent trajectories of postoperative nausea and vom-
iting, anxiety, and pain during the first postop-
erative day (Hatter et al., 2025; Ishida et al., 2025;
Wang etal., 2024). As a result, it remains unclear
how these symptoms evolve across the 6-, 12-,
and 24-hour postoperative periods and whether
modifiable perioperative factors, particularly in-
trathecal adjuvant use, sensory block level, and
fasting duration, are associated with these tra-
jectories. This study aimed to address this gap
by examining fixed early postoperative symp-
tom trajectories and their associations with clin-
ically relevant perioperative factors.

This study aimed to estimate the prevalence of
postoperative nausea and vomiting at 6, 12, and
24 hours after CS under spinal anesthesia and to
examine time-specific associations with poten-
tially modifiable factors. It also provides a prag-
matic multicenter assessment framework that
may inform ERAC-aligned nurse-led recovery
bundles in a middle-income setting.

Methods

Study Design and Setting. A multicenter hos-
pital-based cross-sectional study with repeated
postoperative assessments at 6, 12, and 24 hours
was conducted among women undergoing CS
under spinal anesthesia at five hospitals in Indonesia
from July 3 to September 2025. Participating in
hospitals were selected based on study feasibil-
ity, routine CS volume, and the ability to imple-
ment standardized postoperative assessments. Re-
porting followed the STROBE guideline (von
et al., 2007).

Participants and Eligibility. Eligible partici-
pants were women aged 18 years or older un-
dergoing CS under spinal anesthesia who were
hemodynamically stable after surgery, able to
provide written informed consent, and expected
to remain hospitalized for at least 24 hours. Ex-
clusion criteria were emergency CS when pro-
tocolized symptom assessment was not feasible,
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failed or converted spinal anesthesia, pre-
operative antiemetic or sedative exposure likely
to affect anxiety assessment, severe psychiatric
or communication disorders, postoperative in-
tensive care unit transfer after the initial assess-
ment, multiple pregnancy with major obstetric
complications, and incomplete core question-
naire data. Participants were enrolled consecu-
tively during the study period. A formal pro-
spective sample size calculation was not pre-
specified. However, the final sample was con-
sidered adequate for the study objectives be-
cause cross-sectional studies commonly justify
sample size based on prevalence precision
(Charan & Biswas, 2013), and G*Power-based
regression approximation supported adequacy
for multivariable analysis (Faul et al., 2009; Kang,
2021). Methods specific to repeated-measures
and generalized estimating equation designs are
available and are preferable when prespecified
at the design stage (Verbeeck et al., 2023). Using
a = .05, power = 0.90, = 0.05, and 14 predictor
parameters, the minimum required sample size
was estimated to be 473 participants, or 526
after allowing for 10% incomplete data. The

final analytic sample of 534 women exceeded
this threshold.

Outcomes and Measurements. Postoperative
nausea and vomiting were assessed using the
RINVR, an 8-item instrument with established
reliability in postoperative patients, including
Cronbach’s a ranging from 0.912 to 0.968 (Kim
et al., 2007). Because a formally validated In-
donesian version was not available, the instru-
ment was administered in Indonesian using har-
monized interviewer scripts by trained nurses
across all sites. State anxiety was assessed using
the Indonesian-language STAI-S form, which
has shown high reliability in prior Indonesian
use, with Cronbach’s o values of 0.940 for
State-Trait-Anxiety (STAI) I and 0.905 for STAI
IT (Setiawati et al., 2021). Pain intensity was as-
sessed using the NRS, an 11-point single-item
measure that was also administered in Indonesian;
prior Indonesian psychometric testing has shown
excellent reliability, with Cronbach's alpha and
intraclass correlation coefficient values greater
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than 0.90 (Adha & Komalasari, 2024). All instru-
ments were administered at 6 + 1, 12 £ 1, and 24
+ 2 hours after surgery.

Exposures, Candidate Factors, and Con-
founders. Prespecified candidate factors were
selected based on their clinical relevance to post-
operative nausea and vomiting, anxiety, and pain.
These factors included age, body mass index
(BMI), duration of surgery, fasting duration, ASA
physical status classification (American Society of
Anesthesiologists [ASA], 2025), sensory block
level, intrathecal adjuvant use, parity, history of
previous surgery, and education level. Sensory
block level was classified as at or below thorac-
ic dermatome level 6 (T6) versus above T6, as
assessed by pinprick. Age was grouped as young-
er than 20 years, 21-24 years, 25-29 years, 30—
34 years, 35-39 years, and 40 years or older. BMI
was categorized as less than 25 or 25 Kg/m? or
higher. Duration of surgery was categorized as
less than 30 minutes, 31-59 minutes, and 60 mi-
nutes or longer. Fasting duration was categor-
ized as less than 2 hours, 2—3 hours, 4-5 hours,
6 hours, and more than 6 hours. Parity was clas-
sified as primiparous or multiparous, history of
previous surgery as yes or no, and education level
as high school or lower versus college or high-
er. ASA classification followed current profes-
sional guidance. Time-interaction terms were
specified to assess whether sensory block level
and intrathecal adjuvant use were associated
with changes in symptom trajectories over time.
ASA classification, education level, history of
previous surgery, and study site were included
as potential covariates.

Data Sources, Field Procedures, and Quality
Control. Data were collected through bedside
interviews and chart abstraction using a stand-
ardized electronic case-report form, which in-
cluded built-in range checks and logic controls.
We pretested the procedure to assess under-
standing, timing, and skipping patterns; enu-
merators underwent standardized training and
certification with practice interviews and inter-
rater verification. Site monitors conducted rou-
tine monitoring visits, query logs were kept, dis-
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crepancies were resolved, and time stamps were
checked to determine whether assessments oc-
curred within protocol windows; site and asses-
sor information were retained to support clus-
tered/robust variance estimation if required.

Efforts to Minimize Bias. Consecutive enrol-
ment on all operating days within the study pe-
riod and consistent selection criteria across sites
were used to reduce selection bias. To reduce
information bias, we used validated instru-
ments, harmonized scripts, and fixed postoper-
ative time windows (Gerbershagen et al., 2011;
Kim et al., 2007; Tluczek et al., 2009). Con-
founding was addressed using a prespecified
adjustment set and tests for potential interac-
tions; we considered the use of cluster-robust
standard errors when site-level clustering effects
on variance were present. Leverage and Cook’s
distance were used to screen influential obser-
vations and outliers, and sensitivity analyses
were performed after excluding influential ob-
servations and outliers.

Missing Data. We described the extent of miss-
ingness and patterns at different time points.
When levels of missingness were greater than
trivial, we performed multiple imputation by
chained equations (MICE; m =20) under a missing-
at-random assumption, including outcomes and
predictors and site in the imputation model and
pooling estimates with Rubin’s rules (Rubin, 1987;
White et al., 2011) . Sensitivity checks were con-
ducted and limited to complete-case analyses.

Statistical Analysis. We described characteris-
tics as mean (SD) or median (IQR) and n (%).
For binary prevalence outcomes at each time-
point, such as any postoperative nausea and vom-
iting (PONV), moderate-high anxiety, and mod-
erate-severe pain, we calculated prevalence
ratios (PRs) and their respective 95% confi-
dence intervals (Cls) with the use of modified
Poisson regression models using a robust vari-
ance estimation technique as primary analysis,
and a log-binomial model for a specification
check (Zou, 2004). For continuous secondary
measures (RINVR, STAI-S, NRS), we conducted
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linear regression and checked model assump-
tions, including normality, homoscedasticity, and
linearity; when the assumptions were not met,
we applied robust standard errors or appropriate
transformation. Since symptoms were assessed
at 6, 12, and 24 hours in each subject, we mod-
elled trajectories using generalized estimating
equations (GEE) with an identity link function,
an exchangeable working correlation structure,
robust (sandwich) variance estimators, prespec-
ified categorical time point-by-covariate inter-
action terms, and reported coefficients with 95%
confidence intervals and p values (Liang & Zeger,
1986). Model construction was based on a clini-
cally informed full adjustment set; a condensed,
purposeful-selection model was presented as a
sensitivity analysis. We evaluated multicollin-
earity, using variance inflation factors (VIFs),
with values < 10 considered acceptable, assessed
potential non-linearity in continuous predictors
using fractional polynomials or restricted cubic
splines when appropriate, presented calibration/
discrimination statistics where applicable, and
applied cluster-robust standard errors when
hospital-level clustering was likely to affect sta-
tistical inference; statistical significance was
defined as o = 0.05.

Ethical Consideration. The institutional re-
view boards approved the protocol for this
study in all the hospitals that had participated,
which are Muhammadiyah Palembang Hospital
(IRB No: B.LPPM-UHB/369/04/2025), Ban-
jarnegara Islamic Hospital (IRB No: B.LPPM-
UHB/553/06/2025), Fatimah Islamic Hospital
(LPPM-UHB738/06/2025), Kebumen General
Hospital (IRB No. B.LPPM-UHB/479/05/2025);
and (IRB No. B.LPPM-UHB/610/06/2025).
Written informed consent was obtained from all
participants before data collection. The study was
in accordance with the Declaration of Helsinki,
and anonymized data were processed according
to institutional regulations on information se-
curity.

Results

A total of 724 women were evaluated for eligibil-
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ity across five hospitals. After exclusions for
not receiving spinal anesthesia, refusal to pro-
vide consent, emergency status that precluded
protocolized assessments, prohibited preopera-
tive antiemetic use, psychiatric conditions or
chronic sedative use that could invalidate STAI
assessment, and failed spinal anesthesia, 573
women were recruited. An additional 39 wom-
en were excluded before analysis because of
multiple gestation or significant obstetric ex-
clusions (n = 18), incomplete key question-
naires (n = 2), missed 24-hour assessment (n =
8), or postoperative intensive care unit transfer
(n = 11), resulting in an analytic sample of 534
participants (Figure 1).

In 534 consecutive post CS patients, the mean
age was 31.8 + 5 years, with the majority being
25-39 years old. Most were obese (87.6%, mean
BMI 29.3 + 3.8 kg/m?), ASA 1 (70.2%), multip-
arous (59%), operation duration about 60.8 +
13.8 minutes, NPO duration about 4.0 = 1.2
hours, and the majority had already received
pre-operative information (61.6%) with SMP
educational background. The incidence of
PONV was extremely low (only 0-2 cases in
each category) so that almost all patients were
classified into the no-PONV group and no clear
pattern of difference according to age, nutri-
tional status, duration of operation, fasting du-
ration, ASA status, the height of sensory block,
the use of intrathecal adjuvant, history of oper-
ation, parity, education and educational status.
While the proportion of moderate-high anxiety
according to STAI was consistently higher
compared to minimum-low anxiety, about 55-
60% in most groups, and almost all patients had
moderate-severe pain according to NRS, usu-
ally > 95%, with only a very small proportion
reporting mild pain or no pain. Clinically, this
profile indicates that patients were broadly sim-
ilar in terms of demographic and perioperative
characteristics, while the postoperative anxiety
and pain burden was much more prominent
than PONV, suggesting that quality-improve-
ment efforts may prioritize optimized pain man-
agement and reduction of post CS anxiety (Ta-
ble 1).
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Enrollment

Eligible

Inclusion

Analysis

Assessed for eligibility (n =724 )

» Muhammdiyah Palembang Hospital (n = 148)
» Banjarnegara Islamic Hospital (n = 222)

» Fatimah Islamic Hospital (n = 93)

» Kebumen General Hospital (n = 180)

» Emanuel Banjarnegara Hospital (n = 81)

—

Excluded (n =104)
* Not spinal anaesthesia (n = 32)

* Declined informed consent(n = 28)

* Emergency (n = 24)

» Prohibited pre-op antiemetic (n=27)
» Psychiatric/chronic sedative-STAI invalid(n = 20)
« Failed spinal (n = 17)

Enrolled (n=573)

l—»

Consestent (n = 534)

!

Analytic Sample (n =534)

Excluded (n =39)

» Multiple gestation/major obstetric exclusion

(=9

¢ Key questionnaire incomplete (n = 10)
¢ Missed 24-h assessment (n = 13)
e Post-op ICU transfer; 6-h missed (7)

Figure 1. STROBE Flow Chart

Table 1. Clinical and Demographic Characteristics of Post-Cesarean Section Patients (N = 534)

RINVR (n (%)) STAI (n (%)) NRS (n (%))
Characteristics Overall (534) Minimal  Moderate- No to Moderate-
n (%) No PONV PONV to Low High mild Severe
Anxiety Anxiety Pain Pain

Age, years 31.82+4.96

<20 7 (1.3) 0(0) 7 (100) 4(57.1) 3(42.9) 0(0) 7 (100)

21-24 27 (5.1) 0(0) 27 (100) 10 37.0) 17 (63.0) 0(0) 27 (100)

25-29 137 (25.7) 0(0) 137 (100) 53 (38.7) 84 (61.3) 5(3.6) 132(96.4)

30-34 206 (38.6) 1(0.5) 205 (99.5) 89 (43.2) 117(56.8) 2(1.0) 204 (99.0)

35-39 118 (22.1) 2(99.5) 116 (98.3) 50(42.4) 68 (57.6) 0(0) 118 (100)

>40 39 (7.3) 0 (0) 39 (100) 12 (30.8) 27 (69.2) 0 (0) 39 (100)
BMI Kg/m? 29.34+3.76

>25 Obese 468 (87.6) 3 (0.6) 0(0) 186 (39.7) 282(60.3) 7(1.5) 461 (98.5)

<25 Not Obese 66 (12.4) 465 (99.4) 66 (100) 32 (48.5) 34 (51.5) 0(0) 66 (100)
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RINVR (n (%)) STAI (n (%)) NRS (n (%))
Characteristics Overall (534) Minimal  Moderate- No to Moderate-
n (%) No PONV PONV to Low High mild Severe
Anxiety Anxiety Pain Pain
Duration of 60.77£13.83
Operative
<30 minutes 7 (1.3) 0 (0) 7 (100) 2 (28.6) 5(71.4) 0 (0) 7 (100)
31-59 minutes 237 (44.4) 1(0.4) 236 (99.6) 100 (42.2) 137(57.8) 4(1.7) 233(98.3)
>60 minutes 281 (52.6) 1(0.4) 280(99.6) 110(39.1) 171(60.9) 3(1.1) 278(98.9)
Duration of
Fasting 4.02+1.15
<2 Hours 25 (4.7) 0 (0) 25 (100) 10 (40.0) 15 (60.0) 1 (4.0) 24 (96.0)
2-3 Hours 168 (31.5) 0 (0) 168 (100) 77 (45.8) 91 (54.2) 3(1.8) 165(98.2)
4-5 Hours 159 (29.8) 2(1.3) 157 (98.7) 64 (40.3)  95(59.7) 2(1.3) 157(98.7)
5-6 Hours 163 (30.5) 1 (0.6) 162 (99.4) 59(36.2) 104(63.8) 1(0.5) 162 (99.4)
>6 Hours 19 (3.6) 0 (0) 19 (100) 8 (42.1) 11 (57.9) 0(0) 19 (100)
ASA physical
status 5(1.3) 370 (98.7)
ASA I 375 (70.2) 2 (0.5) 373 (99.5) 149 (39.7) 226(60.3) 2(1.3) 157 (98.7)
ASA I 159 (29.8) 2 (0.6) 158 (99.4) 69 (43.4) 90 (56.6)
Height of Sensory
Block
<Té6 271 (50.7) 3(1.1) 268 (98.9) 117 (43.2) 154(56.8) 3(1.1) 268(98.9)
>T6 263 (49.3) 0(0) 263 (100) 101 (38.4) 162 (61.6) 4 (1.5) 259 (98.5)
Intrathecal
Adjuvant
No 270 (50.6) 2(0.7) 268 (99.3) 112 (41.5) 158(58.5) 4(1.5)  266(98.5)
Yes 264 (49.4) 1(0.4) 263 (99.6) 106 (40.2) 158(59.8) 3(1.1) 261 (98.7)
History Operative
Yes 217 (40.6) 0(0) 217 (100) 83 (38.2) 134(61.8) 3(1.4) 214(98.6)
No 317 (59.4) 3(0.9) 314 (99.1) 135(42.6) 182(57.4) 4(1.3) 313(98.7)
Number of
Children 315 (59.0) 2 (0.6) 313(99.4) 133 (42.2) 182(57.8) 6(1.9) 309 (98.1)
Multipara 219 (41.0) 1(0.5) 218 (99.5) 85(38.8) 134(61.2) 1(0.5) 218(99.5)
Primipara
Education Pre-
operative
No 205 (38.4) 1(0.5) 204 (99.5) 90 (43.9) 115(56.1) 3 (1.5) 202 (98.5)
Yes 329 (61.6) 2 (0.6) 327(99.4) 128 (38.9) 201 (61.1) 4(1.2) 325(98.8)
Education Level
High School 303 (56.7) 2 (0.7) 301 (99.3) 128 (42.2) 175(57.8) 7(23) 296(97.7)
College 231 (43.3) 1(0.4) 230 (99.6) 90 (39.0) 141 (61.0) 0 (0) 231 (100)

Note. ASA = American Society of Anesthesiologists Physical Status; n (%) = number (percentage); NRS -= Numeric Rating
Scale; PONV = Postoperative Nausea and Vomiting; RINVR = Revised Index of Nausea, Vomiting, and Retching; SD = Standard
Deviation; STAI = State-Trait Anxiety Inventory.

In 534 patients, we found only modest variation (95% exact CI = 70.0 to 78.0), much more than
in anxiety over time, it was markedly greatest at at either 6 hours (40.8%, 37.0-45-0) or 24 hours
12 hours: moderate—high levels affected 74.7% later (35.4%, 31-0-40-0), whereas minimal to low

114



Susanti, et al., Post-Cesarean Anxiety, Nausea, Vomiting, Pain Under Spinal Anesthesia: Trajectories and Modifiable Predictors

JKI, Vol. 29 No. 2, July 2026, 108-125

levels were least at this time-point (25.3%,22-0—
29.0) compared with both the earlier and sub-
sequent assessments after angiography; these
differences are clear-statistically speaking( non-
overlapping confidence intervals.) There was a
progressive decrease in the proportion of
patients even without PONV: 0.6% (0.0-2.0) at
6 h, 4.1% (3.0-6.0) at 12 h and 22.1% (18.0—
26.0) at 24 h and with progressively fewer pa-
tients reporting only mild PONV for each sub-
sequent time period on examination (99-4 to
95-9t077-9%). It was a similar pattern for pain:
normal-mild pain increased from 1.3% (0.6-2.7)
at 6 hours to 7.5% (5.5-10.0) at 12 hours and
then to 23.6% (20.2-27.4) at 24 hours, with the cor-
responding falls in moderate—severe pain (98.7%

to 92.5% to 76.4%) (Table 2).

Overall, three time-by-covariate interactions were
statistically significant. Firstly, for ASA I wom-
en, RINVR was significantly decreased at 12 h and
24 h compared to baseline (B = —1.427;95%
CI: —2.300 -0.554; p=0.001 and B —1.681, —2.489
to —0.873; p < 001 and B —1.482 (-2.360 to
—0.603); p <0.001) for ASA II compared to ASA
[). BMW and B —1.685, —2.484 to —0.885; p <
0.001). Second, longer preoperative fasting du-
ration was significantly associated with a low-
er RINVR score at 24 h (B = -0.103 per unit
increase, 95% CI: -0.164 to -0.041; p=0.001). All
other time-by-covariate interactions were non-
significant (Table 3

Table 2. Prevalence of STAI anxiety, RINVR PONYV, and NRS pain categories at 6, 12, and 24 hours with

95% exact Cls (N = 534)

Proportion 6h n (%) 95% CI 12h n (%) 95% CI 24h n (%) 95% CI
STAI
Minimal-Low 316 (59.2) 0.59 135 (25.3) 0.25 345 (64.5) 0.64
[0.54 to 0.63] [0.22 t0 0.29] [0.60 to 0.68]
Moderate-High 218 (40.8) 0.41 399 (74.7) 0.74 189 (35.4) 0.35
[0.37 to 0.45] [0.70 to 0.78] [0.31 to 0.40]
RINVR
No PONV 3(0.6) 0.01 22 (4.1) 0.04 118 (22.1) 0.22
[0.00 to 0,02] [0.03 to 0.06] [0.18 t0 0.26]
PONV Mild 531 (99.4) 0.99 512 95.9) 0.95 416 (77.9) 0.78
[0.98 to 0.99] [0.93 t0 0.97] [0.74 t0 0.81]
NRS
Normal-Mild 7(1.3) 1.3 40 (7.5) 7.5 126 (23.6) 23.6
[0.6t0 2.7] [5.5t0 10.0] [20.2 t0 27.4]
Moderate - 527 (98.7) 0.98 494 (92.5) 0.92 408 (76.4) 0.76
Severe [0.97 t0 0.99] [0.89 t0 0.94] [0.72 t0 0.79]

Note. 6 h/ 12 h/ 24 h: timepoints (hours) post-procedure; CI: Confidence Interval; n (%): number (percentage); NRS: Numeric Rating
Scale; RINVR: Revised Index of Nausea, Vomiting, and Retching; STAI: State—Trait Anxiety Inventory.

Table 3. Time-by-covariate effects on RINVR 6h, 12h, and 24h

Effect

. . Contrast Coefficient, B 95% CI Wald o2 p
(Baseline Time)

ASA T x Time (baseline) 6 h vs baseline 0.052 -0.128 to 0.231 0.321 0.571
12 h vs baseline -1.427 -2.300 to -0.554 10.272 0.001
24 h vs baseline -1.681 -2.489 to -0.873 16.636 <0.001

ASATI % Time (baseline) 6 h vs baseline
12 h vs baseline -1.482 -2.360 to -0.603 10.925 <0.001
24 h vs baseline -1.685 -2.484 to -0.885 17.051 <0.001
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Effect . o »

(Baseline Time) Contrast Coefficient, B 95% CI Wald y p
Sensory block height <T6 6 h vs baseline -0.053 -0.219t0 0.112 0.398 0.528
x Time (baseline) 12 h vs baseline -0.052 -0.220t0 0.116 0.364 0.546

24 h vs baseline
Sensory block height > T6 6 h vs baseline
x Time (baseline) 12 h vs baseline
24 h vs baseline -0.020 -0.171 t0 0.131 0.066 0.798
Intrathecal adjuvant No x 6 h vs baseline -0.076 -0.244 to 0.092 0.789 0.374
Time (baseline) 12 h vs baseline -0.024 -0.194 t0 0.145 0.079 0.779
24 h vs baseline -0.012 -0.164 t0 0.139 0.025 0.875
Intrathecal adjuvant Yes x 6 h vs baseline
Time (baseline) 12 h vs baseline
24 h vs baseline
Age x Time (baseline) 6 h vs baseline 0.007 -0.023 t0 0.010 0.658 0.417
12 h vs baseline <0.001 -0.016 t0 0.016 0.000 0.995
24 h vs baseline 0.004 -0.012 t0 0.019 0.226 0.635
BMI x Time (baseline) 6 h vs baseline 0.009 -0.011 t0 0.030 0.808 0.369
12 h vs baseline 0.007 -0.013 to 0.028 0.500 0.479
24 h vs baseline 0.005 -0.025 t0 0.014 0.291 0.590
Duration of operation X 6 h vs baseline 0.003 -0.003 to 0.009 1.138 0.286
Time (baseline) 12 h vs baseline 0.006 0.000t0 0.012 3.553 0.059
24 h vs baseline 0.004 -0.001 to 0.010 2.224 0.136
Duration of fasting x Time 6 h vs baseline -0.050 -0.118 t0 0.018 2.039 0.153
(baseline) 12 h vs baseline -0.015 -0.087 to 0.056 0.181 0.670
24 h vs baseline -0.103 -0.164 to -0.041 10.799 0.001

Note. 6 h/ 12 h /24 h: timepoints (hours) post-procedure; RINVR, Rhodes Index of Nausea, Vomiting, and Retching;

GEE, generalized estimating equations; CI, confidence interval

Anxiety scores (STAI) remained significantly
lower than baseline at all times after phase 1
was administered for women of ASA I and ASA
II, and slightly higher at 12 h in those without
intrathecal adjuvant. In particular, ASA I NF on
12 h was lower (B —7.17; p=0.027) and 24 h (B
—12.40; 95% CI —18.01 to —6.77; p < 0.001) and
ASA 11 had similar declines at 12 h (B —7.45; 95%
CI—-13.77 to —1.12; p=0.021) and the time 24 h (B
—11.68; 95 % CI1—17.42 to —5.94; p < 0.001). Con-
versely, absence of intrathecal adjuvant admin-
istration was associated with a greater increase
in STAI score at 12 h postoperatively compared
with the preoperative assessment (B 1.15; 95%
CI0.23 t0 2.07; p = 0.014). No other time-by-co-
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variate effects were significant (Table 4).

Only one interaction was associated with a change
in pain over time. Women with a lower sensory
block (< T6) reported slightly less pain at 6 hours
than at baseline (B —0.284, 95% CI —0.512 to
—0.057; p = 0.014). No other time-by-covariate
terms showed evidence of an effect at 6, 12, or 24
hours. One interaction was associated with chang-
es in pain over time. B women (with a lower sen-
sory block < T6) reported marginally less pain at
6 h compared with baseline (—0.284, 95% CI
—0.512 to —0.057; p = 0.014). No other time-by-
covariate terms were suggested to have a sig-
nificant effect at 6, 12, or 24 hours (Table 5).
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Table 4. Time-by-covariate effects on STAI 6 h, 12 h, and 24 h

Effect (reference) Contrast Coefficient, B 95% CI Wald y? p
ASAT x Time (baseline) 6 h vs baseline -0.156 -1.08 to 0.775 0.107 0.743
12 h vs baseline -7.172 -13.53t0 0.810 4.881 0.027
24 h vs baseline -12.396 -18.01 to -6.77 18.690 <0.001
ASA I x Time (baseline) 6 h vs baseline
12 h vs baseline -7.446 -13.770 to -1.122 5.325 0.021
24 h vs baseline -11.677 -17.415 to -5.939 15.909 <0.001
Sensory block height < T6 x 6 h vs baseline -0.019 -0.936 to 0.898 0.002 0.968
(baseline) 12 h vs baseline
24 h vs baseline 0.478 -0.401 to 1.356 1.136 0.287
Sensory block height > T6 x 6 h vs baseline 0.244 -0.632 to 1.121 0.299 0.585
Time (baseline) 12 h vs baseline
24 h vs baseline
Intrathecal adjuvant No x 6 h vs baseline 0.779 -0.096 to 1.655 3.042 0.081
Time (baseline) 12 h vs baseline 1.148 0.230 to 2.065 6.015 0.014
24 h vs baseline 0.252 -0.638 to 1.141 0.308 0.579
Intrathecal adjuvant Yes x 6 h vs baseline
Time (baseline) 12 h vs baseline
24 h vs baseline
Age x Time (baseline) 6 h vs baseline -0.044 -0.126 to 0.038 1.113 0.292
12 h vs baseline -0.062 -0.151 to 0.026 1.903 0.168
24 h vs baseline 0.004 -0.099 to 0.082 0.034 0.854
BMI x Time (baseline) 6 h vs baseline 0.078 -0.186 to 0.030 1.982 0.159
12 h vs baseline 0.016 -0.069 to 0.165 0.641 0.423
24 h vs baseline -0.005 -0.122 t0 0.111 0.008 0.930
Duration of operation X 6 h vs baseline 0.007 -0.025 to 0.039 0.200 0.654
Time (baseline) 12 h vs baseline 0.012 -0.045 to 0.021 0.514 0.474
24 h vs baseline 0.002 -0.035 to 0.030 0.022 0.883
Duration of fasting x Time 6 h vs baseline 0.003 -0.380 to 0.374 0.000 0.987
(baseline) 12 h vs baseline -0.048 -0.432 to 0.336 0.061 0.805
24 h vs baseline 0.343 -0.749 to0 0.063 2.748 0.097
Abbreviations: 6 h/ 12 h/ 24 h: timepoints (hours) post-procedure; STAI, State—Trait Anxiety Inventory; GEE, generalized
estimating equations; CI, confidence interval.
Table 5. Time-by-covariate effects on NRS 6h, 12h, and 24h
Effect . o N
(Baseline Time Level) Contrast Coefficient, B 95% CI Wald ¥ p
Age x Time (baseline 6 h vs baseline 0.008 -0.016 to 0.032 0.463 0.496
time level) 12 h vs baseline 0.017 -0.008 to 0.041 1.700 0.192
24 h vs baseline -0.016 -0.040 to 0.008 1.660 0.198
BMI x Time (baseline 6 h vs baseline -0.001 -0.028 to 0.027 0.002 0.962
time level) 12 h vs baseline -0.027 -0.059 to 0.006 2.603 0.107
24 h vs baseline -0.017 -0.047 t0 0.013 1.216 0.270
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Effect . o )
(Baseline Time Level) Contrast Coeftficient, B 95% CI Wald ¥’ p
Duration of operation X 6 h vs baseline -0.004 -0.013 to 0.004 0.965 0.326
Time (baseline time 12 h vs baseline -0.002 -0.010 to 0.006 0.231 0.631
level) 24 h vs baseline 0.002 -0.007 to 0.011 0.161 0.689
Duration of fasting x 6 h vs baseline 0.065 -0.030 to 0.159 1.802 0.179
Time (baseline time 12 h vs baseline -0.023 -0.128 to 0.081 0.194 0.660
level) 24 h vs baseline -0.058 -0.161 to 0.045 1.206 0.272
ASAT (vs ASAII) x 6 h vs baseline -1.238 -2.587 t0 0.111 3.235 0.072
Time (baseline time 12 h vs baseline 0.255 -1.768 to 1.258 0.109 0.741
level) 24 h vs baseline -1.129 -2.481 t0 0.223 2.678 0.102
Sensory block height 6 h vs baseline -0.284 -0.512 to 0.057 -5.996 0.014
<T6 (vs >T6) x Time 12 h vs baseline
(baseline time level) 24 h vs baseline 0.066 -0.173 to0 0.305 0.289 0.591
Intrathecal adjuvant Yes 6 h vs baseline -0.025 -0.256 t0 0.205 0.047 0.829
(vs No) x Time (baseline 12 h vs baseline
time level) 24 h vs baseline 0.039 -0.199 to 0.277 0.103 0.748

Note. 6 h/ 12 h/ 24 h: timepoints (hours) post-procedure; NRS, Numeric Rating Scale (pain); GEE, generalized estimating

equations; CI, confidence interval.

Discussion

We observed that (1) healthier physiological
status (ASA I-II) was associated with lower
nausea or vomiting burden over time and lower
anxiety at 12-24 h, (2) with longer pre-operative
fasting we found slightly less nausea at 24 h, (3)
no intrathecal adjuvant being used was associ-
ated with a small increment in anxiety at 12h,
and (4) a reduced sensory block level (< T6),
each after adjustment for prespecified covari-
ates using repeated-measures models (-1.4 to -
1.7 times greater likelithood of not vomiting
during the RINVR assessment period from 2 to
24 h; ASA I; -7 to -12 points on STAI across
the AMA period [ASA I-II]; +1.2 points on
STAI no adjuvant; and -0.28 cm NRS score
[except for clonidine]) all p values < 0.03).
Clinically, these patterns point to tolerable lev-
ers in a busy obstetric list, improving neuraxial
technique (including adjuvants) and streamlin-
ing pre- operative preparation to decrease early
symptom load following caesarean delivery.
Provides detailed 6-, 12-, and 24-hour symptom
profiles using validated tools (RINVR, STAI,
and NRS) among women undergoing CS under
spinal anesthesia, an area that remains un-
derrepresented in obstetric ERAC pathways
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(Caballero-Lozada et al., 2022; Huh, 2023; Liu
et al., 2025; Na, 2025). There are a number of
potential mechanisms behind these observa-
tions.

Pregnancy-related physiology (progesterone-
induced gastric hypomotility, delayed empty-
ing) as well as neuraxial sympathectomy in-
crease emetogenic risk, whereas multimodal
antiemesis and careful dosing with intrathecal
opioids may mitigate it (Kim et al., 2022; Wang
et al., 2024). Intrathecal fentanyl enhances ini-
tial surgical analgesia and attenuates afferent
nociception, possibly reducing conditioned anx-
iety at the 12-h zenith, while the absence of fen-
tanyl enhances anxiety-pain interaction (Shebl
et al., 2025). Differences in block height may
affect the sensation of visceral traction and he-
modynamic stability. A slightly lower block
that remains adequate for surgery may contrib-
ute to early postoperative pain without causing
discomfort in the upper sensory segments
(Paliwal & Khan, 2025; Zhang et al., 2025). Al-
ternative explanations may include residual
confounding by unmeasured antiemetic timing,
case urgency, or provider preference. Exposure
misclassification is unlikely because sensory
block level and intrathecal adjuvant use were
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documented contemporaneously in the clinical
record; less plausible because the time-varying
symptom trajectories were anchored to the in-
dex anesthetic exposure.

Our time course is consistent with meta-ana-
lytic data that nausea and vomiting continues to
be common around caesarean spinal anesthesia,
and one that should be proactively prevented
(Demilew et al., 2025; Huh, 2023). The corre-
lation of intrathecal adjuvants with more favor-
able symptom profiles is in accordance with tri-
als and meta-analyses, which have demonstrat-
ed that low-dose spinal opioids lower the in-
cidence of PONV and increase analgesia, pro-
vided modern antiemetic prophylaxis is used to
complement these (Hatter et al., 2025; Singh et
al., 2022). The signal of fasting reduces 24-h
nausea with prolonged fast, at odds with the
recommendation from ERAC or ERAS prac-
tice, which promotes that patients receive the
least short hours policy for clearance to clear-
fluid defers, thus circumventing patient comfort
and recovery (Na, 2025). This inconsistency
may be due to the influence of unmeasured or
residual covariates (e.g., antiemetic bundles, or
the day of oral intake reintroduction) rather than
a beneficial effect of prolonged fasting. Taken
together, our findings extend previous work by
characterizing symptom trajectories at fixed ear-
ly postoperative time points and examining time-
by-covariate effects for ASA class, fasting du-
ration, intrathecal adjuvants, and sensory block
level in routine care.

Except for the sensory-level effect, which was
small and time-limited, across sensitivity checks
in our longitudinal models, the direction and
magnitude of effects were consistent: ASA I-II
continued to be associated with lower RINVR
and lower STAI at 12-24 h; the adjuvant—anx-
iety signal persisted at 12 h. Key internal threats
in this study were: selection bias (elective ver-
sus semi-urgent patients); the possibility of in-
formation bias (symptom self-report and subjec-
tive benefit of treatments); and residual confound-
ing, including antiemetic/analgesic timing and
surgical difficulty. We addressed these limitati-
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ons with prespecified covariates, repeated mea-
sures to reduce between-person variability, and
standardized assessment time points. Current an-
esthesiology literature in obstetrics highlights
similar bias regarding block level and neuraxial
care interventions, with projected collection of sen-
sory dermatome levels and prophylaxis compo-
nents (Benjhawaleemas et al., 2024; Ravishan-
kar et al., 2025; Riiggeberg et al., 2024). Its in-
ternal validity is adequate, and the relationships
we observed seem robust (especially those with
narrow 95% ClIs that were model independent).

Our sample reflects real-world spinal anesthe-
sia for caesarean delivery across multiple hos-
pitals and a broad BMI distribution, with most
patients ASA I-II and standard intrathecal tech-
niques features common in many middle-in-
come settings and increasingly similar to ERAC
implementations globally (Ishida et al., 2025;
Karatas et al., 2025; Na, 2025; Wilson et al.,
2026). Generalization to centers with routine
intrathecal morphine, universal dual-agent anti-
emetic prophylaxis, or robust antenatal educa-
tion programs should account for these practice
differences. Translation to high-resource ERAC
programs may yield smaller absolute symptom
burdens but similar relative associations; con-
versely, units with limited antiemetics or re-
covery staffing may see larger benefits from stan-
dardizing adjuvants and pre-op preparation (Ishida
et al., 2025; Karatas et al., 2025; Wilson et al.,
2026). Implementation should adapt to local for-
mularies and workflows.

The cross-sectional repeated-measures design
precludes causal inference regarding time-by-
covariate effects; temporality is limited to the
index anesthetic, and longitudinal counterfac-
tual trajectories were not available. Symptom
measures (RINVR, STAIL, NRS) are validated
but subjective; any non-differential misclassifi-
cation will bias effects towards the null (and
differential by anxiety or education would in ei-
ther direction carry certain types of biases)
(Huh, 2023; Kim et al., 2022; Liu et al., 2025;
Zhang et al., 2025). Sampling across five hospi-
tals increases the likelihood of capturing clinical
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heterogeneity, but practice clusters (e.g., antie-
metic protocols, or timing of oral intake) may
dilute associations; although missingness at 24
h was modest, attenuated late-phase effects can-
not be excluded if sicker patients were over-re-
presented among non-responders. For the major-
ity of these, some estimates might be conser-
vative, potentially underestimating the effects
of intrathecal adjuvants and ASA classification,
although overestimation is also possible if pro-
vider preference was confounded by unmeasured
supportive practices.

First, implantation of an off-the-shelf intrathe-
cal adjuvant (e.g., low-dose fentanyl or mor-
phine based on formulary) into a protocolized
neuraxial bundle combined with dual-agent an-
tiemetic prophylaxis for obstetric neuraxial opi-
oids (Hatter et al., 2025; Singh et al., 2022;
Wang et al., 2024; Wilson et al., 2026). Second,
deploy ERAC-consistent fasting standards (sol-
ids until 6 h pre-op/clear fluids until 2 h, with
surveillance of real-world fasting durations and
early oral eating re-introduction; our “more
lengthy fast - lower 24-hrq” sign-off should not
trigger restrictive actions outside a randomized
basis (Demilew et al., 2025; Na, 2025; Riiggeberg
et al., 2024). Third, make a block-height check-
ing routine (target T4-T6) and record sensory
level/time for QI purpose documentation (Zhang
et al., 2025). These actions are implementable
within current systems of care and would likely
lower symptoms for mothers and children and
enhance early recovery.

Priorities would be pragmatic trials comparing
standardized IT adjuvant bundles versus no ad-
juvants for spinal (patient-centered outcomes at
6-12-24 h), where hybrid effectiveness imple-
mentation designs could examine fidelity and
scale-up costs (Benjhawaleemas et al., 2024; Hatter
et al., 2025; Liu et al., 2025; Wilson et al., 2026).
Longitudinal cohorts should examine how ad-
herence to fasting recommendations and timing
of oral intake interact with antiemetic bundles
to shape symptom trajectories and breastfeed-
ing success (Na, 2025; Riiggeberg et al., 2024).
Mechanistic studies relating sensory-level dynam-
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ics to visceral discomfort and hemodynamics
may explain early pain mechanisms (Zhang et al.,
2025). Pathways that include pre-operative
anxiety screening and focused education risk-
stratified for the resulting combination of high-
anxiety peaks and analgesic demands, deserve
to be studied for impact on both peak levels of
anxiety as well as analgesic requirements.

In the context of standard spinal anesthesia for cae-
sarean delivery, symptom courses were more pro-
nounced early after surgery but improved with-
in 24 h; better ASA status, intrathecal adjuvant
use and attention to sensory block level were as-
sociated with more favorable courses; a non-
intuitive fasting signal should be interpreted
cautiously. These results further endorse the use
of protocolized neuraxial bundles and ERAC-
appropriate preparation to mitigate early nausea,
anxiety, and pain. The next step is pragmatic
trials and implementation studies that can estab-
lish causality and identify scalable, resource-ap-
propriate pathways.

This study has several limitations in design, mea-
surement, data, analysis, and generalizability. The
cross-sectional repeated-measures nature of our
study (6, 12, 24 h after one anesthetic) means that
we cannot establish causal relationships; this re-
flects real-world logistics as well as ethical con-
siderations in obstetric care. All outcomes (RINVR
nausea/vomiting, STAI anxiety, NRS pain) were
self-reported, so measurement error and social
desirability/recall bias are possible, which may
attenuate true associations or, if reporting is cor-
related with unmeasured factors, exaggerate es-
timated effects. We were missing exact an-
tiemetic timing/dose and rescue analgesia dose,
as well as surgical complexity and provider pre-
ference details (residual confounding); 24-h mis-
singness was modest or analyzed with complete
cases; hence, there may be some bias. Some of
the risks we controlled for with pre-specified co-
variates, standardized time points, validated tools,
hospital-level quality control, and robust or cluster-
ed standard errors, and sensitivity checks. Effects
were directionally consistent, but less precise in
small sub-groups. Results will be most general-
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izable to similar obstetric spinal cohorts, which
lack universal intrathecal morphine and a de-
fined antiemetic regimen; caution is appropriate
when considering high-resource ERAC pro-
grams. Within such limitations, however, pro-
tocolized neuraxial adjuvants, standardized an-
tiemetic bundles, and recording of sensory block
level may represent practical targets for quality
improvement. Altogether, subsequent research
should consider multicenter longitudinal cohorts
or pragmatic RCTs with validated exposure mea-
sures and rich covariate data, with sufficient
power to investigate outcomes in the context of
a core outcome set.

Conclusion

Early recovery after CS under spinal anesthesia
was characterized by a substantial symptom bur-
den, with postoperative nausea and vomiting and
pain most prominent in the early postoperative
period, and anxiety peaking at 12 h. More favor-
able symptom trajectories were observed among
women with better American Society of Anes-
thesiologists physical status, intrathecal adju-
vant use, and lower sensory block level, where-
as the association with fasting duration should
be interpreted cautiously. Given the cross-sec-
tional design with repeated postoperative as-
sessments, these findings should be interpreted
as associations rather than causal effects. Nev-
ertheless, the results may support structured
perioperative care, including appropriate use of
intrathecal adjuvants, standardized symptom
monitoring at 6, 12, and 24 h, and close at-
tention to modifiable perioperative factors such
as sensory block level and fasting practices. These
findings may help inform symptom-focused
nursing care and protocolized postoperative re-
covery pathways after CS under spinal anesthe-
sia. Further multicenter studies are needed to val-
idate these findings and evaluate their gener-
alizability across different clinical settings.

Acknowledgements

In addition, we are grateful to Universitas Hara-
pan Bangsa for its enduring and strong backing
from day one of the project, right through to the

121

manuscript completion stage. Many thanks also
go out to the clinical, nursing, midwifery, an-
aesthesia, obstetrics, and recovery-room teams,
together with medical records and data staff at
Muhammdiyah Palembang Hospital, Banjarnegara
Islamic Hospital, Fatimah Islamic Hospital, Ke-
bumen General Hospital, and Emanuel Banjar-
negara Hospital for their conscientious profes-
sionalism in implementing research procedures.
We are grateful to the women who participated
and to their families for their faith and time.
Furthermore, we acknowledge facilitation by
site leads and hospital administrators, as well as
guidance provided by local ethics and quality-
assurance committees that helped ensure safe
and responsible conduct.

Data Availability Statement

The data underlying this study are available
from the corresponding author upon reasonable
request, subject to institutional and ethical ap-
proval.

Author Contributions

Indah Susanti: Conceptualization, Methodol-
ogy, Data Curation, Project Administration,
Writing - Original Draft, and Writing - Review
& Editing. Eza Kemal Firdaus: Investigation,
Resources, Project Administration. Septian
Mirova Sebayang: Formal Analysis, Valida-
tion, and Data Curation. Amelia Andini: Vali-
dation, Writing — Review and Editing. Alicia
Dumes Berg: Investigation, Validation, and
Writing - Review & Editing. Margaret At-
wood: Literature Synthesis, Interpretation of
Findings, Validation, and Writing - Review &
Editing. Rantiningsih Sumarni: Investigation,
Validation, Project Administration, and Review
& Editing. Mesya Mesya: Investigation, Re-
sources, and Data Curation. Asmat Burhan:
Supervision, Conceptualization, Methodology,
Formal Analysis, Validation, and Writing - Re-
view & Editing.

Funding Information

No external funding was received for this study;



Susanti, et al., Post-Cesarean Anxiety, Nausea, Vomiting, Pain Under Spinal Anesthesia: Trajectories and Modifiable Predictors

JKI, Vol. 29 No. 2, July 2026, 108-125

the work was conducted without dedicated fi-
nancial support from public, commercial, or not-
for-profit agencies.

References

Adha, F.R., & Komalasari, D.R. (2024). Validity
and reliability of the numeric rating scale in
non-myogenic low back pain patients.
Academic Physiotherapy Conference
Proceeding, 414-422. Retrieved from:
https://proceedings.ums.ac.id/apc/article/vie
w/4396.

American Society of Anesthesiologists. (2025).
American Society of Anesthesiologists
statement on ASA  Physical Status
Classification System. Anesthesiology Open,
1 (1), €0002.
10.1097/A09.0000000000000002.

Barud, A.A., Ali, 1.A., Hilowle, N.M., Hassan,
H.B., & Osman, .M. (2025). Incidence and
risk factors of hypotension in cesarean
section patients under spinal anesthesia at a
referral hospital in Mogadishu, Somalia.
BMC Pregnancy and Childbirth, 25, 883. doi:
10.1186/512884-025-08024-x.

Benjhawaleemas, P., Sakolnagara, B.B.N.,
Tanasansuttiporn, J., Chatmongkolchart, S.,
& Oofuvong, M. (2024). Risk prediction
score for high spinal block in patients

undergoing cesarean delivery: A
retrospective cohort study. BMC
Anesthesiology, 24, 406. doi;

10.1186/s12871-024-02799-w.

Betran, A.P., Ye, J., Moller, A.-B., Souza, J.P., &
Zhang, J. (2021). Trends and projections of
caesarean section rates: Global and regional
estimates. BMJ Global Health, 6 (6),
e005671. doi: 10.1136/bmjgh-2021-005671

Caballero-Lozada, AF., Goémez, IM,,
Torres-Mosquera, A., Gonzalez-Carvajal, A,
Marin-Prado, A., Zorrilla-Vaca, A., Zhao, X., &
Li, J. (2022). Impacts of intrathecal fentanyl on
the incidence of postoperative nausea/vomiting:
Systematic review and meta-analysis of
randomized studies. Journal of Anaesthesiology

122

Clinical Pharmacology, 38 (3), 391-398. doi:
10.4103/joacp.joacp 443 20

Charan, J., & Biswas, T. (2013). How to calculate
sample size for different study designs in
medical research? Indian Journal of
Psychological Medicine, 35 (2), 121-126.
doi: 10.4103/0253-7176.116232.

Demilew, B.C., Zurbachew, N., Getachew, N.,
Mekete, G., & Teshome, D. (2025).
Prevalence and associated factors of
intraoperative nausea and vomiting of
mothers who gave birth with cesarean section
under regional anesthesia: A systematic
review and meta-analysis; 2023. BMC
Pregnancy and Childbirth, 25, 244. doi:
10.1186/s12884-025-07363-z.

Faul, F., Erdfelder, E., Buchner, A., & Lang, A.-G.
(2009). Statistical power analyses using

G*Power 3.1: Tests for correlation and
regression analyses. Behavior Research
Methods, 41, 1149-1160. doi:

10.3758/BRM.41.4.1149.

Gerbershagen, H.J., Rothaug, J., Kalkman, C.J., &
Meissner, W. (2011). Determination of
moderate-to-severe postoperative pain on the
numeric rating scale: A cut-off point analysis
applying four different methods. British
Journal of Anaesthesia, 107 (4), 619-626.
doi: 10.1093/bja/aer195.

Hannola, K., Hoppu, S., Mennander, S., Huhtala,
H., Laivuori, H., & Tihtonen, K. (2021).
Obstetric early warning system to predict
maternal morbidity of pre-eclampsia,
postpartum hemorrhage and infection after
birth in high-risk women: A prospective
cohort study. Midwifery, 99, 103015. doi:
10.1016/j.midw.2021.103015.

Hatter, K.H., Shugart, N.W., Paladugu, N., Nitchie,
H., Wolf, B., & Hebbar, L. (2025). Low dose
intrathecal morphine for post-cesarean
analgesia with scheduled multimodal pain
regimen: A prospective, randomized, open
blinded end-point study. [International
Journal of Obstetric Anesthesia, 62, 104361.
doi: 10.1016/j.ij0a.2025.104361.


https://proceedings.ums.ac.id/apc/article/view/4396
https://proceedings.ums.ac.id/apc/article/view/4396
https://doi.org/10.1097/AO9.0000000000000002
https://doi.org/10.1186/s12884-025-08024-x
https://doi.org/10.1186/s12871-024-02799-w
https://doi.org/10.1136/bmjgh-2021-005671
https://doi.org/10.4103/joacp.joacp_443_20
https://doi.org/10.4103/0253-7176.116232
https://doi.org/10.1186/s12884-025-07363-z
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1093/bja/aer195
https://doi.org/10.1016/j.midw.2021.103015
https://doi.org/10.1016/j.ijoa.2025.104361

Susanti, et al., Post-Cesarean Anxiety, Nausea, Vomiting, Pain Under Spinal Anesthesia: Trajectories and Modifiable Predictors

JKI, Vol. 29 No. 2, July 2026, 108-125

Higashi, M., Shirozu, K., Sumie, M., Ando, T.,
Akasaka, T., Yumoto, Y., Hojo, S., &
Yamaura, K. (2025). Prevention of spinal
anaesthesia-induced  hypotension  during
caesarean section using noninvasive cardiac
output monitoring: A randomised clinical
trial. European Journal of Anaesthesiology
Intensive  Care, 4 (5), ¢0086. doi:
10.1097/EA9.0000000000000086.

Huh, H. (2023). Postoperative nausea and vomiting
in spinal anesthesia. Korean Journal of
Anesthesiology, 76 (2), 87-88. doi:
10.4097/kja.23157.

Ibrahem, A.F., Melkie, T.B., Filatie, T.D., Tegegne,
B.A., & Admassie, B.M. (2024). Practice of
enhanced recovery after cesarean delivery in
resource-limited setting. Annals of Medicine
&  Surgery, 86 (1), 139-145. doi:
10.1097/MS9.0000000000001571.

Ishida, A., Ida, M., Kinomoto, A., Naito, Y., &
Kawaguchi, M. (2025). Association of
preoperative anxiety and depression with
quality of recovery after caesarean delivery:
A prospective observational study. JA4
Clinical Reports, 11, 19. doi:
10.1186/s40981-025-00782-z.

Kang, H. (2021). Sample size determination and
power analysis using the G*Power software.
Journal of Educational Evaluation for Health
Professions, 18, 17. doi:
10.3352/jeehp.2021.18.17.

Karatas, S.S., Bulut, 0.K., & Oner, S.F. (2025). The
effect of different information methods on
patients’ anxiety and preference for spinal
versus general anesthesia in a Turkish cohort
of women scheduled for cesarean delivery: A

prospective observational study.
International ~ Journal — of  Obstetric
Anesthesia, 63, 104689. doi:

10.1016/j.10a.2025.104689.

Kim, J.-H., Kim, N., Lee, S.-K., & Kwon, Y.-S.
(2022). Effect of pregnancy on postoperative
nausea and vomiting in female patients who
underwent nondelivery surgery: Multicenter
retrospective cohort study. [International
Journal of Environmental Research and

Public Health, 19 (22), 15132. doi:

123

10.3390/ijerph192215132.

Kim, T.H., Choi, B.M., Chin, J.H., Lee, M.S., Kim,
D.H., & Noh, G.J. (2007). The reliability and
validity of the rhodes index of nausea,
vomiting and retching in postoperative
nausea and vomiting. Korean Journal of
Anesthesiology, 52 (6), S59-S65. doi:
10.4097/kjae.2007.52.6.S59.

Liang, K.-Y., & Zeger, S.L. (1986). Longitudinal
data analysis using generalized linear models.
Biometrika, 73 (1), 13-22.  doi:
10.1093/biomet/73.1.13.

Liu, Y., Zhong, H., Dai, Z., Huang, Y., Liu, Y., He,
H., Liao, Y., & Liu, W. (2025). Predicting
postoperative nausea and vomiting after
cesarean section: A nomogram model
combined with gastric ultrasound. BMC
Anesthesiology, 25, 64. doi: 10.1186/s12871-
025-02936-z.

Lorato, S.S., Agide, F.D., Getahun, G.K., Seid, K.,
Wondimagne, Y.A., Desalegn, M., Rundasa,
D.T., Godie, Y., Yadate, T., Wolde, Y., &
Bogale, E.K. (2025). Incidence and
predictors of post spinal anesthesia-induced
hypotension for cesarean section in Ethiopia:
A systematic review and meta-analysis.
Perioperative Care and Operating Room
Management, 40, 100541. doi:
10.1016/j.pcorm.2025.100541.

Na, H.-S. (2025). Optimizing maternal recovery:
Insights into enhanced recovery after
cesarean delivery. Anesthesia and Pain
Medicine, 20 (2), 101-108. doi:
10.17085/apm.25211.

Paliwal, N., & Khan, LA. (2025). Exploring
variability in spinal anesthesia levels
achieved during cesarean section deliveries:
A narrative review. Cureus, 17 (7), e88429.
doi: 10.7759/cureus.88429.

Ravishankar, N., Kalingarayar, S., & Govarthanan,
S. (2025). Comparison of perioperative
single-dose systemic dexamethasone versus
placebo for prolongation of postoperative
analgesia in term parturients undergoing
cesarean section under spinal anesthesia.


https://doi.org/10.1097/EA9.0000000000000086
https://doi.org/10.4097/kja.23157
https://doi.org/10.1097/MS9.0000000000001571
https://doi.org/10.1186/s40981-025-00782-z
https://doi.org/10.3352/jeehp.2021.18.17
https://doi.org/10.1016/j.ijoa.2025.104689
https://doi.org/10.3390/ijerph192215132
https://doi.org/10.4097/kjae.2007.52.6.S59
https://doi.org/10.1093/biomet/73.1.13
https://doi.org/10.1186/s12871-025-02936-z
https://doi.org/10.1186/s12871-025-02936-z
https://doi.org/10.1016/j.pcorm.2025.100541
https://doi.org/10.17085/apm.25211
https://doi.org/10.7759/cureus.88429

Susanti, et al., Post-Cesarean Anxiety, Nausea, Vomiting, Pain Under Spinal Anesthesia: Trajectories and Modifiable Predictors

JKI, Vol. 29 No. 2, July 2026, 108-125

Cureus, 17 (8), €90011. doi:

10.7759/cureus.90011.

Rubin, D.B. (1987). Multiple imputation for nonre-
sponse in surveys (1st edition). Wiley Online
Library.

Riiggeberg, A., Meybohm, P., & Nickel, E.A.
(2024). Preoperative fasting and the risk of
pulmonary aspiration—A narrative review of
historical concepts, physiological effects, and
new perspectives. BJA Open, 10, 100282.
doi: 10.1016/j.bjao.2024.100282.

Setiawati, Y., Wahyuhadi, J., Joestandari, F.,
Maramis, M.M., & Atika, A. (2021). Anxiety
and resilience of healthcare workers during
COVID-19 pandemic in Indonesia. Journal
of Multidisciplinary Healthcare, 14, 1-8. doi:
10.2147/JMDH.S276655.

Shebl, M.A., Toraih, E., Shebl, M., Tolba, A.M.,
Ahmed, P., Banga, H.S., Orz, M., Tammam,
M., Saadalla, K., Elsayed, M., Kamal, M.,
Abdulla, M., Eldessouky, A.l, Moustafa,
Y.T., Mohamed, O.A., & Aiash, H. (2025).
Preoperative anxiety and its impact on
surgical outcomes: A systematic review and
meta-analysis. Journal of Clinical and
Translational Science, 9 (1), e33. doi:
10.1017/cts.2025.6.

Singh, N.P., Makkar, J.K., Jafra, A., Verma, P., &
Singh, P.M. (2022). The effect of two groups
of intrathecal fentanyl doses on analgesic
outcomes and adverse effects in parturients
undergoing cesarean delivery: A systematic
review and meta-analysis of randomized
controlled trials with trial sequential analysis.
International  Journal  of  Obstetric
Anesthesia, 50, 103270. doi:
10.1016/j.1j0a.2022.103270.

Sultan, P., Monks, D.T., Sharawi, N., Bamber, J.,
Panelli, D.M., Sauro, K.M., Shah, P.S.,
Muraca, G.M., Metcalfe, A., Wood, S.L.,
Jago, C.A., Daly, S., Blake, L.E.A., Macones,
G.A., Caughey, A.B., Wilson, RD., &
Nelson, G. (2025). Guidelines for
postoperative care in cesarean delivery:
Enhanced recovery after surgery society
recommendations (part 3)-2025 update.
American  Journal of Obstetrics and

124

Gynecology, 233 (6), S184-S198. doi:

10.1016/j.2j02.2025.01.038.

Tluczek, A., Henriques, J.B., & Brown, R.L. (2009).
Support for the reliability and validity of a
six-item state anxiety scale derived from the
state-trait anxiety inventory. Journal of
Nursing Measurement, 17 (1), 19-28. doi:
10.1891/1061-3749.17.1.19.

Verbeeck, J., Geroldinger, M., Thiel, K., Hooker,
A.C., Ueckert, S., Karlsson, M., Bathke,
A.C., Bauer, J.W. Molenberghs, G., &
Zimmermann, G. (2023). How to analyze
continuous and discrete repeated measures in
small-sample cross-over trials? Biometrics,
79 4), 3998-4011. doi:
10.1111/biom.13920.

Von, E.E., Altman, D., Egger, M., Pocock, S.,

Gotzsche, P., & Vandenbroucke, J. (2007).

The strengthening the reporting of

observational studies in epidemiology

(strobe) statement: Guidelines for reporting

observational studies. Journal of Clinical

Epidemiology, 61 (4), 344-349. doi:

10.1016/j.jclinepi.2007.11.008.

Walker, M., Sobel, M., Siddiqi, N., Carvalho,
J.C.A,, Jahan, N, Santini, S., Watts, N., Dart,
K., Wang, S., Huszti, E., & Thomas, J.
(2025). Implementation of enhanced
recovery after surgery for caesarean delivery:
A quality improvement initiative. BMJ Open
Quality, 4  (3), ¢003391. doi:
10.1136/bmjoq-2025-003391.

Wang, L., Huang, J., Hu, H., Chang, X., & Xia, F.
(2024). Commonly used antiemetics for
prophylaxis of postoperative nausea and
vomiting after caesarean delivery with
neuraxial morphine: a network meta-
analysis. British Journal of Anaesthesia, 132
(6), 1274-1284. doi:
10.1016/j.bja.2024.03.010.

White, L.R., Royston, P., & Wood, A.M. (2011).
Multiple imputation using chained equations:
Issues and guidance for practice. Statistics in
Medicine, 30 (4), 377-399. doi:
10.1002/sim.4067.

WHO. (2021). Caesarean section rates continue to rise,


https://doi.org/10.7759/cureus.90011
https://doi.org/10.1016/j.bjao.2024.100282
https://doi.org/10.2147/JMDH.S276655
https://doi.org/10.1017/cts.2025.6
https://doi.org/10.1016/j.ijoa.2022.103270
https://doi.org/10.1016/j.ajog.2025.01.038
https://doi.org/10.1891/1061-3749.17.1.19
https://doi.org/10.1111/biom.13920
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1136/bmjoq-2025-003391
https://doi.org/10.1016/j.bja.2024.03.010
https://doi.org/10.1002/sim.4067

Susanti, et al., Post-Cesarean Anxiety, Nausea, Vomiting, Pain Under Spinal Anesthesia: Trajectories and Modifiable Predictors

JKI, Vol. 29 No. 2, July 2026, 108-125

amid growing inequalities in access. Retrieved
from: https://www.who.int/news/item/16-06-
2021-caesarean-section-rates-continue-to-
rise-amid-growing-inequalities-in-access.

WHO. (2025a). Maternal mortality. Retrieved
from: https://www.who.int/news-room/fact-
sheets/detail/maternal-mortality.

WHO. (2025b). Trends in maternal mortality 2000
to 2023: Estimates by WHO, UNICEF,
UNFPA, World Bank Group, and
UNDESA/Population  Division. Retrieved
from:
https://www.who.int/publications/i/item/978
9240108462.

Wilson, R.D., Monks, D.T., Sharawi, N., Bamber,
J., Panelli, D.M., Sauro, K.M., Shah, P.S.,
Muraca, G.M., Metcalfe, A., Wood, S.L.,
Jago, C.A., Daly, S., Blake, L.E.A., Macones,
G.A., Caughey, A.B., Sultan, P., & Nelson,
G. (2026). Guidelines for antenatal and
preoperative care in cesarean delivery:
Enhanced Recovery After Surgery Society
recommendations (part 1)—2025 update.

125

American  Journal of Obstetrics and
Gynecology, 233 (6), S153-S169. doi:

10.1016/j.aj02.2025.01.014.

Zahroh, R.I., Hazfiarini, A., Martiningtyas, M.A.,

Ekawati, F.M., Emilia, O., Cheong, M.,
Betran, A.P., Homer, C.S., & Bohren, M.A.
(2024). Rising caesarean section rates and
factors affecting women’s decision-making
about mode of birth in Indonesia: A
longitudinal qualitative study. BMJ Global
Health, 9 (6), €014602. doi: 10.1136/bmjgh-
2023-014602.

Zhang, J., Che, J., Sun, X, Li, Y., & Ren, W.

(2025). Analysis of the risk difference in
post-spinal anesthesia hypotension between
primiparas and multiparas in cesarean
section. Frontiers in Surgery, 12, 1617342,
doi: 10.3389/fsurg.2025.1617342.

Zou, G. (2004). A modified poisson regression

approach to prospective studies with binary
data. American Journal of Epidemiology, 159
(7), 702-706. doi: 10.1093/aje/kwh090.


https://www.who.int/news/item/16-06-2021-caesarean-section-rates-continue-to-rise-amid-growing-inequalities-in-access
https://www.who.int/news/item/16-06-2021-caesarean-section-rates-continue-to-rise-amid-growing-inequalities-in-access
https://www.who.int/news/item/16-06-2021-caesarean-section-rates-continue-to-rise-amid-growing-inequalities-in-access
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality
https://www.who.int/news-room/fact-sheets/detail/maternal-mortality
https://www.who.int/publications/i/item/9789240108462
https://www.who.int/publications/i/item/9789240108462
https://doi.org/10.1016/j.ajog.2025.01.014
https://doi.org/10.1136/bmjgh-2023-014602
https://doi.org/10.1136/bmjgh-2023-014602
https://doi.org/10.3389/fsurg.2025.1617342
https://doi.org/10.1093/aje/kwh090

