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ABSTRACT

Introduction: Spinal anesthesia (SA) is widely used for lower abdominal and limb surgeries due to its rapid onset and
favorable safety profile. However, because of sympathetic blockade, it frequently results in bradycardia and
hypotension, increasing the risk of perioperative complications and postoperative nausea and vomiting (PONV).
Intrathecal atropine has shown potential as an adjuvant to counteract these effects and improve anesthesia
outcomes. This review evaluates current evidence on the safety and efficacy of intrathecal atropine in SA.

Methods: MEDLINE, EMBASE, CENTRAL, Scopus, ProQuest, and Google Scholar were searched for randomized
controlled trials published in English up to April 2025 on intrathecal atropine as an adjuvant in SA. The primary
outcome was PONV; secondary outcomes included sensory block onset, postoperative pain, and adverse effects.
Risk of bias was assessed using the Cochrane RoB 2.0 tool.

Results: Five RCTs involving 584 patients were included. Intrathecal atropine significantly reduced the incidence and
severity of PONV in most studies (P < 0.05). However, it did not show significant effects on postoperative pain scores,
sensory block onset, or hemodynamic parameters compared to control or other adjuvants. Adverse effects were
generally mild and comparable across groups, though one study reported a higher incidence of pruritus with atropine
(P < 0.001). No serious complications were observed. Nonetheless, study limitations included small sample sizes,
non-standardized outcomes, and single-center designs with limited follow-up.

Conclusions: Intrathecal atropine may reduce PONV after SA without serious adverse effects. However, its impact
on pain, sensory block, and hemodynamics remains uncertain, warranting further large-scale, standardized trials.

Abbreviations: GA: general anesthesia, RCT: randomized controlled trial, SA: Spinal anesthesia, PONV: postoperative
nausea and vomiting

Keywords: Adjuvant; Atropine; Complications; Intrathecal, Outcome; PONV; Postoperative Nausea and Vomiting;
Spinal Anesthesia
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1. INTRODUCTION

Spinal anesthesia (SA), also known as a subarachnoid
block, remains one of the most commonly used
techniques in regional anesthesia, especially for
surgeries involving the lower abdomen, pelvis, and
lower limbs." Its frequent use is supported by several
well-known advantages, including rapid onset, reliable
sensory and motor blockade, and better postoperative
outcomes such as a lower incidence of nausea, vomiting,
and respiratory depression when compared to general
anesthesia (GA).> However, it is also linked to
hemodynamic adverse effects such as hypotension and
bradycardia. These effects are caused by a
sympathovagal imbalance that occurs from the blockade
of the sympathetic nervous system and a relative increase
in parasympathetic tone, which can be particularly
concerning in patients with high block levels or limited
cardiovascular  reserve, potentially  increasing
perioperative risk.>* In addition to cardiovascular
effects, this sympathetic blockade-induced hypotension
has also been linked to an increased risk of postoperative
nausea and vomiting (PONV), which can further affect
patient comfort and recovery.’

Pharmacologic adjuvants administered intrathecally
alongside SA have garnered increasing interest as a
solution to these concerns. These agents aim to enhance
the quality of analgesia during surgery, prolong the
duration of anesthesia, and minimize the unwanted
physiological effects.® Among these options, atropine
has gained particular attention. While it’s traditionally
been used intravenously to manage bradyarrhythmias,
atropine is a well-understood antimuscarinic agent.
When administered intrathecally, it is thought to work by
blocking muscarinic acetylcholine receptors in the spinal
cord, which may reduce excessive vagal activity without
causing significant systemic adverse effects.”

Although early findings have shown promise, the current
research on intrathecal atropine varies greatly in terms of
study design, patient characteristics, and outcome
measures. Because of this variability, its true clinical
value remains uncertain. Therefore, this review aims to
evaluate the available evidence on the use of intrathecal
atropine as an adjuvant to SA, focusing on both its safety
and efficacy. By bringing together the findings from
different clinical studies, this review endeavors to
provide useful insights for clinical practice and highlight
areas where further research is needed.
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2. METHODOLOGY

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to evaluate the efficacy and safety
of intrathecal atropine as an adjuvant in SA. There was
no need for formal ethical approval because the review
was based only on previously published research and did
not directly involve any patient participation.’

2.1. Study Identification and Eligibility
Criteria

A comprehensive literature search was conducted to find
studies that evaluate the use of intrathecal atropine as an
adjuvant in SA. This search covered all publications
available up to April 2025 and included multiple
electronic databases such as MEDLINE ([PubMed]),
Embase (OVID), Cochrane Central Register of
Controlled Trials (CENTRAL), Scopus, and ProQuest.
To make sure no important studies were missed, we also
manually searched Google Scholar alongside the
database searches. The literature search was carefully
structured using the PICO framework to maintain clarity
and precision. We combined keywords ‘“atropine,”
“atropine sulfate,” “intrathecal,” and “spinal anesthesia”
using Boolean operators to get the most relevant results.
The search focused on:

e Population (P): Adults aged 18 and older
undergoing SA for any type of surgery

e Intervention (I): Use of intrathecal atropine as an
adjuvant

e  Comparison (C): Other adjuvant agents
e Qutcomes (O):
e Primary: Incidence of PONV

e Secondary: Levels of postoperative pain,
hemodynamic parameters, onset time to sensory
block, and any adverse effects reported

Studies were eligible for inclusion if they were
randomized controlled trials (RCTs) involving human
participants, published in English, and accessible in full-
text format. Studies were excluded if they were non-
RCTs (such as reviews, case reports, or animal/in vitro
studies), did not mention atropine as an intrathecal
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Figure 1. PRISMA Flow diagram of included and excluded studies. CENTRAL, Cochrane Central Register of Controlled Trials.

adjuvant, or lacked a comparison group. To ensure
thoroughness, the reference lists of relevant articles were
also screened manually. The search strategy is described
in Supplementary File 1.

2.2. Data Collection

All records identified through the database searches were
compiled and organized using Rayyan software. After
removing duplicate entries, reviewers carefully reviewed
the titles and abstracts to see which studies were relevant
to the review. Full-text articles were then retrieved for
studies that appeared to meet the eligibility criteria or
required further evaluation. These full texts were
reassessed in detail based on the predefined inclusion
and exclusion criteria. If there were any differences in
interpretation during the selection process, they were
resolved through thoughtful discussion until agreement
was reached. In cases where essential data were missing
or unclear, study authors were contacted directly to
request further information. For all studies that met the
final inclusion criteria, data were extracted using a
standardized form. This form captured key information
such as the study’s publication year, author(s), country,
number of participants, mean age, type of surgery,
characteristics of the intervention, duration of follow-up,
and reported clinical outcomes.

2.3. Risk of Bias Assessment

All studies included in this systematic review were
evaluated for potential risk of bias according to their
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study design. Each study was independently reviewed by
all members of the research team. To assess the quality
and reliability of the evidence, the updated Cochrane
Risk of Bias Tool for Randomized Trials (RoB 2.0) was
used.'® In cases where there were differences in scoring
between reviewers, any disparities were settled by
discussion.

3. RESULTS

3.1. Study Selection

After a comprehensive search of five major databases
(MEDLINE, Embase, CENTRAL, Scopus, and
ProQuest), 1,113 records were identified. After
removing 113 duplicates, 1,018 records were screened.
Based on title and abstract review, 649 were excluded,
and 363 full-text articles could not be retrieved. Six
articles were assessed in detail, with two excluded due to
lack of full text, resulting in four studies meeting the
inclusion criteria. An additional search through Google
Scholar identified 32 records; after title screening and
eligibility assessment, one further study was included. In
total, five randomized controlled trials were included in
this review.!""! The study selection process is illustrated
in Figure 1.

3.2. Study characteristics

The five included studies were all RCTs published in
three different countries between 2011 and 2025: Egypt
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Figure 2: Cochrane risk of bias summary in included
studies.

[Legend: Green Circle, Low Risk of Bias; Yellow
Circle, Unclear Risk of Bias; Red Circle, High Risk of
Bias]

(three studies),’*!* India (one study),'? and Italy (one
study).'! The study included 584 patients who underwent
elective surgery under SA. Of these, 242 patients
received intrathecal atropine, 160 received other
adjuvants such as dexamethasone, ondansetron, or
metoclopramide, 67 received intravenous atropine, and
115 received normal saline. The surgical procedures
included cesarean section (three studies),'’'>!* perineal
surgery (one study),'> and lower abdominal surgery (one
study).'?> The postoperative follow-up duration ranged
from 12 to 24 hours. Detailed characteristics of the
included studies are summarized in Table 1. Risk of bias
assessment using the Cochrane RoB 2.0 tool showed that
most studies had a low risk of bias (Figure 2).

3.3. Incidence of PONV

The effect of intrathecal atropine on PONV was
assessed in five studies,'' "> which included 584
patients in total (242 in the intrathecal atropine
group, 227 in the comparator group, and 115 in the
control group), evaluated the effect of intrathecal
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atropine on PONV. Baciarello et al. (2011) showed
significantly lower PONV incidence with
intrathecal atropine (15%) compared to intravenous
atropine (37%) and normal saline (49%) (P <0.001,
respectively).!! Abdalla et al. (2019), using a 4-
point scale (0: no nausea/vomiting; 1: mild, not
requesting rescue; 2: moderate, requesting
pharmacologic rescue; 3: severe, resistant to
pharmacologic treatment), found that both nausea
and vomiting scores were significantly reduced in
the dexamethasone—atropine group (P = 0.025 and
0.013 for nausea vs dexamethasone and atropine
monotherapy, respectively; P =0.021 and 0.041 for
vomiting)."?

Turai et al. (2019), who applied a simplified
grading system (Grade 1: >2 episodes/hour; Grade
2: >3 episodes/15 minutes), reported significant
reductions in PONV incidence at 0—6 h and 612 h
postoperatively in the intrathecal atropine group (P
=0.001)."” Farahat et al. (2019) found no significant
differences in early nausea scores using a 3-point
scale (0: none; 1: nausea; 2: nausea and vomiting);
however, atropine significantly reduced late nausea
scores (P = 0.005).'

Using the same 4-point rating system as Abdalla et
al., Soliman et al. (2023) found that the atropine
group had lower nausea and vomiting scores (P =
0.049 and 0.027, respectively).”” Overall,
intrathecal atropine significantly reduced the
incidence and severity of PONV, as shown in Table
2.

3.4. Postoperative Pain

Three studies used visual analogue scale (VAS) scores
to assess the analgesic efficacy of different interventions.
Using area under the curve (AUC) to measure pain
intensity over a period of 0—12 hours, Baciarello et al.
(2011) found no significant difference between
intrathecal atropine, intravenous atropine, and normal
saline groups (P = 0.935).!' Abdalla et al. (2019)
reported no significant differences between atropine,
dexamethasone, and atropine + dexamethasone groups
pairwise (all P > 0.05).13

Farahat et al. (2019) assessed VAS scores on a
categorical scale and found no significant difference
between atropine and metoclopramide groups (P =
1.00)."* As shown in Table 3, no study found a
statistically significant difference in the outcomes of
early postoperative pain among the interventions that
were evaluated.
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‘ Table 1: Comparative results of the studies with the main outcome as nausea/vomiting

Study Outcome Results (n (%)) Effect
[ ot Joaco | %O

P-value

Baciarello et al.l'! PONV 10 (15) 24 (37) 33 (49) I: 0.28 (0.15- | PIC1: <
0.53) 0.001*
C1:0.75 PICG: <
(0.50-1.12) 0.001*
Abdalla et al.l'¥ Nausea Grade 1: 8 Grade 1: 1 Grade 2: 7 N/A PIC1: 0.013%;
(20) (2.5) (17.5) PIC2: 0.778;
PC1C2:
0.025*
Vomiting Grade 1: 4 0 (0) Grade 1: 5 N/A PIC1: 0.041%;
(10) (12.5) PIC2: 0.728;
pPCic2:
0.021*
Farahat et al.l'¥ Early Nausea 0:11(36.7); | 0:10(33.3); | N/A N/A 0.933
Score 1: 14 (46.7); | 1:1 (46.7);
2:5(16.6) 2: 6 (20)
Late Nausea Score | 0: 13 (43.3); | 0: 3 (10); N/A N/A 0.005*
1: 15 (50); 1: 19 (63.3);
2:2(6.7) 2:8(26.7)
Turai et al.l'? PONV 0-6 h: 14 N/A 0-6h: 33 (66); | N/A 0-6 h: 0.001%;
(28); 6-12h: 32 6-12 h:
6-12 h: 14 (64); 0.001%;
(28); 12-18h: 18 12-18 h:
12-18 h: 10 (36) 0.074;
(20) 18-24h: 10 18-24 h:
18-24 h: 8 (20) 0.271
(16)
Soliman et al.['% Nausea Grade 1: 1 Grade 1:6 N/A N/A 0.049*
(2); (12);
Grade 2: 1 Grade 2: 3
(2) (6)
Vomiting 0 (0) Grade 1: 5 N/A N/A 0.027*
(10);
Grade 2: 1
(2
I, Intervention; C1: Comparator 1; C2: Comparator 2; CG, Control Group; IT, Intrathecal; IV, Intravenous; N/A, Not Available;
PONYV, Postoperative Nausea and Vomiting; VAS, Visual Analog Scale; P < 0.05 considered as significant; PIC1= P-value
between | and C1; PIC2 = P-value between | and C2; PC1C2 = P-value between C1 and C2

3.5. Hemodynamic Parameters

In one study, Abdalla et al. (2019) evaluated the effect of
intrathecal atropine on hemodynamic parameters over 24
hours postoperatively.!* The results showed no
significant differences in systolic blood pressure (SBP),
diastolic blood pressure (DBP), mean blood pressure
(MBP), or heart rate (HR) between the atropine,
dexamethasone, and atropine + dexamethasone groups
pairwise (all P > 0.05), as shown in Table 4.
Additionally, Soliman et al. (2023) compared intrathecal
atropine with intravenous ondansetron in terms of MBP
and HR based on graphical data; no significant
difference was reported.'> Due to the absence of

www.apicareonline.com

extractable numerical values,

Soliman’s

data on

800

hemodynamic parameters were not included in the
quantitative synthesis.

3.6. Onset of Sensory Block

Two studies evaluated the time to sensory block
following spinal anesthesia, with or without intrathecal
atropine. Abdalla et al. reported no statistically
significant differences in sensory block onset time
between the atropine, dexamethasone, and atropine +
dexamethasone groups, with all pairwise comparisons
showing P > 0.05."* Similarly, Turai et al. found no
significant difference between the intrathecal atropine
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Table 2: Comparative results of the studies using bupivacaine + morphine or fentanyl, with the main
outcome as PONV, VAS etc.

Author Type of Intervention | Comparator Comparator Outcome
(Country, | Participants Surgery 2/Control
vea) [ Jou e
Baciarello 72 | 67 65 Cesarean 12.5 mg 0.5% 12.5 mg 0.5% 12.5 mg 0.5% PONV,
et al." section hyperbaric hyperbaric hyperbaric Hemodynamic
(Italy, bupivacaine + bupivacaine + bupivacaine + Parameter,
2011) 200 pg 200 pg morphine | 200 ug morphine | Adverse Effect
morphine + + 100 pg IV + Normal Saline
100 ug IT atropine
atropine
Abdalla et 40 | 40 40 Cesarean 10 mg 0.5% 10 mg 0.5% 10 mg 0.5% PONV, VAS
al.l"d section hyperbaric hyperbaric hyperbaric Score,
(Egypt, bupivacaine + bupivacaine + bupivacaine + Hemodynamic
2019) 200 pg 200 ug morphine | 200 pug morphine | Parameter, Onset
morphine + +100 ug IT +8mg IV of Sensory Block,
100 ug IT atropine + 8 mg Dexamethasone | Adverse Effect
atropine \%
Dexamethasone
Farahat et 30 | 30 N/A Cesarean 12.5 mg 0.5% 12.5 mg 0.5% N/A PONV, VAS
al.l" section hyperbaric hyperbaric Score,
(Egypt, bupivacaine + bupivacaine + 25 Hemodynamic
2019) 25 pg fentanyl ug fentanyl + 10 Parameter,
+100 pg IT mg IV Adverse Effect
atropine Metoclopramide
Turai et 50 | N/A | 50 Lower 15 mg 0.5% N/A 15 mg 0.5% PONV, Onset of
al.l'2 abdominal | hyperbaric hyperbaric Sensory Block,
(India, surgery bupivacaine + bupivacaine + Adverse Effect
2019) 200 pg 200 pg morphine
morphine + + Normal Saline
100 ug IT
atropine
Solimanet | 50 | 50 N/A Perineal 10 mg 0.5% 10 mg 0.5% N/A PONV,
al.l"s! surgery hyperbaric hyperbaric Hemodynamic
(Egypt, bupivacaine + bupivacaine + Parameter,
2023) 250 ug 250 ug morphine Adverse Effect
morphine + +4mg IV
100 ug IT Ondansetron
atropine

Table 3: Comparative results of the studies with the main outcome as pain

Outcome Effect (95%
)
Baciarello et al.['"] AUC (0-12h) | 20(9-22) | 19(15- 20 (14-26) N/A 0.935
(Median (IQR)) 24)
Abdalla et al.["3] VAS 13+112 | 1.1+11  12+11 N/A PIC1: 0.47;
(Mean + SD) PIC2: 0.69;
PCiC2:
0.69
Farahat et al.['¥] VAS 3:17 3:18 N/A N/A 1.00
(n (%)) (56.7); (60);
4:13 4:12
(43.3) (40)

I, Intervention; C1: Comparator 1; C2: Comparator 2; CG, Control Group; N/A, Not Available; VAS, Visual Analog Scale; PIC1
= P-value between | and C1; PIC2 = P-value between | and C2; PC1C2 = P-value between C1 and C2
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and the normal saline
group (P = 0.314). As

Table 4: Comparative hemodynamic parameters of a study

shown in Table 5, the RSUIC)Y Outcome | Results (Mean + SD) Effect P-value
addition of intrathecal I Cc1 C2/CG (95% CI)
atropine - did - mot apqaipet | SBP24h | 1033 | 1065 | 1042+ | N/A PICL: 0.09;
significantly alter  the | 5 13 +84  +81 | 6.2 PIC2: 0.59;
op}slet of Zensl;)ry block in PC1C2: 0.16
either study. DBP24h | 706+ 716+ 693+ | N/A PIC1: 0.37;

4.5 54 6.0 PIC2: 0.28;
3.7. Adverse PC1C2: 0.08
Effects MBP 24h 81.9+ 832+ 8L1%  N/A PIC1: 0.16;
Table 6 summarizes five 6.2 8.2 4.3 Izlcclz(::g_'soo;ﬁ
studies that reported the —
adverse effects of HR 24h 886+ | 866+ | 86.3% N/A PIC1: 0.48;
According to Baciarello PC1C2:0.91
etal. (2011), there was no I, Intervention; C1: Comparator 1; C2: Comparator 2; CG, Control Group; N/A, Not Available;
statistically signiﬁcant SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure; MBP, Mean Blood Pressure; HR,
difference in the Heart Rate ; PIC1, P-value between | and C1; PIC2,P-value between | and C2; PC1C2, P-value
incidence of between C1 and C2
intraoperative

hypotension across groups (P = 1.00).!! Similarly, there
were no significant differences between the groups in
other adverse effects, including unexplained anxiety,
visual disturbances, and xerostomia (P = 0.926, 0.128,
and 0.532, respectively). Abdalla et al. observed that
atropine group experienced 80% more postoperative
itching than the dexamethasone (12.5%) and the atropine
+ dexamethasone group (15%).!* The difference was
statistically significant when comparing atropine to both
groups (P < 0.001), but there was no significant
difference between the combination and dexamethasone
groups (P = 0.75). No significant differences were
observed in intraoperative hypotension among the three
groups (P = 0.56 for all pairwise comparisons). Farahat
et al. observed similar rates of intraoperative
hypotension between the atropine and metoclopramide
groups (P = 1.00).'"* Turai et al. likewise reported no
significant differences in the incidence of pruritus (P =
0.677), urinary retention (P = 0.749), intraoperative
hypotension (P = 0.766), or unexplained anxiety (P =
1.00) between the atropine and normal saline groups.'?
With all P-values > 0.05, Soliman et al. reported no
significant differences in adverse effects between the
atropine and ondansetron groups, including mouth
dryness, initial bradycardia, headache, drowsiness, and
abdominal distension.!* Except for a higher incidence of
pruritus reported in one study, intrathecal atropine was
not generally linked to an increased risk of common
perioperative adverse effects when compared to other
agents or a placebo.
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4. DISCUSSION

This systematic review evaluated randomized controlled
trials examining intrathecal atropine as an adjuvant in
SA. After an extensive literature review across multiple
databases, five studies with a total of 584 patients were
ultimately included. According to the results, intrathecal
atropine may enhance postoperative recovery by
significantly lowering the incidence and severity of
postoperative nausea and vomiting. Unlike other
interventions or a placebo, it showed no significant effect
on managing postoperative pain or the onset of sensory
block. All groups showed mostly stable hemodynamic
parameters, and no significant cardiovascular events
were reported. Most studies did not show a significant
increase in adverse effects, although one study indicated
an increased incidence of pruritus in the atropine group.

The prototypical tertiary amine antimuscarinic agent,
atropine, acts as a reversible and nonspecific antagonist
of muscarinic acetylcholine receptors. Through
competitive binding to all five muscarinic receptor
subtypes (M1-M5), atropine effectively blocks
parasympathetic signalling in central and peripheral
tissues. It works by interfering with the muscarinic
effects of acetylcholine on smooth muscles and glands
that are responsive to endogenous acetylcholine but
lacking direct innervation, as well as effector organs
innervated by postganglionic cholinergic fibers.!-18
Atropine serves as the first-line therapy for symptomatic
bradycardia, while also working as an anti-sialagogue
and organophosphate poisoning antidote in clinical
practice.!” In anesthesia practice, it is routinely
administered intravenously to prevent or manage vagally
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Table 5: Comparative complications / side-effects in the studies

Study Outcome Results (n (%)) Effect (95% | P-value
| c1 caicc | Y
Baciarello et Intraoperative 23) 23) 3(5) N/A 1.00
al.ltu Hypotension
Unexplained Anxiety 5(7) 4 (6) 5(8) N/A 0.926
Visual Disturbance 4 (6) 0 (0) 4 (6) N/A 0.128
Xerostomia 18 (25) 15 (22) 20 (31) | N/A 0.532
Abdalla et al.[*® | Intraoperative 2 (5) 1(2.5) 1(2.5) | N/A PIC1: 0.56;
Hypotension PIC2: 0.56;
PC1C2: 1.00
Postoperative Itching 32 (80) 6 (15) 5 N/A PIC1: <0.001*
(12.5) PIC2: <0.001*
PC1C2: 0.75
Farahat et al.' | Intraoperative 1: 14 1:14 N/A N/A 1.00
Hypotension (46.7) (46.7)
2:16 2:16
(53.3) (53.3)
Turai et al.! Pruritus 17 (34) N/A 19(38) N/A 0.677
Urinary Retention 6 (12) N/A 5 (10) N/A 0.749
Intraoperative 7(14)_ N/A 6 (12) N/A 0.766
Hypotension
Unexplained Anxiety 3(6) N/A 2(4) N/A 1.00
Soliman et Mouth Dryness 24 0 (0) N/A N/A 0.495
[15] " -
al. Initial Bradycardia 1(2) 0 (0) N/A N/A 1.00
Headache 0 (0) 3 (6) N/A N/A 0.242
Drowsiness 0 (0) 1(2) N/A N/A 1.00
Distension 0 (0) 1(2) N/A N/A 1.00

I, Intervention; C1: Comparator 1; C2: Comparator 2; CG, Control Group; N/A, Not Available; PIC1, P-value between | and C1;
PIC2,P-value between | and C2; PC1C2, P-value between C1 and C2

mediated  bradyarrhythmias,  especially  during
procedures like laparoscopy, where vagal stimulation
can occur.?’ However, its ability to cross the blood-brain
barrier because of the structural characteristic and exert
central anticholinergic effects has spurred interest in
alternative routes of administration, including intrathecal
delivery. Intrathecal administration of atropine enables
its central muscarinic receptor antagonism to potentially
modulate autonomic tone at the spinal level.?'?> This
route of administration may affect the visceral reflex
pathways and reduce common  postoperative
complications such as nausea and vomiting, particularly
in patients receiving intrathecal opioids. Furthermore, by
delivering the drug directly to the central nervous
system, intrathecal administration may reduce peripheral
side effects that are commonly linked to systemic
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atropine use.!! Because of pharmacologic versatility and
selective central action, atropine is an intriguing option
for further study as an SA adjuvant to improve
perioperative outcomes.

4.1. PONV

Intrathecal atropine has consistently reported significant
efficacy in reducing both the incidence and severity of
PONV compared to commonly used agents, including
ondansetron and metoclopramide, during the early
postoperative period. In all five studies reviewed,''™ its
antiemetic effect was most effective during the first 12
hours postoperatively since it aligned with the period
when emetogenic stimuli peaked, which included
elevated vagal activity, intra-abdominal manipulation,
spinal-induced hypotension, and residual sedative or
opioid effects.?*2% Although intrathecal atropine is not
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inherently time-dependent, its observed efficacy appears
to align with the temporal pattern of these emetogenic
stimuli. The duration of its central antiemetic effect has
not been clearly defined, as no studies have characterized
its overall pharmacologic profile via the intrathecal
route. However, Turai et al. found that the antiemetic
effects of intrathecal atropine lasted for up to 12 hours
and hypothesized that the reduced efficacy after this
period might be due to the drug clearance. This suggests
a possible duration of action within this timeframe,
although such inference is drawn from clinical outcomes
rather than direct pharmacokinetic evidence.'?

The antiemetic effect from atropine is thought to come
from its central anticholinergic activity, particularly
through inhibition of muscarinic receptors in the
chemoreceptor trigger zone (CTZ) and vomiting center
of the area postrema in the medulla oblongata, which is
believed to underlie its antiemetic effect.?® The enhanced
antiemetic efficacy also observed with the combination
of intrathecal atropine and intravenous dexamethasone,
as shown in the study by Abdalla et al., may be explained
by their complementary mechanisms of action. Atropine
exerts central  anticholinergic  effects,  while
dexamethasone provides potent anti-inflammatory
effects that suppress the release of proinflammatory
cytokines involved in nausea and vomiting.?” It may also
reduce emetogenic signaling by inhibiting serotonin (5-
HT) release from enterochromaffin cells and by
dampening the activity of 5-HTs receptors.?® In addition,
it can act centrally through glucocorticoid receptors
found in areas including the nucleus of the solitary tract,
the area postrema, and the raphe nuclei.'? A significant
decrease in late nausea scores was found at 2—6 hours,
but no significant difference was reported during the first
two hours, according to Farahat et al., who measured
nausea at discrete time intervals.'* This delayed onset
may be attributed to the time required for atropine to
exert sufficient central muscarinic blockade, possibly
due to redistribution dynamics within the cerebrospinal
fluid (CSF) or delayed interaction with its central targets.
However, these interpretations remain speculative, and
more study is necessary to determine the precise onset
and duration of the central action of intrathecal atropine.

4.2. Postoperative Pain

Three studies consistently reported no statistically
significant differences in postoperative pain between
intrathecal atropine with comparator or control
groups.'"!314 This lack of observed difference may be
explained by the residual analgesic effect of spinal
anesthesia, which, in these studies, included the use of
intrathecal opioids as adjuvants. The combined use of
local anesthetics and opioids likely contributed to a
prolonged and potent sensory blockade during the early
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postoperative period across all groups.® As a result, any
potential difference in analgesic effect between groups
may have been masked. Additionally, atropine does not
interact with key excitatory neurotransmitters involved
in pain transmission, such as glutamate or substance P,
nor does it affect N-methyl-D-aspartate (NMDA)
receptors,?’ resulting in minimal influence on pain
intensity. Both VAS scores and AUC analyses were used
in these studies to assess pain. Whereas VAS reflects
pain intensity at isolated time points, AUC offers a more
sensitive measure of cumulative pain over time and is
therefore more sensitive to subtle differences in
analgesic effect.’ The consistent findings across all
three studies support the conclusion that intrathecal
atropine does not affect postoperative analgesia.

4.3. Hemodynamic Parameter

Based on the evidence that is currently available,
intrathecal atropine has no significant impact on
postoperative hemodynamic parameters. Abdalla et al.
found no significant differences in SBP, DBP, MBP, or
HR among the groups receiving intrathecal atropine,
dexamethasone, or their combination.!®> These results
demonstrate that intrathecal atropine is well tolerated
and does not affect cardiovascular stability, whether used
alone or in combination. Although the exact mechanism
remains unclear, the stability may be related to its limited
systemic absorption and predominantly localized spinal
action,’ which reduces the risk of systemic
antimuscarinic effects. Interestingly, the antimuscarinic
properties of atropine, such as inhibition of vagal tone,
could theoretically attenuate bradycardia and
hypotension often associated with SA,'® but no
significant evidence from current studies to support this.
Similarly, Soliman et al. found no significant difference
in MAP and HR between intrathecal atropine and
intravenous ondansetron, although their data were
excluded in our quantitative synthesis because there
were no extractable numerical values.'

4.4. Onset of Sensory Block

The administration of atropine via the intrathecal route
does not appear to affect or have a minimal effect on the
onset time of sensory block during SA, as supported by
consistent findings in multiple studies. Both Abdalla et
al.!3 and Turai et al.'? found no significant differences in
the onset of sensory block, indicating that atropine does
not affect the initiation phase of SA. This finding concurs
with its pharmacological role as an antimuscarinic
agent'®, which does not act on the voltage-gated sodium
channels responsible for sensory blockade. The onset of
sensory block in SA is predominantly determined by the
diffusion and binding of local anesthetic agents to
sodium channels in the nerve roots within the
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subarachnoid space, resulting in a reversible inhibition
of action potential propagation.? Since atropine does not
interfere with this mechanism, its negligible effect on
sensory block onset is pharmacologically consistent and
reflects its limited involvement in spinal nociceptive
modulation.

4.5. Adverse Effects

The safety profile of intrathecal atropine reported in the
included studies is generally favorable, showing no
significant increase in common perioperative adverse
effects compared to other agents or placebo. This
favorable tolerability is probably due to the relatively
low and consistent dose used in these studies, namely
100 pg, which allows direct delivery to the central
nervous system while minimizing exposure to peripheral
tissues, which reduces the risk of systemic adverse
effects.'*33  Systemic muscarinic blockade effects
commonly seen with higher doses include tachycardia,
which is mediated by M2 receptors in the heart,
xerostomia through M3 receptors in the salivary glands,
or urinary retention involving M3 receptors in the
detrusor muscle of the bladder.® Interestingly, one study
by Abdalla et al.'* reported an increased incidence of
postoperative pruritus in the group who received
intrathecal atropine alone. This finding suggests that,
although systemic adverse effects may be limited,
intrathecal atropine can still induce central nervous
system-mediated adverse effects, possibly by the
activation of muscarinic receptors, particularly the M3
subtype, which has been involved in sensory pathways
related to itch perception.* Notably, none of the
included studies reported adverse effects such as blurry
vision, which could be related to M3 receptors in the
ciliary body,®* or headache and drowsiness, which are
associated with M1 receptor blockade.*® The absence of
these effects may suggest that low-dose intrathecal
atropine primarily acts at the spinal level, with minimal
cephalad spread and limited supraspinal involvement.

5. LIMITATIONS

This review has several limitations, primarily related to
methodological weaknesses and clinical heterogeneity
among the included studies. Although all trials used a
uniform intrathecal atropine dose of 100 pg, outcome
definitions, assessment intervals, and comparator
interventions varied considerably, limiting data pooling.
Visual Analog Scale scoring and PONV grading systems
were inconsistently applied; for pain assessment, some
studies used VAS while others used AUC methods.
Hemodynamic outcomes in one study were reported only
graphically, preventing numerical data extraction and
restricting direct comparison. Moreover, all studies were
single-center trials with limited sample sizes and
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minimal demographic stratification, which may reduce
external validity. The geographic distribution was
limited to only three countries, and postoperative follow-
up duration ranged from 12 to 24 hours, limiting
assessment of longer-term outcomes. The lack of
standardized endpoints and inconsistent reporting
intervals also hindered quantitative synthesis. Potential
publication bias and language bias are also concerns, as
only English-language studies were included, and
negative results may have been underreported. Future
trials should adopt standardized outcome measures,
ensure rigorous trial design and reporting, and consider
multicenter collaboration to improve the quality of
evidence on intrathecal atropine.

6. CONCLUSION

This systematic review indicates that intrathecal atropine
at a dose of 100 pg may help reduce both the incidence
and severity of PONV in patients undergoing surgery
under SA. However, no significant benefits were
observed in levels of postoperative pain, onset of sensory
block, or hemodynamic parameters when compared with
other agents or placebo. Overall, adverse effects were
mild and similar between groups, though one study noted
a higher occurrence of postoperative pruritus. Given the
limited number of trials, small sample sizes, and
methodological variability, further well-designed,
multicenter studies with standardized outcome measures
are needed to confirm these findings and strengthen the
evidence base.
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