
Vol.:(0123456789)

Journal of Anesthesia (2025) 39:299–310 
https://doi.org/10.1007/s00540-025-03466-1

ORIGINAL ARTICLE

Comparison of the postoperative analgesic efficacy 
of the ultrasound‑guided erector spinae plane block and intrathecal 
morphine in patients undergoing total abdominal hysterectomy 
under general anesthesia: a randomized controlled trial

Tarek Mohamed Ashoor1 · Ibrahim Mamdouh Esmat1   · Mohammad Abdalsalam Algendy1 · 
Noha Refaat Mohamed2 · Sahar Mohamed Talaat1 · Amal Hamed Rabie1 · Ahmed Mohammed Elsayed1

Received: 6 December 2024 / Accepted: 4 February 2025 / Published online: 6 March 2025 
© The Author(s) 2025

Abstract
Purpose  Total abdominal hysterectomy (TAH) is a common surgical procedure. Erector spinae plane block (ESPB) and 
intrathecal morphine (ITM) provide adequate postoperative (PO) analgesia. However, ITM side effects may limit its use. 
Researchers investigated the efficacy of bilateral ultrasound-guided ESPB on PO pain and analgesic consumption compared 
to ITM in the first 24 h following TAH under general anesthesia.
Methods  120 patients premedicated with 3 mg intravenous granisetron were randomized into three equal groups: bilateral 
ultrasound-guided ESPB, ITM or control group. The primary outcome of this study was the time to first request for a rescue 
analgesic (tramadol).
Results  Compared to the control group, the ESPB and ITM groups showed higher time to first request for a rescue analgesic 
and lower total tramadol consumption 24 h following surgery (P < 0.001) with significant differences between the ESPB and 
ITM groups (P < 0.001). The ITM group showed lower pain scores and lower readings of both serum glucose and cortisol 
levels compared to the other two groups 24 h after surgery (P < 0.001). The ITM group also had higher incidences of nausea 
and pruritus 24 h after surgery (P < 0.001). The use of a single intrathecal injection of 0.3 mg morphine did not show any 
respiratory depression.
Conclusion  0.3 mg intrathecal morphine was superior to erector spinae plane block for postoperative pain relief, 24 h after 
surgery, regarding attenuated stress response, lower pain scores at rest and on coughing and lower tramadol consumption.
IRB  IRB 00006379//31-1-2022.
Trial registration number  ClinicalTrials.gov Identifier: NCT05218733.

Keywords  General anesthesia · Total abdominal hysterectomy · Ultrasound · Erector spinae plane block · Intrathecal 
morphine · Postoperative · Pain · Analgesia

Introduction

Patients undergoing total abdominal hysterectomy (TAH) 
suffer moderate to severe postoperative (PO) pain. Uncon-
trolled pain after TAH results in delayed postsurgical 
recovery, extended hospital stay, chronic pain, an increase 
in incidence of venous thrombosis and patient dissatisfac-
tion [1]. The inadequate PO pain control in Africa due 
to poor PO pain assessment, the knowledge gap between 
medical workers, the patients’ lack of understanding and 
misconceptions, the scarcity of healthcare resources and 
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the lack of pain relief medications remains a challenge for 
the anesthesiologists and acute pain service teams [2].

Accustomed analgesic regimens for major surgery 
depend on opioids to control postsurgical pain; however, 
the use of opioids may cause major adverse effects, e.g., 
sedation, respiratory depression (RD), postoperative nau-
sea and vomiting (PONV), urinary retention and ileus, 
leading to delayed emergence from anesthesia and delayed 
discharge from hospital. Multimodal analgesic techniques 
optimize analgesia, eliminate the excessive use of opioids 
and decrease opioid-related side effects [3]. Abdominal 
field blocks are frequently used for pain control after 
abdominal surgeries such as laparotomies and appendicec-
tomies and are considered as part of multimodal analgesia 
techniques [4].

The erector spinae plane block (ESPB) was first coined as 
a therapeutic approach for thoracic neuropathic pain. It is a 
peri-paravertebral regional anesthetic technique which was 
recorded as a suitable technique for pain management after 
surgery. In ESPB, the local anesthetic (LA) is deposited 
within the interfascial plane between the transverse process 
of the vertebra and erector spinae muscles. The ESPB safely 
allows for widespread of LA to multiple paravertebral spaces 
which blocks the ventral and dorsal rami resulting in block-
ade of both visceral and somatic pain [1, 5].

Intrathecal morphine injection (ITM), without LA, pro-
vided satisfactory PO analgesia and less PO rescue analgesia 
in patients undergoing major abdominal surgery under gen-
eral anesthesia (GA) [6]. The analgesic technique, such as 
a single dose injection of ITM, has the potential to deliver 
the opioid directly into the cerebrospinal fluid (CSF), adja-
cent to the structures of the central nervous system where 
the opioid works [7]. Because of a small volume of distri-
bution of the CSF and a slow diffusion, intrathecal hydro-
philic opioids have a prolonged drug action in comparison 
with intravenous (IV) route of administration. A single drug 
injection technique of intrathecal hydrophilic opioids has an 
IV opioid-sparing effect, facilitates mobilization of patients 
and prevents peripheral vasodilation, which encourages 
restrictive fluid management. These benefits improve effi-
ciency-related outcomes and enhance a faster recovery after 
abdominal surgery [8]. ITM develops a “ceiling” analgesic 
efficacy with the recommended intrathecal dose of 0.075–0.3 
mg. Using larger doses may have deleterious events, mainly 
RD, without enhancing analgesia [9].

The stress response to surgery consists of two main com-
ponents: neuroendocrine–metabolic response and inflam-
matory–immune response. Enhanced recovery after sur-
gery (ERAS) protocols reduce the surgical stress response 
and improve PO recovery and PO outcomes [10]. ERAS 
protocols use multimodal analgesic regimens that include 
regional anesthetic techniques, systemic or neuraxial opi-
oids to decrease the utilization of perioperative opioids and 

reduce their adverse effects to hasten the progress of patient 
recovery after surgery [11].

The research team performed this study on patients 
undergoing TAH under GA to compare the effects of the 
ultrasound (US)-guided bilateral single-injection ESPB with 
a single intrathecal injection of 0.3 mg morphine on PO pain 
and analgesic requirements in the first 24 h after surgery.

Methods

Ethics

After approval of the local ethical committee (IRB 
00006379//31-1-2022), this study was registered prior to 
patient enrollment at ClinicalTrials.gov (NCT05218733) 
and adhered to standards of the Helsinki Declaration 2013. 
This clinical trial was performed between February 15, 2022 
and September 20, 2023 at Ain-Shams University Maternity 
Hospital. Each patient signed a written informed consent 
before the operation.

Study population

This clinical trial was conducted on 120 females, aged 40–55 
years, body mass index (BMI) < 35 kg/m2, American Society 
of Anesthesiologists (ASA) I, II physical status, and listed 
for elective open TAH via Pfannenstiel incision under GA. 
Patients with hepatic or renal dysfunction, severe cardiovas-
cular disease, coagulopathy, pulmonary function compro-
mise, obstructive sleep apnea, diabetes mellitus or predia-
betes, and pre-existing chronic pain were excluded. Patient’s 
refusal, local infection at site of block, known allergy to 
study drugs (bupivacaine or morphine), altered mental status 
and pre-existing steroid treatment were also causes of exclu-
sion from this study.

Randomization and blinding

After randomization using computer-generated random 
numbers kept in sealed opaque envelopes and based on PO 
pain management protocol with an allocation ratio of 1:1:1, 
patients were allocated to the ESPB group, ITM group or 
control group. An anesthesiology resident picked the enve-
lope to know the patient`s assigned group. All patients 
received GA. By the end of surgery and before extubation, 
patients in the ESPB group obtained bilateral US-guided 
ESPB and sham block at the lumbar puncture site; patients in 
the ITM group obtained 0.3 mg of preservative-free mor-
phine dissolved in 3 mL normal saline (NS) intrathecally 
and bilateral US-guided sham block at the ESPB puncture 
sites and patients in the control group obtained a bilateral 
US-guided sham block at the ESPB puncture sites and a 
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sham block at the lumbar puncture site. Both the ESPB and 
ITM groups were the intervention groups. US-guided ESPB 
was performed by experienced anesthesiologists who had 
no additional role in this clinical investigation. Every sham 
block was conducted using 2 mL NS solution of a subcuta-
neous injection at the corresponding block site. Anesthesi-
ology residents, blinded to patient allocation, evaluated and 
recorded the clinical trial outcomes. The procedures were 
performed by the same experienced gynecologic surgeons’ 
team. Patients and surgeons were also blinded to allocation 
of treatment groups.

Study non‑dependent protocol

Following the fulfillment of routine preoperative evalu-
ation, patients were taught about the visual analog scale 
(VAS) (0–10 cm) to rate nausea and pain at rest and with 
cough [12]. Nausea was rated from 0 = no nausea to 10 = the 
worst nausea imaginable, and pain was rated from 0 = no 
pain to 10 = the worst pain imaginable. Patients received 150 
mg ranitidine tablet the night before surgery and abstained 
from solid food for 6 h prior to surgery. Patients were also 
premedicated with 3 mg IV granisetron, and antibiotic 
prophylaxis after establishment of an intravenous (IV) line. 
A baseline reading of vital data was obtained for every 
patient after applying the standard operating room monitors.

Induction of GA was established with fentanyl 1.5 µg/kg 
and propofol 1.5 mg/kg, followed by rocuronium 0.6 mg/kg 
to facilitate orotracheal intubation. Following intubation, a 
Foley catheter was inserted for measurement of urine output 
and remained in place for 24 h. Anesthesia was maintained 
with 1–1.5% isoflurane with 50% oxygen in air and a top-
up of muscle relaxant was provided on demand. All patients 
were mechanically ventilated to keep the EtCO2 between 
35 and 40 mmHg. Additional boluses of fentanyl (0.5 ug/
kg) were given if heart rate (HR) or mean arterial pressure 
(MAP) increased more than 20% from baseline values and 
the total intraoperative fentanyl doses were documented. 1 
g IV acetaminophen was administered for all patients 15 
min before the end of surgery and every 6 h till 24 h follow-
ing surgery. By the end of surgery, every patient was later-
ally positioned and underwent an ESPB, spinal anesthesia 
or sham block according to the patient`s group allocation, 
followed by placing in the supine position again. The inha-
lational anesthetic was turned off and the residual neuro-
muscular paralysis was reversed by neostigmine (0.05 mg/
kg) and atropine (0.01 mg/kg). After extubation, every 
patient was sent to the post-anesthesia care unit (PACU). 
The hemodynamic variables (HR and MAP) of patients were 
documented at T0: before induction of GA; T1: mean intra-
operative changes of both HR and MBP before the procedure 
(ESPB, ITM or sham block); T2: 20 min after performing 
the block; T3, T4, T5, T6 and T7 which matched 2, 6, 12, 18 

and 24 h postsurgery, respectively. VAS pain scores at rest 
and on coughing were assessed at 30 min, 2, 6, 12, 18 and 
24 h after surgery. The PO level of sedation of every patient 
was appraised using the  Richmond Agitation Sedation 
Scale (RASS) [13]. Patients were transferred to the gyne-
cology ward when they got a modified Aldrete score ≥ 9.

Study‑dependent protocol

US‑guided ESPB technique

After skin sterilization with povidone-iodine solution, ESPB 
was achieved at the level of the spine of the ninth thoracic 
vertebra (T9). T9 was located by counting down from the 
spine of the seventh cervical vertebra. A high-frequency 
(5–13 MHz) linear US transducer (M‑turbo; Fujifilm Son-
oSite Inc., Bothell, Washington, USA) was placed vertically 
3 cm lateral to the T9 spinous process. An 80 mm 22-gauge 
block needle (Stimuplex® D, B-Braun, Germany) was placed 
using an in-plane approach. The needle tip was inserted into 
the fascial plane on the deep aspect of the erector spinae 
muscle (ESM). The correct location of the needle tip was 
verified by 2–3 ml of NS injectant for hydrodissection of 
the interfascial plane between the ESM and the transverse 
process. A total volume of 20 mL of 0.25% bupivacaine 
was injected through the needle. The same technique was 
repeated on the opposite side (Fig. 1).

ITM group

Morphine (10 mg/mL) was added to 100 ml saline dilu-
tion bag to achieve a concentration of 100 μgm/mL. The 
anesthesiologist assigned to perform the intrathecal injec-
tion drew 3 ml from the dilution bag in a 3 ml syringe. After 
skin sterilization with povidone-iodine solution, the dura 
was punctured at the L4–L5 or L5–S1 intervertebral space 
using a 25G Quincke spinal needle and the prepared 3 ml 
diluted morphine (0.3 mg) injected after confirming free 
flow of the CSF through the needle.

Parameters and outcomes

HR and MAP were listed at different time points during the 
study. The time to perform the regional anesthesia technique 
was documented. All patients were treated with a rescue 
analgesia of 100 mg tramadol (ampoule) diluted in 100 ml 
of NS. This rescue dose was infused over 15 min for a 
VAS > 3 or patient`s request for analgesia and not exceeding 
400 mg/day. The time to first request for a rescue analgesic 
and the total tramadol consumption/24 h after surgery were 
reported. Admitting more than one dose of rescue analgesic 
medication to the patient in the first hour after surgery was 
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considered as a failed block which was recorded and omitted 
from the study results.

Recovery parameters including the length of PACU stay 
(min), time to unassisted ambulation (h), time to return of 
gastrointestinal function (passing flatus) (days) and hospital 
length of stay (LOS) (days) were listed.

The intervention related side effects including bradycar-
dia, hypotension, PONV, pruritis, RD (respiratory rate < 12 
breaths/min), LA toxicity and block technique adverse 
events (local site infection, hematoma formation and pneu-
mothorax) were assessed. If patient experienced nausea at 
a VAS score > 7 or one emetic episode, she received 10 mg 
IV metoclopramide. Pruritus was appraised using a four-
point scale [13] and patient with severe pruritus was treated 
with 45.5 mg IV pheniramine maleate (AvilR). Sedation, res-
piratory rate and oxygen saturation (SpO2) were monitored 
for 24 h after surgery. 0.4 mg IV naloxone was administered 
and supplemental oxygen by nasal cannula at 6 l/min if the 
patient had SpO2 ≤ 94% or RASS of − 4, or − 5. Patient sat-
isfaction with PO pain control regimen was recorded at 24 h 
after surgery using a five-point Likert scale [14].

Laboratory analysis

Three samples (3 mL each) of venous blood were collected 
from each patient included in this study under complete 
aseptic conditions; one hour before the operation as a base-
line sample (8 a.m.) (H0), 2 h after the operation (H1) and 
24 h postoperatively (H2) for assessment of serum glucose 

and serum cortisol. The blood was left to clot for 30 min in 
sterile dry vacutainers. The serum was then separated by 
centrifugation at 3500 rpm for 15 min, for the immediate 
assessment of serum glucose and serum cortisol. The analy-
sis was done on COBAS e 402 and COBAS e 801 systems 
respectively supplied by Roche Diagnostics (GmbH, Sand-
hofer Strasse 116, D-68305 Mannheim).

The time to first rescue analgesic was the primary out-
come measure of this study. Secondary outcome measures 
were VAS scores at rest and on coughing, the total trama-
dol consumption/24 h, hospital LOS, measurements of both 
serum glucose levels and morning serum cortisol levels, 
study-related adverse events and patient satisfaction.

Statistical analysis

Power of the study

The results from a prior pilot study, conducted by our 
research team, showed that the time to first rescue analge-
sia in the ESPB, ITM and control groups was 19.7 ± 1.5, 
21.0 ± 1.6 and 0.8 ± 0.2 h, respectively, setting the power 
at 80%, alpha error at 0.017 for the three groups’ compari-
sons [15]. Depending on PASS 11th release program for 
sample size calculation [16], a minimal sample size of 32 
patients/group was required to get a statistically significant 
difference based on the minimum difference among groups. 
We recruited 40 patients/group for possible dropouts and to 
study other secondary outcomes.

Fig. 1   US pictures demonstrating the direction of the needle and anatomical landmarks during ESPB. [(A) ESPB before injection, (B) ESPB 
after injection)] (ESM erector spinae muscle, ESPB erector spinae plane block, TP transverse process, US ultrasound)
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Data analysis

Statistical Package for Social Sciences software version 28.0, 
IBM Corp., Chicago, USA, 2021, was used for data analysis. 
Qualitative variables were expressed as number and percent-
age and compared using Chi-square test as well as Fish-
er’s exact test for variables with small expected numbers. 
Quantitative variables were tested for normality using Sha-
piro–Wilk test, then expressed as mean ± standard deviation 
(SD) if normally distributed and compared using ANOVA 
(comparison between groups) and RMANOVA (comparison 
within groups) tests. If quantitative variables were not nor-
mally distributed, they were expressed as median (1st–3rd 
interquartile range) and compared using Kruskal–Wallis test 
(comparison between groups). Post hoc comparisons were 
done using Bonferroni test (comparison between groups, 
so homogenous groups had the same symbol “a, b or c”) 
and Dunnett’s test (comparison within groups, so times sig-
nificantly different from T0 or H0 had symbol “⌂”). A p 
value < 0.050 was considered statistically significant.

Results

154 patients were enrolled in this study. 34 patients were 
excluded and 120 patients were randomized to three equal 
groups. 18 patients were exempted from the final statistical 
analysis of this study due to different reasons (Fig. 2). The 
study participant demographic characteristics were compa-
rable between groups (P > 0.05) (Table 1).

The investigators reported no statistically significant dif-
ferences between groups (P > 0.05) regarding changes in HR 
and MAP values at the following time points; T0, T1, and T7 
(Fig. 3). The ESPB and ITM groups exhibited lower HR and 
MAP (P < 0.001) values at T2, T3, T4, and T5 in comparison 
to the control group and the researchers found no statistically 
significant differences between the ESPB and ITM groups 
(P > 0.05) (Fig. 3). Compared to the control group, patients 
in the ITM group showed lower HR and MAP values at T6 
(P = 0.034 for HR, & P < 0.001 for MAP) (Fig. 3). The HR 
and MAP readings (from T1 till T7) were significantly lower 
than T0 readings in all study groups (P < 0.001) (Fig. 3).

Patients of both ESPB and ITM groups had lower pain 
scores at rest and on coughing (P < 0.001) in comparison to 
the control group in the first 18 h postoperatively and the 
investigators found no statistically significant differences 
between the ESPB and ITM groups (P > 0.05) (Fig. 3). 
Nevertheless, patients in the ITM group showed lower pain 
scores at rest and on coughing (P < 0.001) compared to the 
other two groups 24 h after surgery and the researchers 
reported no statistically significant differences between the 
ESPB and control groups (P > 0.05) (Fig. 3).

The investigators found no statistically significant dif-
ferences regarding baseline readings of serum glucose and 
cortisol levels between the groups at H0 (P > 0.05) (Fig. 3). 
There was a significant increase in serum glucose and corti-
sol levels in the ESPB, ITM and control groups at H1 and H2 
compared to the baseline values (H0) (P < 0.001) (Fig. 3). 
The control group showed higher serum glucose and corti-
sol levels compared to both the ESPB and ITM (P < 0.001) 
groups at H1 and to the ITM group only at H2 (P < 0.001) 
(Fig. 3). The researchers found no significant differences 
between the ESPB and ITM groups at H1 (P > 0.05) and 
significant differences between the intervention groups at 
H2 (P < 0.001) (Fig. 3).

Compared to the control group, the time to perform the 
block and the time to first rescue analgesia were significantly 
prolonged in the ESPB and ITM (P < 0.001) groups and the 
investigators found significant differences between the ESPB 
and ITM groups (P < 0.001) (Table 2) (Fig. 4). Patients who 
required rescue analgesics, (number of doses and total tram-
adol consumption/24h) after surgery were higher in the con-
trol group than the intervention groups (P < 0.001) and the 
researchers found significant differences between the ESPB 
and ITM groups (P < 0.001) (Table 2) (Fig. 4).

The duration of anesthesia was highest in the ESPB group 
(P < 0.001) with comparable differences between the other 
two groups (P > 0.05) (Table 2). In comparison to the control 
group, the recovery parameters showed significant shorter 
time periods in the ESPB and ITM (P < 0.001) groups with 
no significant differences between the intervention groups 
(P > 0.05) (Table 2).

More patients in the ESPB and ITM groups exhibited sig-
nificant PO sedation in comparison to the control group in 
the first 6 h postoperatively (P < 0.001) and the investigators 
found statistically significant differences between the ESPB 
and ITM groups (P < 0.001) (Fig. 5). The differences were 
comparable between the study groups in the next 18 h after 
surgery (P > 0.05) except at the 7–12 h interval postsurgery 
where patients in the ITM group showed higher levels of 
PO sedation compared to the other two groups (P < 0.001) 
(Fig. 5).

Compared to both ESPB and control groups, the ITM 
group had higher incidences of nausea (P < 0.001) and pruri-
tus (P < 0.001) 24 h after surgery and the investigators found 
significant differences between the ESPB and control groups 
regarding the incidence of nausea (P < 0.001) (Table 2). 
Compared to the other two groups, most of the pruritus cases 
in the ITM group were of a mild form (P < 0.001) (Table 2) 
requiring no rescue antipruritic drug (P > 0.05) (Table 2). 
Patient satisfaction score regarding postsurgical pain control 
was low in the control group compared to both the ESPB 
and ITM (P < 0.001) groups and the researchers found no 
significant differences between the ESPB and ITM groups 
(P > 0.05) (Table 2).
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Discussion

In this study, both ESPB and ITM demonstrated effective 
pain control, as evidenced by delayed requests for rescue 

analgesics, lower pain scores in the first 18 h postsurgery, 
reduced tramadol consumption and higher patient satisfac-
tion compared to the control group. Patients in the ITM 

Fig. 2   Flowchart of the study
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group experienced more nausea and pruritus with no cases 
of RD.

ESPB not only improves somatic pain (abdominal wall 
wound), but also provides visceral abdominal analgesia 
(uterus) [17]. In concordance with previous studies, patients 
who received US-guided ESPB had prolonged time to first 
rescue analgesia, reduced pain scores, decreased PO opioid 
consumption, early ambulation, shorter hospital stay and 
better patient satisfaction when compared with either con-
ventional analgesia or TAP block [1, 5, 17–19].

ITM when injected alone in patients having major surgery 
under GA advocates intra- and postoperative opioid-sparing 
effects. However, monitoring of RD in a high-dependency 
PACU is a major concern, especially in resource-limited set-
tings (RLS) [6–9]. Although there is no consensus regarding 
the optimal dose of ITM for pain control in the 24 h postsur-
gery, there was a trend toward using ‘‘mini-doses’’ of ITM 
to reduce the risk of RD and maintain adequate extended 
analgesia [8, 20]. Dose–response studies suggested that 
ITM has a ceiling analgesic efficacy above which the risk of 
adverse events exceeds the benefits of improved pain control 
[20].

Despite the conflicting conclusions of dose–response 
of different ITM doses for PO pain management [21–23], 
our results in this study showed similarity with previous 
studies as 0.3 mg ITM was the ‘analgesic ceiling’ and the 

optimal dose for PO pain relief with the least side effects 
[21, 22]. In contrast, Hein et al. reported that no additional 
benefits for PO analgesia was recorded from increasing 
the dose over 0.2 mg ITM added to bupivacaine spinal 
anesthesia [23], which could be attributed to the additive 
effect and better analgesia achieved by the intrathecal com-
bination of the local anesthetic and morphine targeting 
different sites of action [11].

Previous studies [24, 25] are consistent with our results 
regarding superior analgesia, hemodynamic stability and 
stress response attenuation of both ESPB and ITM for PO 
pain control. The research team adopted the use of lower 
blood glucose levels and serum cortisol levels as inexpen-
sive surgical stress markers to express the stress response 
attenuation of both ESPB and ITM for PO pain manage-
ment [25].

In the current study, the PO recovery parameters showed 
significantly longer time periods in the control group, which 
could be attributed to the adequate PO pain control in the 
intervention groups. Despite the conflicting conclusions of 
whether ESPB [5, 17, 19, 26] and ITM [8, 9, 23] are valu-
able to speed up recovery after surgery, both of them were 
effectively implemented in multimodal analgesic approaches 
to get a longer duration of PO pain relief, delay the time to 
first rescue analgesic request and reduce overall patients` PO 
opioid consumption [25, 26].

Table 1   Study participant 
demographic characteristics

Data are presented as mean ± SD or number (%). BMI: body mass index. ASA: American Society of Anes-
thesiologists. *ANOVA test. †Chi-square test. ‡Fisher’s exact test

Variables ESPB group
(Total = 33)

ITM group
(Total = 35)

Control group
(Total = 34)

p value

Age (years) 50.5 ± 2.5 49.5 ± 3.3 49.1 ± 2.9 *0.164
BMI (kg/ m2) 29.6 ± 2.3 29.5 ± 2.3 29.8 ± 2.3 *0.795
ASA I 14 (42.4%) 15 (42.9%) 12 (35.3%) †0.774

II 19 (57.6%) 20 (57.1%) 22 (64.7%)
Daily Smoker 4 (12.1%) 5 (14.3%) 8 (23.5%) †0.409
Comorbidities
Comorbidities (total) 7 (21.2%) 7 (20.0%) 9 (26.5%) †0.793
Hypertension 7 (21.2%) 7 (20.0%) 9 (26.5%) †0.793
Seizures 2 (6.1%) 0 (0.0%) 1 (2.9%) ‡0.209
Hypothyroidism 1 (3.0%) 2 (5.7%) 1 (2.9%) ‡0.999
Multiple comorbidities 3 (9.1%) 2 (5.7%) 2 (5.9%) ‡0.793
Surgical diagnosis
Endometrial carcinoma 10 (30.3%) 11 (31.4%) 9 (26.5%) ‡0.995
Adnexal mass 6 (18.2%) 5 (14.3%) 7 (20.6%)
Fibroid uterus 15 (45.5%) 16 (45.7%) 16 (47.1%)
Dysfunctional uterine bleeding (DUB) 2 (6.1%) 3 (8.6%) 2 (5.9%)
Duration of operation (min) 122.9 ± 9.0 120.2 ± 9.4 122.4 ± 10.0 *0.467
Intraoperative fentanyl consumption (µg) 224.3 ± 13.1 226.7 ± 10.9 222.4 ± 9.8 *0.286
Blood loss (ml) 523.9 ± 26.0 516.9 ± 43.1 509.2 ± 36.9 *0.255
Intraoperative fluid (ml) 1495.8 ± 119.3 1506.0 ± 123.4 1484.7 ± 88.4 *0.731
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Fig. 3   Hemodynamic variables changes, visual analog scale (VAS) 
scores and surgery-related  stress response between study groups. 
A Heart rate changes, B mean arterial pressure changes, C VAS at 
rest, D VAS on coughing, E serum glucose levels, F serum cortisol 

levels (*significantly different group based on post hoc Bonferroni 
test following ANOVA test; times significantly different from T0 or 
H0 had the symbol “⌂” based on post hoc Dunnett test following 
RMANOVA test)
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One of the postulated mechanisms of PO pruritus after 
ITM administration is the action of morphine's cephalad 
spread on the µ-opioid receptors and 5-HT3 receptors present 
in the dorsal horn of the spinal cord and in the spinal trigem-
inal nucleus located in the medulla (itch center) [27–31]. 
Furthermore, ITM-induced pruritus is a dose-related adverse 
effect [27–31] and the serum serotonin levels significantly 
increased after ITM injection [27]. In addition, ITM can 
induce pruritus due to stimulation of 5-HT3 receptors present 
in the dorsal horn of the spinal cord and medulla [27–31]. 
Compared to both the ESPB and control groups in the cur-
rent study, the ITM group had higher incidences of nausea 

and pruritus 24 h after surgery and the investigators found 
significant differences between the ESPB and control groups 
regarding the incidence of nausea. The use of tramadol as 
a rescue analgesic for PO pain control is associated with 
increased incidence of PONV [32]. The results of previous 
studies [28–31] are in concordance with our recent findings 
regarding the pre-emptive intake of 3 mg IV granisetron 
(5-HT3 receptor antagonist), which resulted in a significant 
reduction in the severity of pruritus and the need for antipru-
ritic treatment, but without reducing the number of patients 
experiencing PO pruritus in ITM group. The use of 5-HT3 
receptor antagonists with a longer half-life extends beyond 

Table 2   Clinical outcome differences between the study groups

Data are presented as mean ± SD or number (%). PACU: post-anesthesia care unit, SpO2: oxygen saturation. *ANOVA test. †Chi-square test. 
‡Fisher’s exact test Homogenous groups had the same symbol “a,b,c” based on post hoc Bonferroni test §Significant

Variables ESPB group
(total = 33)

ITM group
(total = 35)

Control group
(total = 34)

p value

Time to perform the block (min) 16.1 ± 0.9 a 8.1 ± 0.6 b 4.0 ± 0.6 c * < 0.001§
Duration of anesthesia (min) 139.0 ± 9.1 a 128.3 ± 9.3 b 126.4 ± 10.1 b * < 0.001§
Length of PACU stay (min) 26.2 ± 1.2 a 25.7 ± 1.1 a 33.4 ± 1.0 b * < 0.001§
Number of patients who needed rescue analgesia 33 (100.0%) a 17 (48.6%) b 34 (100.0%) a † < 0.001§
Time to first rescue analgesia (h)
(in cases that needed rescue analgesia)

19.2 ± 1.6 a 21.3 ± 1.0 b 0.8 ± 0.4 c * < 0.001§

Number of rescue doses (tramadol) given for each patient, 0–24 h
(in cases that needed rescue analgesia)

1.5 ± 0.5 a 1.0 ± 0.0 b 2.9 ± 0.9 c * < 0.001§

Total dose of rescue analgesia
(tramadol), (mg) 0–24 h
(in cases that needed rescue analgesia)

148.5 ± 50.8 a 100.0 ± 0.0 b 285.3 ± 85.7 c * < 0.001§

Time to first ambulation (h) 12.6 ± 2.0 a 11.5 ± 2.0 a 15.9 ± 1.8 b * < 0.001§
Time to return of gastrointestinal (GI) function (passing flatus) (h) 29.8 ± 5.1 a 27.7 ± 5.0 a 41.4 ± 4.6 b * < 0.001§
Hospital length of stay (LOS) (days) 3.7 ± 0.6 a 3.4 ± 0.5 a 4.6 ± 0.8 b * < 0.001§
Side effects
Bradycardia 6 (18.2%) 4 (11.4%) 3 (8.8%) ‡0.495
Hypotension 6 (18.2%) 3 (8.6%) 2 (5.9%) ‡0.266
Nausea within 24 h 4 (12.1%) a 24 (68.6%) b 13 (38.2%) c † < 0.001§
Nausea at a VAS score > 7 3 (9.1%) 9 (25.7%) 6 (17.6%) †0.199
Vomiting 2 (6.1%) 7 (20.0%) 5 (14.7%) ‡0.262
Need for rescue antiemetic drug 3 (9.1%) 9 (25.7%) 6 (17.6%) †0.199
Pruritus within 24 h 1 (3.0%) a 32 (91.4%) b 3 (8.8%) a † < 0.001§
Severity of pruritus None 32 (97.0%) a 3 (8.6%) b 31 (91.2%) a ‡ < 0.001§

Mild 1 (3.0%) a 26 (74.2%) b 3 (8.8%) a
Moderate 0 (0.0%) a 3 (8.6%) a 0 (0.0%) a
Severe 0 (0.0%) a 3 (8.6%) a 0 (0.0%) a

Need for rescue antipruritic drug 0 (0.0%) 3 (8.6%) 0 (0.0%) ‡0.105
SpO2 (%) 98.3 ± 0.6 97.9 ± 1.0 98.4 ± 0.6 *0.061
Respiratory depression (RD) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA
Postdural puncture headache 0 (0.0%) 0 (0.0%) 0 (0.0%) NA
Block technique adverse events 1 (3.0%) 0 (0.0%) 0 (0.0%) ‡0.324
LA toxicity 0 (0.0%) 0 (0.0%) 0 (0.0%) NA
Constipation 2 (6.1%) 5 (14.3%) 1 (2.9%) ‡0.241
Patient satisfaction score (1–5) 24 h postoperatively 4.1 ± 0.6 a 4.4 ± 0.5 a 3.1 ± 0.8 b * < 0.001§
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the peak of ITM-induced pruritus due to increased modula-
tion of the serotonergic pathways [27]. The elimination half-
life of granisetron is 8.95 h, with a duration of more than 24 
h and its optimal dose for the prevention of PONV is 2 mg 
via an IV route [33].

The ITM administration for PO analgesia is associated 
with a frequent incidence of PONV [7–9, 21–23, 29–31], 
and previous studies for the treatment of PONV have pro-
posed the 5-HT3 receptor interaction by opioids as a poten-
tial mechanism [29–31]. Also, the frequent use of rescue 
analgesic (tramadol) in the control group in this clinical 
study increased the incidence of PO nausea. Such a scenario 
made the use of a prophylactic dose of 3 mg IV granisetron 

[30–33] to reduce the incidence of PONV, an attractive 
option adopted by the investigators of this study.

Our results regarding the significance of PO sedation in 
both the ITM and ESPB groups compared to the control 
group could be attributed to the efficient PO analgesia in 
the intervention groups that reduced anxiety and enhanced 
sleep quality [34]. Because of fear of RD, anesthesiolo-
gists are hesitant to administer ITM [8]. Early RD (within 
2 h of injection) due to ITM administration has never been 
recorded [35]. However, ITM administration was involved in 
all reports of clinically relevant delayed RD (6–12 h follow-
ing injection) [8, 22, 35]. The heterogeneity in definition of 
ITM-induced RD limits the widespread use of ITM for PO 

Fig. 4   Kaplan–Meier curve for 
rate of requiring rescue analge-
sia between the study groups. 
(*significant, homogenous 
groups had the same symbol 
“a,b,c” based on post hoc Bon-
ferroni test)

Fig. 5   Richmond Agitation–
Sedation Scale (RASS) between 
the study groups [*significantly 
different group based on post 
hoc Bonferroni test following 
Kruskal–Wallis test (●outlier 
reading)]
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pain control [8]. As a result of a dose-dependent relationship 
between the risk of RD and the dose of ITM, a ceiling dose 
of ≤ 0.3 mg ITM was recommended [9]. Current approaches 
have been implemented in monitoring and early recognition 
of patients who develop opioid-induced RD as a potentially 
avoidable cause of death and brain damage following sur-
gery [36].

The research team`s results proved that prophylactic 
administration of 3 mg intravenous granisetron to patients 
receiving 0.3 mg ITM provided extended analgesia up to 
24 h postoperatively with low burden of adverse drug reac-
tions (28–31) in patients undergoing total abdominal hys-
terectomy under general anesthesia as compared to ESPB. 
Despite that the ITM group had higher incidences of nau-
sea (P < 0.001) and pruritus (P < 0.001) 24 h after surgery 
compared to the ESPB group, the severity of nausea was 
comparable between the two groups (P > 0.05) (Table 2). 
Compared to ESPB, most of the pruritus cases in the ITM 
group were of a the mild form (P < 0.001) (Table 2) requir-
ing no rescue antipruritic drug (P > 0.05) (Table 2).

This study had several merits. First, the investigators 
demonstrated an efficient way to prepare the dose of ITM 
morphine with a single dilution method. Second, the ITM 
dose was adequate in providing PO analgesia without serious 
side effects (especially RD).Third, the investigators did not 
add ITM to the local anesthetic, which may potentiate the 
analgesic effects of ITM and avoid hemodynamic disruption. 
Fourth, this study had a control group with systemic anal-
gesia alone, which clarified the true analgesic efficiency of 
both ESPB and ITM. Fifth, this study identified the benefits 
related to PO recovery in the ESPB and ITM groups.

Limitations

First, this was a single center study. Therefore, multicenter 
research studies are required to enhance the reproducibility 
and generalizability of the results of this study. However, this 
limitation can be disregarded because Ain-Shams University 
Maternity Hospital is considered as one of the largest ter-
tiary referral hospitals in Egypt. Second, cost-effectiveness 
analysis of the study medications and hospital LOS should 
be addressed in future clinical trials, especially in RLS.

A focus on diversity of analgesic requirements and 
PO pain control protocols following TAH will ameliorate 
patient safety, healthcare quality and PO outcomes, espe-
cially in RLS [37]. It is important to adopt improvements 
for PO pain techniques to identify inefficiencies, ineffective 
care, preventable errors and differences in anesthesia pro-
vider education and experience. ITM is a simple technique 
for extended PO pain relief [8, 9, 22, 38] and it does not 
require additional training or expensive equipment such as 
ultrasound machines [38].

Conclusion

0.3 mg intrathecal morphine was superior to erector spinae 
plane block for postoperative pain relief, 24 h after surgery, 
regarding attenuated stress response, lower pain scores at 
rest and on coughing and lower tramadol consumption.

Acknowledgements  The investigators of this clinical trial express 
gratitude for the tremendous efforts made by the anesthesia residents 
and the nursing staff for their contributions to fulfill this work.

Funding  Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data availability  Data are available from the authors upon reason-
able request and with permission of Ain-Shams University Maternity 
Hospital.

Declarations 

Competing interests  All authors have no conflict of interest to declare.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References:

	 1.	 Kamel AAF, Amin OAI, Ibrahem MAM. Bilateral ultrasound-
guided erector spinae plane block versus transversus abdominis 
plane block on postoperative analgesia after total abdominal hys-
terectomy. Pain Physician. 2020;23(4):375–82.

	 2.	 Gao L, Mu H, Lin Y, Wen Q, Gao P. Review of the current situa-
tion of postoperative pain and causes of inadequate pain manage-
ment in Africa. J Pain Res. 2023;29(16):1767–78.

	 3.	 Dunkman WJ, Manning MW. Enhanced recovery after surgery 
and multimodal strategies for analgesia. Surg Clin North Am. 
2018;98(6):1171–84.

	 4.	 Malla MS, Ashraf S, Najib R, Hakeem A. Ultrasound-guided 
quadratus lumborum block verses transversus abdominis plane 
block for post-operative analgesia in patients undergoing total 
abdominal hysterectomy: a prospective observational study. Asian 
J Med Sci. 2021;12(11):119–24.

	 5.	 Tulgar S, Kapakli MS, Senturk O, Selvi O, Serifsoy TE, Ozer 
Z. Evaluation of ultrasound-guided erector spinae plane block 
for postoperative analgesia in laparoscopic cholecystectomy: a 
prospective, randomized, controlled clinical trial. J Clin Anesth. 
2018;49:101–6.

	 6.	 Fares KM, Mohamed SA, Abdel-Ghaffar HS. High dose intrathe-
cal morphine for major abdominal cancer surgery: a prospective 

http://creativecommons.org/licenses/by/4.0/


310	 Journal of Anesthesia (2025) 39:299–310

double-blind, dose-finding clinical study. Pain Physician. 
2014;17(3):255–64.

	 7.	 Meylan N, Elia N, Lysakowski C, Tramèr MR. Benefit and risk of 
intrathecal morphine without local anesthetic in patients under-
going major surgery: meta-analysis of randomized trials. Br J 
Anesth. 2009;102(2):156–67.

	 8.	 Koning MV, Klimek M, Rijs K, Stolker RJ, Heesen MA. Intrath-
ecal hydrophilic opioids for abdominal surgery: a meta-analy-
sis, meta-regression, and trial sequential analysis. Br J Anesth. 
2020;125(3):358–72.

	 9.	 Foadi N, Karst M, Frese-Gaul A, Rahe-Meyer N, Krömer S, Weil-
bach C. The improved quality of postoperative analgesia after 
intrathecal morphine does not result in improved recovery and 
quality of life in the first 6 months after orthopedic surgery: a ran-
domized controlled pilot study. J Pain Res. 2017;9(10):1059–69.

	10.	 Cusack B, Buggy DJ. Anesthesia, analgesia, and the surgical stress 
response. BJA Educ. 2020;20(9):321–8.

	11.	 DeSousa KA, Chandran R. Intrathecal morphine for post-
operative analgesia: current trends. World J Anesthesiol. 
2014;3(3):191–202.

	12.	 Ashoor TM, Kassim DY, Esmat IM. A randomized controlled 
trial for prevention of postoperative nausea and vomiting 
after laparoscopic sleeve gastrectomy: aprepitant/dexametha-
sone vs mirtazapine/dexamethasone. Anesthesiol Res Pract. 
2022;30(2022):3541073.

	13.	 Sharpe EE, Molitor RJ, Arendt KW, Torbenson VE, Olsen DA, 
Johnson RL, Schroeder DR, Jacob AK, Niesen AD, Sviggum HP. 
Intrathecal morphine versus intrathecal hydromorphone for anal-
gesia after cesarean delivery: a randomized clinical trial. Anes-
thesiology. 2020;132(6):1382–91.

	14.	 Belay Bizuneh Y, Fitiwi Lema G, Yilkal Fentie D, Woldegerima 
Berhe Y, Enyew AH. Assessment of patient’s satisfaction and 
associated factors regarding postoperative pain management at the 
university of gondar compressive specialized hospital, Northwest 
Ethiopia. Pain Res Manag. 2020;12(2020):8834807.

	15.	 Jaccard J, Becker MA, Wood G. Pairwise multiple comparison 
procedures: a review. Psychol Bull. 1984;96:589–96.

	16.	 Hintze J. Power analysis sample size system (PASS) quick start 
manual: Kaysville: NCSS; 2011.

	17.	 Altıparmak B, Korkmaz Toker M, Uysal AI, Kuşçu Y, Gümüş 
DS. Ultrasound-guided erector spinae plane block versus oblique 
subcostal transversus abdominis plane block for postoperative 
analgesia of adult patients undergoing laparoscopic cholecystec-
tomy: Randomized, controlled trial. J Clin Anesth. 2019;57:31–6.

	18.	 Gürkan Y, Aksu C, Kuş A, Yörükoğlu UH. Erector spinae plane 
block and thoracic paravertebral block for breast surgery com-
pared to IV-morphine: a randomized controlled trial. J Clin 
Anesth. 2020;59:84–8.

	19.	 Luis-Navarro JC, Seda-Guzmán M, Luis-Moreno C, Chin KJ. 
Erector spinae plane block in abdominal surgery: case series. 
Indian J Anesth. 2018;62(7):549–54.

	20.	 Cohen E. Intrathecal morphine: the forgotten child. J Cardiothorac 
Vasc Anesth. 2013;27(3):413–6.

	21.	 Sarma VJ, Boström UV. Intrathecal morphine for the relief of 
post-hysterectomy pain–a double-blind, dose-response study. Acta 
Anaesthesiol Scand. 1993;37(2):223–7.

	22.	 Beaussier M, Weickmans H, Parc Y, Delpierre E, Camus Y, 
Funck-Brentano C, Schiffer E, Delva E, Lienhart A. Postopera-
tive analgesia and recovery course after major colorectal surgery 
in elderly patients: a randomized comparison between intrathecal 
morphine and intravenous PCA morphine. Reg Anesth Pain Med. 
2006;31(6):531–8.

	23.	 Hein A, Rösblad P, Gillis-Haegerstrand C, Schedvins K, Jakob-
sson J, Dahlgren G. Low dose intrathecal morphine effects on 

post-hysterectomy pain: a randomized placebo-controlled study. 
Acta Anaesthesiol Scand. 2012;56(1):102–9.

	24.	 Coppolino F, Sansone P, Porfidia C, Passavanti MB, Pota V, Giac-
cari LG, Aurilio C, Pace MC. The effect of ultrasound-guided 
erector spinae plane block combined with dexmedetomidine for 
postoperative pain management in lumbar spine surgery: a case-
based discussion. Front Anesthesiol. 2023;2: 984225.

	25.	 Karaman S, Kocabas S, Uyar M, Zincircioglu C, Firat V. Intrathe-
cal morphine: effects on perioperative hemodynamics, postopera-
tive analgesia, and stress response for total abdominal hysterec-
tomy. Adv Ther. 2006;23(2):295–306.

	26.	 Ivascu R, Torsin LI, Hostiuc L, Nitipir C, Corneci D, Dutu M. The 
surgical stress response and anesthesia: a narrative review. J Clin 
Med. 2024;13(10):3017.

	27.	 Aly M, Ibrahim A, Farrag W, Abdelsalam K, Mohamed H, Taw-
fik A. Pruritus after intrathecal morphine for cesarean delivery: 
incidence, severity and its relation to serum serotonin level. Int J 
Obstet Anesth. 2018;35:52–6.

	28.	 Gulhas N, Erdil FA, Sagir O, Gedik E, Togal T, Begec Z, Ersoy 
MO. Lornoxicam and ondansetron for the prevention of intrathe-
cal fentanyl-induced pruritus. J Anesth. 2007;21(2):159–63.

	29.	 Koju RB, Gurung BS, Dongol Y. Prophylactic administration of 
ondansetron in prevention of intrathecal morphine-induced pruri-
tus and post-operative nausea and vomiting in patients undergoing 
caesarean section. BMC Anesthesiol. 2015;17(15):18.

	30.	 Becker LM, Teunissen AJW, Koopman JSHA. Prevention and 
treatment of neuraxial morphine-induced pruritus: a scoping 
review. J Pain Res. 2022;4(15):1633–45.

	31.	 Tan T, Ojo R, Immani S, Choroszczak P, Carey M. Reduction of 
severity of pruritus after elective caesarean section under spinal 
anaesthesia with subarachnoid morphine: a randomised com-
parison of prophylactic granisetron and ondansetron. Int J Obstet 
Anesth. 2010;19(1):56–60.

	32.	 Chen FC, Zhu J, Li B, Yuan FJ, Wang LH. Stability of trama-
dol with three 5-HT3 receptor antagonists in polyolefin bags 
for patient-controlled delivery systems. Drug Des Devel Ther. 
2016;3(10):1869–75.

	33.	 Savant K, Khandeparker RV, Berwal V, Khandeparker PV, Jain 
H. Comparison of ondansetron and granisetron for antiemetic 
prophylaxis in maxillofacial surgery patients receiving general 
anesthesia: a prospective, randomised, and double blind study. J 
Korean Assoc Oral Maxillofac Surg. 2016;42(2):84–9.

	34.	 Gan TJ. Poorly controlled postoperative pain: prevalence, conse-
quences, and prevention. J Pain Res. 2017;25(10):2287–98.

	35.	 Whang BY, Jeong SW, Leem JG, Kim YK. Aspiration pneumoni-
tis caused by delayed respiratory depression following intrathecal 
morphine administration. Korean J Pain. 2012;25(2):126–9.

	36.	 Ayad S, Khanna AK, Iqbal SU, Singla N. Characterisa-
tion and monitoring of postoperative respiratory depression: 
current approaches and future considerations. Br J Anesth. 
2019;123(3):378–91.

	37.	 Azari L, Santoso JT, Osborne SE. Optimal pain manage-
ment in total abdominal hysterectomy. Obstet Gynecol Surv. 
2013;68(3):215–27.

	38.	 Rawal N. Intrathecal opioids for the management of post-operative 
pain. Best Pract Res Clin Anesthesiol. 2023;37(2):123–32.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Comparison of the postoperative analgesic efficacy of the ultrasound-guided erector spinae plane block and intrathecal morphine in patients undergoing total abdominal hysterectomy under general anesthesia: a randomized controlled trial
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	IRB 
	Trial registration number 

	Introduction
	Methods
	Ethics
	Study population
	Randomization and blinding
	Study non-dependent protocol
	Study-dependent protocol
	US-guided ESPB technique

	ITM group
	Parameters and outcomes
	Laboratory analysis
	Statistical analysis
	Power of the study
	Data analysis


	Results
	Discussion
	Limitations
	Conclusion
	Acknowledgements 
	References




