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ORIGINAL CLINICAL RESEARCH 

Analgesic and Opioid-Sparing Effects of Ultrasound-Guided Transversus Ab-

dominis Plane Block for Open Laparotomies 

Temitope Akindele Owoniya1, Abayomi Kolawole Ojo2*, Idowu 

Olurotimi Aaron3, Adedapo Omowonuola Adetoye3, Simeon Olugbade 

Olateju3, Folayemi Aramide Faponle3 

 

Abstract 

Background: Transversus abdominis plane (TAP) block provides effective surgical analgesia but 

remains underutilised in Nigeria. 

Aim: We explored the postoperative analgesic and opioid-sparing effects of TAP block.  

Method: Sixty-two patients, aged 18 – 65 years, with American Society of Anesthesiologists 

(ASA) physical status I, II, and III, undergoing open laparotomy (OL) were randomized into two groups. 

After induction, group A received ultrasound-guided TAP blocks with 40 ml plain bupivacaine 0.25% and 

conventional analgesia, while group B received conventional analgesia only. All patients were given stand-

ardized anesthesia. After the surgery, the number of patients that requested rescue analgesic, the time to the 

first request for rescue analgesic, the total amount, postoperative Visual Analogue Scale (VAS) pain scores 

at 0, 3, 6, 12 and 24 hours, side effects, and satisfaction scores were compared.  

Results: Demographic profile was comparable between the two groups. The number of patients 

that requested rescue analgesic was significantly lower in group A (11, 35.48%) than in group B (22, 

70.96%, p-value 0.001). The time to request first rescue analgesics was prolonged in group A (327.9 ± 

62.30 mins) versus group B (189.55 ± 33.82 mins, p-value < 0.001). The postoperative VAS pain scores 

were statistically lower in group A versus group B at 0, 3, 6, and 12 hours; however, VAS scores were 

comparable at 24 hours (p-value 0.179). The total rescue morphine consumed was lesser in group A 

(18.60 ± 4.01 mg) versus group B (25.68 ± 4.44 mg, p-value 0.001). Satisfaction scores were better in group 

A compared to group B (p-value 0.004).  

Conclusion: In open laparotomies, TAP block decreased the postoperative VAS pain scores in the 

first 12 hours, rescue analgesic requests, and prolonged time to request for rescue analgesic, with better 

satisfaction scores, compared to conventional analgesia. Ultrasound-guided TAP block can be considered 

a safe technique and feasible in low-resource settings. 

 
Keywords: Laparotomy; Pain; Morphine; Analgesia, Postoperative
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Introduction 

Open laparotomies (OL) account for 

approximately 30% of surgeries in Nige-

ria.1 Indications include abdominal bleeding, 

abscess, peritonitis, obstruction, tumor resec-

tion, hernia repair, organ transplantation, and 

failed laparoscopies. Other indications in-

clude cholecystectomies, myomectomies, 

hysterectomies, and colorectal surgeries.2  

OLs are major and invasive surgeries, 

that are associated with significant postoper-

ative pain. Poor postoperative analgesia im-

pairs coughing and effective breathing and 

promotes hypoventilation, atelectasis, hy-

poxia, chest infection, ileus, thromboembo-

lism, hyperglycemia, and delayed recov-

ery.1,2   

Despite the advances in pain medi-

cine, postoperative analgesia remains sub-

optimal in sub-Saharan Africa, with a moder-

ate to severe postoperative pain incidence of 

56 – 79.6%.3  

Although opioids are the mainstay 

agents, their use in sub-Saharan Africa is 

constrained by scarcity, adverse effects, strin-

gent regulations, poor protocols, fear of side 

effects, restricted access, and limited number 

of pain specialists.4 Alternatives, such as 

non-steroidal anti-inflammatory drugs 

(NSAIDS), ketamine, magnesium, 

gabapentin, lidocaine,5 wound infiltra-

tion,6 ilio-inguinal/ilio-hypogas-

tric (IIIH) nerve blocks,7,8 quadratus lumbo-

rum block8 and neuraxial analgesia,9  have 

produced varying outcomes.  

Transversus abdominis plane (TAP) 

block provides effective surgical analgesia in 

various abdominal surgeries.2 It blocks the 

ventral rami of intercostal nerves of pain fi-

bers (T7 – L1) in the plane between the trans-

versus abdominis (TA) and internal oblique 

(IO) muscles, supplying the abdominal 

wall.2,10 It is simple, safe, and less inva-

sive. Its analgesic efficacy is comparable 

with epidural block, the current gold standard 

in pain management.2 Ultrasound (USS) 

guidance enhances its accuracy with real-

time visualization and reduced complica-

tions.2,10 In addition, it avoids the challenges 

of epidural block such as cardiac and respira-

tory complications, motor blockade, infec-

tion, dural puncture, urinary retention, cathe-

ter dislodgement and failed place-

ment.10,11 However, its use in LRCs is lim-

ited.4   

The aim of our study is to assess the 

opioid-sparing effect of USS-guided TAP 

block in patients undergoing open laparoto-

mies. 

Materials And Methods 

Study design, setting, and date 
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This clinical, prospective, and ran-

domised trial was conducted at Obafemi 

Awolowo University Teaching Hospitals 

Complex (OAUTHC), Ile–Ife, Nigeria, be-

tween May 2022 and November 2023. The 

Ethics and Research Committee of the hospi-

tal gave clearance with protocol No: 

ERC/2022/05/11.   

Eligibility criteria 

Adult patients between the age of 18 

– 65 years of both genders, with American 

Society of Anesthesiologists (ASA) physi-

cal status I, II, and III, scheduled for elective 

OLs were included. Consent refusal, chronic 

analgesic use, infection at the needle punc-

ture site, allergy to opioids, local anesthet-

ics (LAs) and other study drugs, chronic an-

algesic use, bleeding diathesis, severe car-

diac, lung, renal, and hepatic disease, cyesis, 

body mass index (BMI) ≥ 30 kg/m2, and be-

havioral illnesses were the exclusion criteria  

Randomization, allocation concealment, and 

blinding  

A table of random numbers was used 

to assign patients, in blocks of fours, to en-

sure uniformity. Numbers were written 

on level cards and stored in opaque enve-

lopes. For each patient, the successive enve-

lope was opened to reveal the group assign-

ment.   

Patients in group A received USS-

guided bilateral TAP block using 40 ml of 

0.5% plain bupivacaine alongside conven-

tional analgesia (CA), while patients in group 

B received CA consisting only of IV diclo-

fenac 50 mg 8-hourly for 48 hours. 

An anesthetist (with five years of ex-

perience) gave induction, conducted the TAP 

blocks in group A only (i.e., did not con-

duct blocks in group B), and exited the thea-

tre (i.e., was not involved in the study after-

wards). Other anesthetists (unaware of the 

grouping) provided monitoring, and rec-

orded study data. Thus, both the patient 

and anesthetist were blinded.  

Procedures 

Patients scheduled for OL were eval-

uated a day before surgery. History, physi-

cal examination, and investiga-

tions, i.e., full blood count, electrolytes, urea 

and creatinine, coagulation, 12-lead electro-

cardiograph (ECG), and plain chest X-ray 

were reviewed. Patients were consented and 

fasted overnight. The TAP block, VAS pain 

scores, and how to request rescue analge-

sic were explained to participants. 

On the day of surgery, the World 

Health Organization (WHO) checklist 

was applied. All drugs were drawn and la-

beled. The portable USS device Butterfly 
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IQ (Guilford, USA), with a linear 

transducer, sterile cover, gel, block needle 

with tubing, were made available.  

Patients were placed in a supine posi-

tion on the operating table. GE–B40 monitor 

(San Diego, USA) was used to assess base-

line pulse rate (PR), non-invasive blood pres-

sure (NIBP), oxygen saturation SpO2, with 

continuous ECG monitoring. Intravascular 

(IV) access was secured with an 18G can-

nula, and atropine 0.02 mg/kg and midazo-

lam 0.03 mg/kg premedication were given.  

Preoxygenation was done with 100% 

oxygen at 5 l/min for 3 – 5 mins with a face-

mask using a closed-circuit system. Induction 

was done with 1.5 – 2 mg/kg propofol and 20 

µg/kg fentanyl. Succinylcholine 2 mg/kg 

was used to facilitate tracheal intubation. 

The correct endotracheal tube placement was 

confirmed by auscultation and capnography. 

Patients were mechanically ventilated us-

ing pancuronium 0.1 mg/kg, as required. An-

esthesia was maintained with isoflurane 

MAC 1 – 3% in oxygen and air mixture. In-

traoperative analgesia was provided 

with IV morphine 0.1 mg/kg, diclo-

fenac 50 mg, and paracetamol 1000 mg. 

TAP block was provided after induc-

tion and before surgical incision, under strict 

asepsis. The anterior abdominal wall was 

prepared with povidone iodine and methyl-

ated spirit. A 10 MHz linear handheld USS 

probe Butterfly IQ, wrapped with a sterile 

sheath with gel, using an oblique sub-

coastal approach, was placed under the costal 

margin, close to the midline, over the upper 

rectus abdominis (RA) muscle. In the subcos-

tal midline, the transversus abdominis 

(TA) were visualized deep to 

RA, whereas lateral, when near the umbili-

cus. Under real-time sonographic guidance, a 

needle was inserted in-plane; the needle tip 

advanced in-between the internal oblique 

(IO) and TA muscles, and 1 – 2 ml LA injec-

tion created a visible plane. With further ad-

vancement, more volume was delivered in 

the oblique subcostal plane from the xiphoid 

process to the anterior iliac crest. The block 

was done with 20 ml on each side, making 40 

ml in total.2,11 Thereafter, surgery was com-

menced. Euvolemia, normo-oxygena-

tion, normocapnia, and normothermia 

were maintained. At the end of surgery, 

the inhalational agent was discontinued, re-

sidual muscle paralysis reversed with atro-

pine 0.02 mg/kg and neostigmine 0.05 

mg/kg, airway suctioned, extubated, oxygen-

ation provided and patient taken to the post-

anesthesia care unit (PACU), where monitor-

ing continued till transfer to the ward, when-

ever patient had achieved the modified 
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Aldrete score ≥ 9. Diclofenac 50 mg IV 8-

hourly was administered to all patients for the 

first 48 hours.  

Patient biodata and other clinical 

characteristics were recorded before sur-

gery. The time taken to perform block was 

noted. Ramsay sedation score (RSS) and 

postoperative VAS pain score were recorded 

at PACU (0-), and 3-, 6-, 12-, and 24-hours. 

Morphine 0.1mg/kg IM was given at VAS 

pain score ˃ 3 or when requested, and there-

after 4-hourly. The time to first request res-

cue analgesic, the number of made requests 

and total opioid consumed in 24-

hours were noted. Also, IV paraceta-

mol 1000 mg was given as rescue analgesic, 

and 6-hourly afterwards. Opioid’s side ef-

fects such as postoperative nausea and vom-

iting (PONV), pruritus, ventilatory depres-

sion, and ileus were assessed over 24 hours. 

PONV was managed with IV metoclo-

pramide 10 mg and/or ondansetron 8 

mg. Satisfaction scores (using 5-point Likert 

scale) were recorded after 24 hours in the 

ward. Patients were observed for signs of 

possible LA toxicity, and manage-

ment plans included naloxone, inotropic, and 

ventilatory support, if required.  

Study outcomes  

The primary outcome of the 

study was the number of requested rescue an-

algesic in 24-hours.  The secondary out-

comes were the postoperative VAS pain 

score at 0-, 3-, 6-, 12-, and 24-hours, the time 

to first request for rescue analgesic, total an-

algesic consumed, side effects, and satisfac-

tion score.   

Also, this study appraises its feasibil-

ity and efficacy in our settings where genet-

ics, geography, and surgical practices differ, 

and provides evidence-based data for advanc-

ing peripheral nerve block (PNB) practices in 

Nigeria.  

Sample size 

The sample size was determined 

based on the primary outcome, namely the 

proportion of patients requiring rescue anal-

gesia within the first 24 hours. The calcula-

tion was based on pilot data reported by Heb-

bard,12 in patients undergoing midline open 

laparotomy, which showed an incidence of 

inadequate analgesia of 30% in the treatment 

group and 70% in the control group (μ₁ – TAP 

block group: 0.5; μ₂ – control group: 1.9). 

Sample size was calculated for the compari-

son of two independent proportions using a 

two-sided Type I error of 5% (α = 0.05; Z₁₋α/₂ 

= 1.96) and a Type II error of 20% (β; Z₁₋β = 

0.80), ensuring 90% study power. Based on 
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these assumptions, the required sam-

ple size was 28 patients per group. After ac-

counting for an anticipated 10% attrition rate, 

the sample size was increased to 31 patients 

per group, resulting in a total of 62 partici-

pants. 

Statistical analysis  

Data was cleaned and analyzed us-

ing SPSS 25.0 (IBM, USA). Demographics 

were presented using descriptive statistics. 

Frequencies and proportions were used for 

categorical data, e.g., sex, ASA, and number 

of rescue doses, and summarized with Stu-

dent's t-test. Mean and standard deviation 

were used for continuous data, e.g., VAS pain 

scores, and summarized using the Chi-square 

test. A p-value < 0.05 was considered statis-

tically significant.   

Results  

Sixty-seven patients were recruited; 

however, five did not provide a consent, thus 

62 completed the study (Figure 1). De-

mographics and clinical profile i.e., age, sex, 

ASA status, height, weight, and BMI were 

not different between the two groups. The 

surgery duration, time to conduct the TAP 

block, co-morbidities, and type of proce-

dures were also not different between the two 

groups (Table 1).  

The number of patients requiring res-

cue analgesics was statistically lower 

in group A compared to group B (Ta-

ble 2). The mean total rescue analgesic con-

sumed was 18.60 ± 4.01 mg in group A and 

was significantly smaller than group B (25.68 

± 4.44, p-value 0.001). The mean total para-

cetamol consumed was significantly smaller 

in group A compared to group B (Ta-

ble 2). The mean time to request rescue anal-

gesics was significantly longer in group A 

compared to group B (Table 2).  

The mean postoperative VAS pain 

scores at 0, 3, 6, and 12 hours were statisti-

cally lower in group A compared with 

group B; however, scores were comparable 

at 24 hours (Table 3).  

The mean PONV incidence was sta-

tistically higher in group B (11, 35.5%) ver-

sus group A (4, 12.9%, p-value=0.006). 

There were no cases of ventilatory depres-

sion, ileus, hypoventilation, allergy, and se-

vere hypotension in both groups. The Ram-

say sedation score (RSS) was higher in 

Group A compared to B at 0- and 3-hours (p-

value 0.001 and 0.037 respectively) but com-

parable at 6, 12, and 24 hours (p-values 

0.296, 0.209, and 1.000). The satisfaction 

scores were better in group A compared to 

group B (Table 4).  
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Figure 1. Study flow diagram. 
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Table 1. Demographic and clinical characteristics.  

  
  Group A  Group B  p-value  

  (n = 31)  (n = 31)   

Age (years)  41.84 ± 14.53  43.84 ± 17.22  0.623  

Male, n (%) 16 (51.6)  19 (61.3)  0.442  

Female, n (%)  15 (48.4)  12 (38.7)    

ASA physical status, n (%)        

I  8 (25.8)  2 (6.5)    

II  11 (35.5)  4 (12.9)  0.811  

III  12 (38.7)  12 (38.7)    

Height (m)  1.64 ± 0.08  1.68 ± 0.10  0.083  

Weight (kg)  59.10 ± 12.48  62.55 ± 10.91  0.251  

BMI (kg/m²)  22.02 ± 4.76  22.08 ± 3.03  0.955  

Duration of surgery (min)   163.97 ± 66.86  154.58 ± 60.61  0.565  

TAP block conduct time (min)  7.17 ± 1.58  8.02 ± 1.16  0.472  

Co-morbidities, n (%)        

Hypertension  6 (19.4)  7 (22.6)    

Diabetes mellitus  4 (12.9)  6 (19.3)  0.663  

Asthma  1 (3.2)  0 (0.0)    

Nil  20 (64.5)  18 (58.1)    

Procedures, n (%)        

Appendectomy  5 (16.1)  3 (9.7)    

Repair of perforated viscus  4 (12.9)  8 (25.8)    

Whipple’s/biliary surgery  3 (9.7)  4 (12.9)    

Mesh herniorrhaphy  3 (9.7)  1 (3.2)    

Hepatectomy  1 (3.2)  3 (9.7)  0.362  

Abdominal tumor excision  3 (9.7)  4 (12.9)    

Colostomy formation  2 (6.5)  5 (16.1)    

Colostomy reversal  3 (9.7)  2 (6.5)    

Open cholecystectomy  2 (6.5)  0 (0.0)    

Gastrectomy/gastrojejunostomy  3 (9.7)  0 (0.0)    

    Hemicolectomy  2 (6.5)  1 (3.2)    

 Data is presented either as n (%) and mean ± standard deviation  
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Table 2. Total postoperative rescue morphine consumption profile   

  

  Group A  Group B  p-value  

  (n = 31)  (n = 31)    

Number of patients who required rescue anal-

gesic doses  

11 (35.48)  22 (70.96)  0.001  

Total morphine consumed (mg)  18.60 ± 4.01  25.68 ± 4.44  0.001  

Total rescue paracetamol consumed (mg)  1114.52 ± 305.29  3090.22 ± 676.93   0.001  

Time to request the first rescue morphine 

(mins)  

327.9 ± 62.30  

  

189.55 ± 33.82  

  

< 0.001  

 Data is presented either as n (%) or mean ± standard deviation. 

  

  

Table 3. Postoperative VAS pain scores.  

  

  Group A  Group B  p-value  

  (n = 31)  (n = 31)    

0 hour  3.14 ± 1.49  5.79 ± 2.71  < 0.001  

3 hours  3.55 ± 1.07  5.20 ± 2.05  < 0.001  

6 hours  3.65 ± 0.89  4.35 ± 1.23  0.012  

12 hours  3.24 ± 0.81  4.10 ± 1.01  < 0.001  

24 hours  3.22 ± 0.81  3.52 ± 0.94  0.179  

 Data is presented as mean ± standard deviation. 
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Table 4. Comparison of side-effects profile and satisfaction scores   

  

  Group A  Group B  p-value  

  (n = 31)  (n = 31)    

Side effects         

    PONV  4 (12.9)  11 (35.5)  0.006  

    Ileus  0 (0.0)  0 (0.0)  —  

    Hypoventilation  0 (0.0)  0 (0.0)  —  

    Allergy  0 (0.0)  0 (0.0)  —  

Sedation score (hour)        

0  1.84 ± 0.37  1.58 ± 0.51  0.001  

3  1.74 ± 0.45  1.55 ± 0.51  0.037  

6  1.71 ± 0.46  1.71 ± 0.50  0.296  

12  1.84 ± 0.37  1.82 ± 0.60  0.209  

24  1.90 ± 0.30  1.90 ± 0.47  1.000  

Satisfaction score        

1 – Very dissatisfied 0 (0.0)  0 (0.0)    

2 – Dissatisfied 1 (3.2)  4 (12.9)    

3 – Neutral 3 (9.7)  6 (19.4)  0.004  

4 – Satisfied 10 (32.3)  14 (45.1)    

5 – Very satisfied 17 (54.8)  7 (22.6)    

 Data is presented either as n (%) or mean ± standard deviation. 
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Discussion  

This study showed that in patients 

who had OLs under general anesthesia, USS-

guided bilateral TAP block decreased the 

number of patients requiring rescue analge-

sics, the total analgesics consumed, the side 

effects, the postoperative VAS pain scores, 

but prolonged the time to request rescue an-

algesic, with better satisfaction scores, com-

pared to conventional analgesia.   

This outcome adds to the growing 

body of literature supporting USS-

guided TAP block as a component of effec-

tive multimodal analgesia and shows its fea-

sibility in low-resource settings.  

The demographic characteristics and 

ASA physical status of patients in our study 

were comparable to those reported in previ-

ous studies.8,9,13 We found that ultrasound-

guided TAP block is a simple and easy-to-

perform technique, with the time required to 

perform the block being comparable to that 

reported in other studies.9,14 Our observation 

shows that USS-guided TAP block does not 

waste time nor delay surgery, which is useful 

in life-saving, and time sensitive emergen-

cies.10  

This study reported that the 

TAP block reduces the proportion of patients 

requesting rescue analgesics. Other stud-

ies9,13 reported similar findings. The 

TAP block provides effective somatic anal-

gesia through anterior abdominal wall nerves 

(T7–L1) blockade, precluding nociceptive 

transmission, and central sensitization.  

We found that the TAP block low-

ers the mean postoperative VAS pain scores 

in the first 12 hours and prolongs the time 

to request rescue analgesic in OL pa-

tients. Mowar et al9 reported a twice elonga-

tion of analgesia duration than our finding, 

probably because OL is more invasive than 

herniorrhaphy. Other studies reported similar 

findings after myomectomies,13 hysterecto-

mies,15 colorectal surgeries,16 and abdomi-

noplasties,17 demonstrating its broad applica-

bility, across different surgeries, i.e., general, 

obstetric, gynecological, and oncological 

surgeries.2,11   

The reduced rescue analgesic use by 

TAP block reported in our study, is similar 

to other studies.9,13 Its opioid-sparing proper-

ties improve safety, as opioid is associated 

with PONV, sedation, bladder retention, in-

testinal dysfunction, respiratory depression, 

and delayed recovery.2  

Our study highlights that USS guid-

ance ensures consistency, accommodates 

variation, and ensures accurate LA deposi-

tion for optimal efficacy. Associated factors 

include good sonoanatomy knowledge, 

probe handling, and hand–eye coordination. 
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High-frequency linear transducers, 

precise imaging, probe alignment, and nee-

dle visualization improve outcomes, 

while obesity, oedema, scarring, prior sur-

gery, and poor positioning may impair image 

quality.10,11  

TAP block provides somatic analge-

sia. However, the pain accompanying OL 

has both somatic and visceral components. 

Skin, subcutaneous tissue, aponeuroses, and 

transversalis fascia are somatic and inner-

vated by intercostal (T6–12), iliohypogastric 

(L1), ilioinguinal (L1) and genitofemoral 

(L1–2) nerves. The visceral peritoneum, gut, 

bladder, uterus, and mesentery transmit pain 

via sympathetic (T5–L2) and vagal pathways. 

Thus, effective analgesia requires multilevel 

blockade combining regional and systemic 

techniques.2,11  

The analgesic efficacy of TAP block 

is comparable to neuraxial analgesia.9,18 As 

nerves exit the spinal cord; the volume in-

creases while epineural density declines. The 

nonneural tissue increases distally compare 

neural tissue, which explains the rapid effect 

in neuraxial block versus delayed onset in 

TAP blocks.2 Compared to epidural 

block,18 TAP block provides minimal cardio-

vascular depression, which is useful in pa-

tient with borderline cardiac re-

serve. Also, TAP block has been shown to 

be more effective than ilioinguinal–iliohypo-

gastric (IIIH) nerve block,7,8 wound infiltra-

tion,13 local fascia and subcutaneous tissue 

infiltration,19 and intraperitoneal and peri-

portal infiltration.20  

In contrast, quadratus lumborum 

(QL) block provides superior analgesia com-

pared to TAP block.8 This may be due to the 

extensive LA spread in the thoracolumbar 

fascial including the paravertebral 

space, which engages multiple dermatomes, 

providing both somatic and visceral modula-

tion, as well as reduced vascular uptake.2,10  

Three main approaches to the 

TAP block have been described. The lateral 

approach is used in infra-umbilical incisions, 

as it covers the anterior cutaneous branches 

of T10–12. The posterior approach lasts 

longer due to LA circulation into the T4–L1 

paravertebral space. The subcostal approach, 

where LA is deposited between RA and TA, 

blocks T7–L1, thus providing analgesia 

above T10.2,10  

The landmark technique of the 

TAP block is also effective. Kahsay et 

al21 observed that the landmark approach re-

duces postoperative VAS pain score at rest 

and on movement for 24-hours after CS. This 

is beneficial in LRCs where USS devices and 

training are limited.   



225 

                                           M.E.J. ANESTH 33 (2), 2026 

The TAP block is versatile. It may be 

performed before surgery, as in this study, 

but also after surgery. In OLs, it can be 

given intra-abdominally before fascial clo-

sure, or transdermal, and as unilateral block 

in appendicectomy or bilateral, in midline or 

Pfannenstiel incisions.2,7,8 It is easy to admin-

ister, but it is user and skill dependent. Con-

siderable training is required, as untrained 

operators may achieve efficacy comparable 

to placebo.22  

Griffiths JD et al23 observed a con-

trary report to our findings. They noted 

that the TAP block provides no difference 

in analgesic profile, rescue opioid 

use, and side effects versus control. How-

ever, a wide surgical range, poor supra-um-

bilical coverage with posterior approach, and 

concurrent use of acetaminophen, parecoxib, 

and patient-controlled analgesia (PCA) pro-

ducing near-maximal analgesia, are con-

founding variables in their study.  

This study demonstrates that TAP 

block reduces PONV incidence, consistent 

with previous findings.16 OL is a recog-

nized PONV trigger, which increases mor-

bidity. Factors such as bowel traction, vagal 

stimulation, ileus, abdominal collections, and 

drains should be minimized.  

This study reports no allergies, il-

eus, or hypoventilation. Also, there is no 

local anesthetic systemic toxicity (LAST) in-

cidence or block-related complications, e.g., 

bleeding, infection, or bowel puncture. This 

confirms its safety. The better satisfaction 

scores emphasize TAP block’s favora-

ble profile, similar to the other findings.9,16  

Limitations 

The single-center design may limit 

the generalizability of our findings. Although 

the subcostal TAP block provides analgesia 

to the anterior cutaneous branches of T5–

T10, it may not adequately cover the in-

fraumbilical component of the midline inci-

sion commonly encountered in open laparot-

omies. In addition, our study was limited to a 

24-hour follow-up period, whereas evalua-

tion of a longer analgesic profile would pro-

vide a more comprehensive assessment. Alt-

hough patient-controlled analgesia (PCA) 

would have allowed more accurate quantifi-

cation of opioid consumption, it was not 

available at our institution. Finally, variations 

in surgical technique, particularly in soft tis-

sue handling, may have contributed to in-

terpatient variability in postoperative pain 

outcomes. 

Conclusion 

In conclusion, our study demonstrates 

that ultrasound-guided bilateral TAP block 
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reduces the number of patients requir-

ing rescue analgesia and prolongs the dura-

tion of postoperative analgesia with minimal 

side effects in patients undergoing open lapa-

rotomy. Ultrasound-guided TAP block is a 

safe, feasible, and effective analgesic tech-

nique 

Recommendations 

Although it requires initial invest-

ment and training, USS-guided TAP 

block represents a practical, and cost-effec-

tive analgesic strategy in LRCs.  
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ORIGINAL CLINICAL RESEARCH 

Challenges in Interpreting ACGME Resident/Fellow and Faculty Survey Data: 

Insights from an Anesthesiology Program 

Matthew Wecksell1* 

Abstract 

Background: The Accreditation Council for Graduate Medical Education (ACGME) 

annual Resident/Fellow and Faculty Survey is a central component of residency program 

accreditation, yet limitations in survey design, interpretation, and external influences 

may impact its utility. We aim to demonstrate that a raw, question by question, review of 

ACGME annual survey results does not provide as comprehensive a picture of a program as a 

more contextualized assessment would. 

Methods: We analyzed survey results from a single anesthesiology residency program’s 

2024-2025 survey, focusing on interprofessional teamwork, work hours and educational balance, 

wellness initiatives, and seasonality of survey administration. This program has 53 residents and 

all replied to the survey.  

Results: In many areas, our residents’ responses were not sensibly compatible with either 

other responses or the nature of the discipline of anesthesiology. Only 63% of respondents 

strongly agreed that “interprofessional teamwork skills are modeled or taught despite all 

operative anesthesia happening for surgery performed by an interprofessional team of 

anesthesiologists, surgeons, and nurses. Only 38.8% of the residents strongly agreed that “the 

amount of work I am expected to complete in a day is reasonable” despite reporting working at 

least 25 hours per week less than allowed.  

Conclusion:  ACGME survey items may not map cleanly onto the clinical realities of 

highly integrated, supervision-intensive specialties such as anesthesiology, leading to internal 

inconsistencies when interpreted without contextual anchors. 
 

Keywords:  Graduate Medical Education; Anesthesiology; Surveys and Questionnaires; 

Workload; Reproducibility of Results; Program Evaluation.  
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Introduction 

The ACGME requires residency 

programs to administer an annual 

Resident/Fellow and Faculty Survey to assess 

core accreditation risk areas. These survey 

results are a primary data source for 

review committees and are used to assess 

program compliance with ACGME rules.1 In 

addition to a common survey framework sent 

to programs in all disciplines, the ACGME 

Resident Survey also includes specialty-

specific questions. While the exact questions 

are not published, it is believed that potential 

limitations exist in question design, 

interpretation, and external influences such as 

seasonality. Concerned about issues with 

survey validity,1,2 the aim of this study was to 

identify and highlight the challenges related 

to the ACGME survey of an anesthesiology 

residency program. 

 

Materials And Methods 

The Accreditation Council for 

Graduate Medical Education (ACGME) 

administers a mandatory annual survey to 

trainees in American residency programs. As 

this survey is mandatory, and used for quality 

and accreditation purposes, neither IRB 

approval nor consent are required prior to its 

administration. Programs must meet specific 

response thresholds (e.g., a minimum of 70% 

completion) for aggregate reports to be 

generated. The survey is administered online, 

and results are tabulated and reviewed by the 

ACGME, who then provides those 

aggregated reports to each program. These 

reports show averaged results for each topic 

of inquiry for the program in question, for all 

training programs in that discipline, and for 

all training programs in the United 

States. The questions are standardized for all 

training programs in the United States 

and are not provided publicly.3  

Survey results from the 2024-5 

administration to anesthesia residents at our 

institution were reviewed, focusing on: (1) 

interprofessional teamwork, (2) workload 

and conference participation, (3) wellness 

instruction, and (4) timing of survey 

administration. Our program has 

53 residents and all responded to the 

survey. Resident-reported work hours were 

compared with national ACGME averages. 

Specialty-specific and national averages were 

obtained from publicly available ACGME 

aggregate data. Focus was made 

on identifying response patterns within the 

survey in which answers to related or 

conceptually overlapping items were 

discordant in a manner that cannot be readily 

reconciled without additional contextual 

information.  
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Results 

Interprofessional Teamwork  

In our anesthesiology program, the 

results for “interprofessional teamwork skills 

modeled or taught” were affirmative for 63% 

(raw score 3.7 / 5) of our residents, as 

compared to the national anesthesiology 

program average of 77% (raw score 4.1), and 

the national all program average of 81% (raw 

score 4.3).  

 

Work Hours and Educational Balance  

Resident perceptions of workload 

were lower than expected, with only 38.8% 

of the residents strongly agreeing that “the 

amount of work I am expected to complete in 

a day is reasonable”. We had a raw score of 

3.3, as compared to a national average score 

of 3.5.  

  

Wellness 

Our department greatly exceeds the 

same specialty and national averages both for 

whether we “provide instruction on 

minimizing the effects of sleep deprivation” 

(96%, vs 87% for other programs in our 

discipline, and 88% for all programs), and for 

providing “Instruction on Maintaining 

Physical and emotional wellbeing” (96%, vs 

87% same specialty and 88% national 

average.)  

 

Discussion  

We question how the ACGME 

RRCs interpret results where multiple 

questions, taken together, present a whole 

that may be different than the view offered by 

just the component parts.  

We believe that ACGME Survey data 

should be interpreted with context. Questions 

whose answers can be interpreted in light 

of each other should be.   

  

Work Hours and Educational Balance  

In our program, the average hours per 

week our residents reported working are 

shown below:  

Average Hours per week:  

PGY-1: 50.69  

CA-1: 56.34  

CA-2: 55.47  

CA-3: 49.1  

For example, the responses to the 

question of whether the workload can be 

completed within the given hours of the 

workweek should be interpreted in the 

context of how many hours residents report 

working each week and how much time 

residents report they have for themselves 

each week.  
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In a country where residents can, and 

often do, work up to 80 hours per week, our 

residents report 25-30 hours per week less 

work than that limit. Whether residents have 

time to complete their work should be looked 

at through the lens of how much time they are 

asked to work.  

On the question of there being an 

“appropriate balance between education 

(e.g., clinical teaching, conferences, lectures) 

and patient care”, our program has 61% 

agreement (raw score 3.7), as compared to a 

specialty average of 75% (raw score 4) and a 

national average of 82% (raw score 4.2). 

Again, this ought to be looked at in light 

of total number of work hours.   

Our institution offers departmental 

quality meetings that often run past 5 pm, and 

multiple educational sessions for the faculty 

that start after 5 pm. (e.g., our faculty often 

present cases at our state professional 

society’s multi-institutional online POCUS 

course.) Such optional educational activities 

occurring outside scheduled hours may not be 

captured as part of the perceived educational 

experience.  

 

Interprofessional Teamwork  

The question of interprofessional 

teamwork is an important one in 

anesthesiology, as anesthesia as provided in 

the operating room is always performed 

to facilitate surgery performed by an 

interprofessional team comprised of 

surgeons, nurses, and other professionals.  

Additionally, the supervision 

standards in anesthesiology require that 

faculty be present, side by side the residents, 

for most of these events. Given the inherently 

team-based and supervision-intensive nature 

of anesthesiology practice, lower agreement 

on this item may reflect variability in how 

respondents interpret ‘modeled 

or taught’, rather than absence of 

interprofessional interaction.  

 

Wellness  

That we get superior scores for 

wellness, low self-reporting for work hours, 

and still have residents reporting a lack of 

time to accomplish their work, or to reflect 

upon it, suggests a tension between perceived 

expectations and educational rigor.  

Indeed, our department education 

office looked at the results of our survey, 

and responded with an action plan that added 

a new non call, no weekend shifts rotation at 

a community hospital. We anticipate that this 

will further lower the number of hours per 

week our residents work, but it is unlikely 

that they will respond by reporting that they 
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have more time to reflect, obtain 

education, etc., on future surveys.   

 

Seasonality  

Additionally, the ACGME resident 

survey opens each year in mid-winter and 

closes in March. Shorter northern daylight 

hours and less sunlight can lead to increased 

fatigue, irritability, and lower motivation4 – 

all of which may show up on the resident 

survey. It is unclear if the ACGME accounts 

for this – or if the seasonality of the survey 

gives a subtle boost to more southern 

programs, and an inadvertent penalty to the 

more northern ones   

That the survey results reveal such 

internal inconsistencies demonstrates a 

limitation of the measurement instrument and 

its interpretation. The ACGME RRCs should 

be clear about this. The survey questions may 

not fully capture clinical realities in 

anesthesiology and other disciplines, 

including faculty supervision requirements 

and integrated patient care. 

Resident perceptions are influenced by work-

hour structure, optional educational sessions, 

and wellness initiatives, which may skew 

results. Seasonality may 

introduce additional variability. 

Interventions designed to improve survey 

scores risk prioritizing perception over 

educational rigor if not carefully balanced.   

While the ACGME survey has been 

previously looked at for validity,1 we are 

unaware of prior studies examining its 

internal consistency, or the validity of its 

questions in regard to any specific medical 

specialty. A limitation of this study was its 

scope being restricted to just one residency 

program at one institution. 

 

Conclusion  

The ACGME annual survey provides 

valuable information but 

has structural limitations 

in survey interpretation as the ACGME 

survey items may not map cleanly onto the 

clinical realities of highly integrated, 

supervision-intensive specialties such as 

anesthesiology, leading to internal 

inconsistencies when interpreted without 

contextual anchors. Program directors and 

RRCs should contextualize survey results 

within specialty-specific practice, objective 

work metrics, and seasonal influences. 

Improving the survey design and 

interpretation can enhance its utility as a tool 

for meaningful program development 

without compromising educational quality.   

Funding: None. 
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ORIGINAL CLINICAL RESEARCH 

Effects of Aromatherapy versus Chewing Gum on Preoperative Anxiety: A 

Three-Arm Randomized Controlled Clinical Trial on Gynecologic Surgical 

Patients  

Omar M Soliman1*, Fatma Al Zahraa Hamed Abdel Hameed2, Seham 

Mohamed Moeen1, Mahmoud K Mesallam3, Shimaa Abbas Hassan1 

Abstract 

Background and aims: Anxiety can cause patients to have poor post-surgery outcomes. 

Finding techniques to alleviate pre-surgery anxiety and minimize unfavorable outcomes in 

patients is essential. This study aimed to test non-pharmacological interventions such 

as aromatherapy versus chewing gum to reduce preoperative anxiety. The primary outcome was 

the preoperative anxiety levels, as assessed by the Speilberger State-Trait Anxiety Inventory 

(STAI) questionnaire. Postoperative sore throat, postoperative nausea and vomiting, and 

postoperative pain were assessed as secondary outcomes. 

Methods: This was a randomized double-blind controlled study. A total of 90 

women were divided into three equal groups. Group A received preoperative aromatherapy. 

Group G received chewing gum. Group C received no intervention. The preoperative 

STAI questionnaire was recorded for the three groups.  

Results: The aromatherapy group showed a significantly lower post-interventional 

anxiety score when compared to the chewing gum and control groups (35.00 (23-54), 44.00 (26-

69), and 48.50 (28-61) respectively, P-value<0.001). The postoperative VAS pain scale was 

significantly different between the aromatherapy, chewing gum, and control groups after the 1st h 

(1.00 (0-5), 1.00 (0-5) and 1.50 (0-6), respectively, P-value=0.013) and 2nd h of follow-up (1.00 

(0-3), 1.00 (0-3) and 2.00 (1-6), respectively, P-value=0.032). 

Conclusion:  Preoperative blend aromatherapy reduces anxiety and pain more effectively 

than chewing gum in middle-aged females undergoing laparoscopic gynecologic surgery. 
 

Keywords:  Anxiety, Aromatherapy, Chewing Gum, Gynecologic Surgical Procedures.  
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Introduction 

Preoperative anxiety is considered a 

risk factor for postoperative complications 

that can be avoided and is believed to affect 

up to 80% of patients undergoing 

surgery.1 This can have a severe impact on 

their physical rehabilitation or recovery.2  

 Aromatherapy is a non-

pharmacological treatment that has gained a 

lot of attention in recent years. It entails 

massaging, inhaling, and bathing with 

essential oils or aroma extracts to increase 

psychological well-being.3 It is commonly 

known that the lavender plant contains linalyl 

acetate, which is a narcotic, as well as 

linalool, which is a sedative. In addition, 

Lavender oil acts as an inhibitor of voltage-

gated calcium channels and N-methyl D-

aspartate receptors.4 Chewing gum could be 

a useful strategy for breaking the link 

between pain and anxiety by elevating 

people's moods.5 Chewing gum, as a 

habit, has been found to reduce tension and 

anxiety during the pre-exam period.6  

We hypothesized that the use of blend 

aromatherapy inhalation and 

chewing gum before surgery can reduce 

preoperative anxiety. The primary 

outcome was the preoperative anxiety 

score. The secondary outcomes were vital 

anxiety signs [systolic blood pressure (SBP), 

diastolic blood pressure (DBP), heart rate 

(HR), and respiratory rate (RR)], and 

postoperative scales [sore throat, nausea and 

vomiting, and visual analogue scale 

(VAS) scores for pain].  

 

Materials And Methods 

Study design and setting 

This double-

blind randomized controlled trial was 

planned in Assiut 

University Hospital and was approved by the 

University's Institutional Review 

Board (17300635) and was registered 

before the patient enrolment at 

ClinicalTrials.gov (NCT04971668). 

The methodology of this study followed the 

Declaration of Helsinki (revised DOH 

2013). Written informed consent 

was obtained from all patients.   

Inclusion and exclusion criteria 

The study involved ninety educated 

adult females (age18–40 years) with 

American Society of Anesthesiologists 

(ASA) physical status I-II undergoing 

elective gynecologic laparoscopy surgery 

under general anesthesia and endotracheal 

tube (ETT). Patients with impaired 

pharyngeal or esophageal function, 

phenylketonuria (contraindication to the 

sweetener aspartame in chewing gum), 
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dentures that are not feasible to chew 

gum, a history of preoperative sore throat, 

upper respiratory tract illness, using 

steroids or analgesia within the last 48 hours, 

chronic smokers, receiving warfarin, heparin, 

full dose 325 mg aspirin, or clopidogrel, and 

having a history or diagnosis of bleeding 

diatheses or any known allergies to ginger or 

lavender, having a head or neck 

surgery, a history of difficult intubation, and 

pregnant women were excluded from the 

study.  

 

Randomization 

A random number sequence created 

by an internet website (http: //www. 

random.org/) was used for patients’ 

allocation. The random number sequence 

was retained in closed opaque envelopes 

released at the time of intervention by an 

independent physician not involved in the 

study. Ninety patients were assigned 

randomly to one of three groups. 

To maintain blinding, patients in group A 

were asked to simulate chewing gum, while 

patients in group G were asked to inhale 

deeply with inert gauze, and patients in group 

C were asked to simulate chewing gum and 

inhale deeply with inert gauze.   

Procedures 

In the holding area, patients were 

administered the Speilberger State-Trait 

Anxiety Inventory (STAI) questionnaire by a 

physician not involved in the study and vital 

signs (SBP, DBP, HR, and RR) were taken 

before study intervention as a first-time 

recording. The STAI takes less than 5 

minutes to complete and can be scored in less 

than 2 minutes. It consists of 20 questions (I 

feel calm, secure, tense, strained, at ease, 

upset, am presently worrying over possible 

misfortunes, satisfied, frightened, 

uncomfortable, self-confident, nervous, 

jittery, indecisive, relaxed, content, worried, 

confused, steady and pleasant) where people 

rate their anxiety from one (not at all) to four 

(very much so), and scores range from 20 to 

80. For example, low anxiety is 20 to 37, 

moderate anxiety is 38 to 44, and high anxiety 

is 45 to 80.7 Fifteen minutes before induction 

of anesthesia, a nurse not involved in the 

study, instructed patients to start the 

interventions. In group A (n=30), three drops 

of the designated blend of aromatherapy 

consisting of ginger and lavender oils 

(AURA CACIA Essential Oils, Urbana, 

USA) were placed on a 2-inch by 2-inch 

impermeable, backed gauze pad and patients 

were asked to inhale deeply for 5 minutes. In 

group G (n=30), patients chewed gum 

(sugar-free) for 5 minutes, and patients in 
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group C (n=30) received no 

intervention and served as a control. Patients 

were shifted to the operating room (OR), then 

were asked the STAI questionnaire again and 

vital signs (SBP, DBP, HR, and RR) were 

assessed for the second-time. Intraoperative 

anti-emetic prophylaxis 

was protocolized according to simplified 

Apfel risk factors, commensurate with 

the consensus guidelines for the management 

of postoperative nausea 

and vomiting (PONV) published by the 

Society for Ambulatory Anesthesia.8 Risk 

factors were female gender, non-smoking 

status, history of PONV or motion sickness, 

or anticipated requirement for postoperative 

opioids (defined as an estimated requirement 

of at least 20 mg oral oxycodone equivalent 

in the first 24 h after surgery, consistent with 

the initial validation trials of the Apfel 

scoring system).9 Patients with one risk factor 

(‘low risk’) received no prophylaxis, patients 

with two or three risk factors (‘medium risk’) 

received dexamethasone 4mg intravenous 

(IV), and patients with four risk factors (‘high 

risk’) received dexamethasone 4mg IV 

and droperidol 0.625 mg.  

Standard 

ASA monitors were applied. Subjects 

received general anesthesia using lidocaine 

(1 mg/kg), propofol (2 mg/kg), fentanyl 

(1µg/kg) and rocuronium (0.6 mg/kg) for 

induction and sevoflurane (2%) in oxygen 

and air for maintenance. Anesthesia depth 

was maintained at a moderate level based 

on a processed electroencephalogram. 

Intraoperative IV maintenance fluid 

was standardized at 3 mL/kg/h 

with additional IV crystalloid given as 

needed at the discretion of 

the anesthesia provider if arterial blood 

pressure decreased >20% from baseline. The 

intubation was performed by one of 

the anesthesiologists, not involved in 

the study and having a minimum of 5 years of 

experience to minimize the confounding 

variables. The size of the endotracheal tube 

was standardized with a 7 mm tube. Initial 

endotracheal cuff pressures were recorded 

and then, throughout the anesthesia, intra 

cuff pressures were maintained at 20–22 

cmH2O using a manometer. The duration of 

surgery 

and anesthesia were recorded. After the 

surgery, antagonism of neuromuscular block 

was accomplished with neostigmine and 

glycopyrrolate. Before extubation, patients 

were given 1gm paracetamol IV for 

postoperative analgesia. The oropharynx was 

aspirated, the patient’s trachea was 

extubated, and the patient was transferred to 

the post-anesthesia care unit (PACU). On 
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arrival in PACU, the patient 

was immediately evaluated by an observer 

for the presence of postoperative sore throat 

(POST) at time 0 hours using 

a standardized scale. The severity of POST 

was graded on a 4-point scale ranging from 0 

to 3: 0 being no sore throat, 1 being mild 

discomfort (complaints only with 

questioning), 2 being moderate sore throat 

(complaints on their own), and 3 being severe 

sore throat (change in voice, hoarseness, and 

throat pain).10 Evaluations were recorded at 

0, 1, 2, 4, 6, 12, and 24 hours after surgery. 

Patients with scores≥2 were given IV 

dexamethasone 4 mg and IV parecoxib 40 

mg. The same blinded observer assessed and 

documented PONV  using a Verbal 

Descriptive Scale, which correlates to visual 

analogue nausea scores, with an objective 

measure of severity: 0 = no PONV; patient 

reports no nausea and has had no emesis 

episodes; 1 = mild PONV; patient reports 

nausea but declines antiemetic treatment; 2 = 

moderate PONV; patient reports nausea and 

accepts antiemetic treatment; and 3 = severe 

PONV; nausea with any emesis episode 

(retching or vomiting).11 The score was 

obtained at 0, 1, 2, 4, 6, 12, and 24 hours after 

surgery, and IV ondansetron 4 mg was given 

for a score ≥2. Postoperative pain was 

assessed using a 0-10 cm VAS for pain, 

where 0=no pain and 10=the worst pain 

imaginable. According to the degree of pain 

indicated by the patient, the classification of 

severity was done as follows: No pain = 0, 

mild pain=1-3, moderate pain= 4-6, and 

severe pain ≥7.12 The pain was treated with a 

bolus of fentanyl 0.5 µg/kg when the reported 

VAS pain score was ≥4. The score was 

assessed at 0, 1, 2, 4, 6, 12, and 24 hours after 

surgery. Patient satisfaction was measured at 

the end of the 24th hour using a five-point 

Likert scale (1: Very dissatisfied, 2: 

Dissatisfied, 3: Neutral, 4: Satisfied, 5: Very 

satisfied).13  

Outcomes 

The primary outcome, preoperative 

anxiety scale, was assessed using the STAI 

questionnaire, and the secondary outcomes 

including vital anxiety signs (SBP, DBP, 

HR, and RR), frequency of fentanyl 

requirements, number of anti-emetic doses, 

POST, VAS pain, and PONV scales were 

obtained at each time interval. If adverse 

effects or complications related to the study 

intervention or surgery (hypersensitivity 

reaction and hypotension) 

occurred, they were treated and recorded 

during the study.  

Sample size 

The sample size was calculated using 

G power software version 3.1.9.2, 
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using analysis of variance 

(ANOVA) test (Fixed effects, omnibus, one-

way) for comparison of difference of anxiety 

score pre-and post-intervention 

between the three 

groups, a hypothesized effect size of 0.4, 

alpha error probability0.05, power (1- beta 

error prob) 0.90, and a minimum clinically 

important difference to ascertain the 

effectiveness of an intervention to reduce 

anxiety score of 9. The minimum required 

sample size was 84 patients (28 patients in 

each group), and we included 90 patients to 

overcome any dropouts.  

Statistical analysis 

Data was analyzed using the 

Statistical Package for Social Science 

(SPSS), version 26.0 for Windows. 

Qualitative data were expressed as frequency 

and percentage, while quantitative data were 

expressed as mean ± standard deviation 

(SD) or median (range) according 

to the normality of data after testing its 

distribution by the Shapiro-Wilk test. 

Kruskal Wallis test was used to compare the 

median difference between the three studied 

groups, and the Wilcoxon sign test to 

compare the median difference of 

anxiety scores within the study groups pre-

and post-intervention. The Chi-square test or 

Fisher’s exact test was used to compare the 

proportion between patients in the studied 

groups. The level of 

significance was considered at P-value < 

0.05.  

 

Results 

Interprofessional Teamwork  

Among the 115 female patients 

undergoing outpatient procedures who were 

screened for eligibility, 25 were excluded 

(20 patients did not meet the inclusion 

criteria and 5 patients declined 

to participate). Ninety patients completed the 

study (30 patients in each group) (Figure 1). 

They were comparable regarding baseline 

demographic data, operative details, 

frequency of fentanyl consumption, and 

antiemetic use, with insignificant differences 

(Table 1).  

Post-

interventional anxiety scores showed a signif

icant difference between the three 

groups. Group A showed a significantly 

lower post-interventional anxiety scores 

when compared to 

groups G and C. Regarding the comparison 

between the post-interventional scores to the 

corresponding baseline values, group A 

showed a significantly lower post-

interventional anxiety score, while group C 

showed a significantly higher score. 
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(Table 2). The percentage of low-

grade anxiety was significantly different 

between the three groups, with the 

highest percentage in group A. Also, the 

high grade of anxiety was 

significantly different, with the lowest 

percentage in group A (P-value 

<0.001) (Figure 2).  

Regarding vital data, there 

were mostly no significant differences 

between groups during the pre-

interventional period. However, post-

intervention RR showed a significant 

difference 

between the groups, with the lowest rate in 

group A. Also, post-

intervention HR showed a significant 

difference between groups, with the lowest 

rate in group A. Inter-group comparison 

showed a significantly lower post-

intervention HR in group A compared to 

group C (Figure 3).  

Regarding 

the postoperative VAS pain score, 

there was a significant difference 

between the groups after the 1st and 2nd hours 

of follow-up. Also, Group A 

showed a significantly lower VAS score than 

group C in the 1st and 2nd hours (Table 3).  

The incidence of PONV, as well as 

POST, showed insignificant 

differences between the groups and within 

each group over 24 hours of follow-

up. Patients’ satisfaction 

showed a significant difference between the 

three groups, with good satisfaction scores 

in the aromatherapy group, P-

value=0.014 (Table 1).   

 

 

 

 

 

 

 

 

 

 

 

 



253 

                                           M.E.J. ANESTH 33 (2), 2026 

 
 

 

 

 

 

 

 

 

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow chart of the study 

groups. 

 

 

 

 

Group A: Aromatherapy       Group G: Gum chewing       Group C: Control 
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Table 1. Perioperative patient characteristics in the study groups. 
 

Variables  Group A 

(n=30)  

Group G   

(n=30)  

Group C  

(n=30)  

P-value  

Age (years)  27.15±4.64  26.91±4.83  27.04±4.75  0.981  

ASA          

I  24 (80.0%)  25 (83.3%)  27 (90.0%)  0.553  

II  6 (20.0%)  5 (16.7%)  3 (10.0%)  

Weight/kg  76.50±6.15  77.27±7.15  76.40±6.90  0.863  

Height/cm2  167.57±5.58  167.53±5.32  167.07±5.73  0.927 

BMI  27.32±2.84  27.54±2.45  27.38±2.17  0.941  

History of PONV  8 (26.7%)  10 (33.3%)  11 (36.7%)  0.700  

Anesthesia time (minutes)  84.87±4.24  85.80±4.12  85.53±4.25  0.677  

Operation time (minutes)  64.00±3.40  64.90±3.22  65.13±4.32  0.696  

Frequency of fentanyl 

requirements  

        

Not need  25 (83.3%)  27 (90.0%)  22 (73.3%)  0.464  

Once  4 (13.3%)  3 (10.0%)  6 (20.0%)  

Twice  1 (3.3%)  0 (0.0%)  2 (6.7%)  

Satisfaction score          

Very satisfied  11 (36.7%)  4 (13.3%)  2 (6.7%)  0.014  

Satisfied  10 (33.3%)  6 (20.0%)  4 (13.3%)  

Neutral  6 (20.0%)  12 (40.0%)  11 (36.7%)  

Dissatisfied  2 (6.7%)  5 (16.7%)  8 (26.7%)  

Very dissatisfied  1 (3.3%)  3 (10.0%)  5 (16.7%)  

Data were expressed as mean ± standard deviation (SD), or frequency (%). ASA (American Society of 

Anesthesiologists), BMI (body mass index), PONV (postoperative nausea and vomiting).  
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Table 2. Comparison of anxiety scores of the patients in the study groups before and after 

intervention. 

Anxiety score 
Group A 

(n=30) 

Group G 

(n=30) 

Group C 

(n=30) 
P-value  

Pre-intervention 40.00 (30-50) 39.50 (30-46) 39.50 (32-51) 0.862 

P- value  A Vs G = 0.563 G Vs C= 0.795 A Vs C =0.830  

Post-intervention 35.00 (23-54) 44.00 (26-69) 48.50 (28-61) <0.001 

P- value  A Vs G = 0.016 G Vs C= 0.225 A Vs C <0.001  

Median Difference (Post 

- Pre) 
-8.00 (18-13) 7.50 (-14-29) 9.00 (-14-16) <0.001 

P- value  A Vs G = 0.004 G Vs C= 0.145 A Vs C <0.001  

P- value 0.016 0.161 <0.001  

Data were expressed as median (range). Vs (versus). 

 

 

Figure 2. Anxiety grade of the patients in the study groups before and after intervention.
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Figure 3. Hemodynamics of the patients in the study groups before and after intervention. 
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Table 3. Comparison of VAS of the patients in the study groups before and after intervention. 

VAS Group A 

(n=30) 

Group G   

(n=30) 

Group C 

(n=30) 

P-value 

0 hr. 1.00 (0-7) 1.00 (0-5) 2.00 (0-8) 0.192 

P- value  A Vs G = 0.441 G Vs C= 0.072 A Vs C = 0.300  

1 hr. 1.00 (0-5) 1.00 (0-5) 1.50 (0-6) 0.013 

P- value  A Vs G = 0.351 G Vs C= 0.516 A Vs C = 0.010  

2 hrs. 1.00 (0-3) 1.00 (0-3) 2.00 (1-6) 0.032 

P- value  A Vs G = 1.000 G Vs C= 0.176 A Vs C = 0.036  

4 hrs. 2.00 (0-3) 2.00 (0-3) 2.00 (1-3) 0.303 

P- value  A Vs G = 1.000 G Vs C= 0.183 A Vs C = 0.183  

6 hrs. 1.00 (0-3) 1.00 (0-3) 2.00 (1-3) 0.300 

P- value  A Vs G = 0.660 G Vs C= 0.256 A Vs C = 0.147  

12 hrs. 1.00 (0-2) 1.00 (0-2) 1.00 (0-3) 0.127 

P- value ** A Vs G = 0.337 G Vs C= 0.277 A Vs C = 0.05  

24 hrs. 1.00 (0-1) 1.00 (0-2) 1.00 (0-2) 0.190 

P- value ** A Vs G = 0.718 G Vs C= 0.105 A Vs C = 0.138  

Data were expressed as median (range). VAS (visual analogue scale). 
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Discussion  

This study shows that non-

pharmacological interventions can help 

reduce preoperative anxiety and improve 

early postoperative outcomes. Aromatherapy 

was more effective than chewing gum and no 

intervention, as indicated by lower STAI 

scores and better early postoperative pain 

control. Although chewing gum provided 

some benefit compared to the control group, 

its effect was less pronounced. These 

findings support the use of simple, non-

invasive approaches, particularly 

aromatherapy as useful adjuncts in 

perioperative care. Non-

pharmacological methods for anxiety 

reduction have been increasingly studied in 

the last few years. Sriramka et al, found 

that handholding and discussion, when 

combined with midazolam, effectively 

lowered anxiety in patients undergoing 

laparoscopic cholecystectomy or 

appendectomy under general anesthesia. 

Only midazolam as a premedication for 

anxiolysis is inferior to hand-holding with 

discussion alone.14 Also, Baghele et 

al, found that preoperative anxiety was 

reduced in children aged 7 to 12 years by 

using multimedia information in the form of 

a peer modelling video.15 Kurdi et 

al, discovered that probiotics lower stress and 

increase sleep in surgery patients, implying 

that there may be a relationship between gut 

microorganisms and the brain.16     

In line with our results, Stanely et al. 

conducted a randomized clinical trial with 

cataract surgery participants. The State-Trait 

Anxiety Inventory was administered to 75 

individuals who were randomly assigned to 

either lavender essential oil or grapeseed oil 

(control). Patients in the lavender group had 

lower anxiety scores than those in the control 

group.17 On the other hand, Bikmoradi et 

al. found that post-operative lavender 

aromatherapy has no effect on mental stress 

reduction and vital signs except the systolic 

blood pressure when used on the 2nd and 

3rd postoperative days in coronary artery 

bypass grafting (CABG) patients.18  

Chewing gum was tested for anxiety 

and discomfort relief during intravenous 

cannulation in a trial including 73 children. 

They were divided into two groups: control 

and chewing gum. The Children's Anxiety 

Pain Scale was used to assess 

pain perception, and the chewing gum group 

had lower pain perception, but not 

anxiety.19 Both clenching and chewing have 

been implicated in studies as a means of 

stress relief and relaxation enhancement. This 
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was also demonstrated by a significant 

reduction in salivary cortisol as a stress 

indicator in various 

studies that enrolled healthy volunteers using 

the chewing gum method.20  

In line with our results, Bagheri et 

al, randomly assigned 90 patients in a 1:1 

ratio to one of two groups: lavender % oil 

inhalation or oxygen only (control 

group) following inguinal hernia repair, 

found that lavender group had a 

considerably decreased VAS  score for 

postoperative pain for the entire 24 

hours.21 In a  clinical study in which 120 

patients were randomly assigned to ginger or 

saline aromatherapy after 

nephrectomy, the postoperative introduction 

of ginger aromatherapy was validated as an 

efficacious modality for the management of 

PONV after nephrectomy. The postoperative 

nausea intensity VAS score and vomiting 

episodes were considerably lower in the 

ginger group (P-value <0.001).22  

Darvall et al. found that chewing gum 

appears to be a curative rather than a 

preventive approach for PONV, in 

a randomized multicenter clinical 

trial, where chewing gum was compared 

to IV ondansetron to treat PONV in female 

patients who underwent breast or 

laparoscopic surgeries after 

general anesthesia.23 Some research has sho

wn that chewing gum after surgery 

also helps to improve gastrointestinal 

motility.24 In contrast to our study, Tingting 

et al. discovered that chewing gum before 

surgery can successfully minimize POST 

with a supraglottic airway device for 

hysteroscopic surgery, particularly in patients 

with pharyngeal mucosal injury.25  

All patients had no adverse effects 

from our study. The interventions were 

simple to use, and the patients liked the 

chewing and scent. Also, nurses had easy 

access to aromatherapy and chewing gum at 

a minimal cost.  

Based on our study findings, we 

recommend using preoperative aromatherapy 

and chewing gum to reduce stress and anxiety 

in high-risk patients. Aromatherapy may be a 

useful treatment for preoperative anxiety, but 

further high-quality research is needed to 

discover the best oil type, intervention 

technique, duration, and concentration of 

aromatic oil to use in clinical practice.  

Limitations 

Firstly, our 

current data was insufficient to decide which 

types of essential oils are the best-

recommended oils. Secondly, outcomes may 

not be generalized to other populations.  
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Conclusion  

Preoperative use of lavender-ginger 

aromatherapy in middle-aged females 

undergoing 

laparoscopic gynecologic surgery offers a 

satisfactory reduction of anxiety and pain 

scores compared 

to chewing gum. However, there were no 

beneficial effects on PONV 

and POST in this group of patients.  
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ORIGINAL RESEARCH 

Impact of Ketamine Addition to Intranasal Midazolam on Perioperative 

Respiratory Adverse Events in Children at Risk of Obstructive Sleep Apnea 

Undergoing Adenotonsillectomy: A Subgroup Analysis 

of a Randomized Controlled Trial 

Khaled Sarhan1, Maha Gebreel1*, Omnia Y. Kamel1, Hany El-Hadi1, Nevine 

Gouda1, Rana Walaa1, Hebatallah Salah Abdelhamid1, Kareem Nawwar1 

 

Abstract 

Background: Children presenting for adenotonsillectomy frequently exhibit symptoms 

suggestive of obstructive sleep apnea (OSA), which may increase susceptibility to perioperative 

respiratory adverse events (PRAEs). Preoperative screening tools may facilitate identification of children 

at higher respiratory risk during the perioperative period. This study aimed to compare the incidence of 

PRAEs in children undergoing adenotonsillectomy receiving intranasal ketamine–midazolam versus 

midazolam alone among those identified as high risk for OSA.  

Methods: This is a secondary subgroup analysis of data from a double-blind randomized 

controlled trial including 199 children aged 3–12 years undergoing adenoidectomy or tonsillectomy. In 

the parent trial, children were randomly assigned to receive either intranasal midazolam (0.1 mg/kg) alone 

or intranasal ketamine (3 mg/kg) combined with midazolam (0.1 mg/kg) before anesthesia induction. 

Preoperative OSA risk was assessed using the parental version of the I'm Sleepy questionnaire. The 

primary outcome of the present analysis was the incidence of perioperative respiratory adverse events 

(PRAEs) among children who screened positive for OSA.  

Results: Positive OSA screening was identified in 137 of 199 children (68.8%). Among OSA-

positive children, PRAEs occurred in 23 of 64 patients (35.9%) receiving midazolam alone compared 

with 12 of 73 patients (16.4%) receiving ketamine–midazolam premedication (RR 0.46, 95% CI 0.25–

0.84, p = 0.016).  

Conclusions: Children undergoing adenotonsillectomy demonstrated a high prevalence of 

positive preoperative OSA screening. Among OSA-positive children, ketamine–midazolam 

premedication was associated with a significantly lower incidence of perioperative respiratory adverse 

events compared with midazolam alone.  
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Introduction 

Adenotonsillectomy remains one of 

the most commonly performed pediatric 

surgical procedures worldwide.1 In recent 

years, the indications for adenotonsillectomy 

have shifted from recurrent infection toward 

management of sleep-disordered breathing 

and obstructive sleep apnea (OSA). Pediatric 

OSA is associated with recurrent upper 

airway collapse during sleep, intermittent 

hypoxemia, altered sleep architecture, and 

increased perioperative airway 

vulnerability.2  

Children with OSA are considered at 

increased risk of perioperative respiratory 

adverse events (PRAEs), including oxygen 

desaturation, airway obstruction, 

laryngospasm, bronchospasm, and 

postoperative hypoventilation.3 The 

perioperative management of these children 

is therefore challenging, particularly during 

anesthetic induction, airway manipulation, 

and emergence from anesthesia.4,5  

Although 

polysomnography remains the gold standard 

for diagnosis of pediatric OSA, it is not 

routinely available in many institutions 

because of cost, limited accessibility, and 

prolonged waiting times.2 Consequently, 

several clinical screening questionnaires have 

been developed to facilitate preoperative 

identification of children at risk for OSA. The 

parental version of the “I’m Sleepy 

questionnaire” is a brief and validated 

screening tool with modest sensitivity for 

detecting pediatric OSA risk.6   

Premedication is commonly 

administered before pediatric surgery to 

reduce anxiety and facilitate smooth 

separation from parents. However, sedative 

medications may influence upper airway tone 

and respiratory function, particularly in 

children with preexisting airway 

vulnerability. Midazolam is widely used 

because of its anxiolytic and amnestic 

properties, although respiratory depression 

and airway obstruction remain concerns in 

susceptible patients.7 Ketamine, in 

contrast, generally preserves spontaneous 

ventilation and airway reflexes and may 

provide a more favorable respiratory 

profile.8  

The current study aimed to evaluate 

the prevalence of positive preoperative OSA 

screening using the parental version of the 

“I’m Sleepy questionnaire” and to compare 

the incidence of PRAEs in children 

undergoing adenotonsillectomy receiving 

intranasal ketamine–midazolam versus 

midazolam alone among those identified as 

high risk for OSA.
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Materials and Methods  

Study design and approval  

This secondary analysis was derived 

from a previously conducted double-blind 

randomized controlled trial performed at 

Cairo University Hospital after approval of 

the Research Ethics Committee, Faculty of 

Medicine, Cairo University (MD-227-2023). 

The parent trial was conducted between 

October 2023 and September 2024 and was 

registered at ClinicalTrials.gov before 

enrollment of the first participant 

(NCT06122948). Written informed consent 

was obtained from parents or legal guardians 

before participation.  

 

Inclusion and exclusion criteria 

Children aged 3–12 years scheduled 

for adenoidectomy or tonsillectomy 

procedures were eligible for inclusion. 

Exclusion criteria included complex 

congenital heart disease, severe pulmonary 

disease, recent upper respiratory tract 

infection within the previous two weeks, 

congenital syndromes affecting airway 

anatomy, neuromuscular disorders, or body 

mass index ≥95th percentile for age.  

 

Randomization 

Children were randomized into one of 

two groups using computer-generated 

randomization and concealed opaque 

envelopes. The midazolam group received 

intranasal midazolam 0.1 mg/kg, whereas the 

ketamine-midazolam group received 

intranasal ketamine 3 mg/kg combined with 

intranasal midazolam 0.1 mg/kg. Study 

medications were diluted with normal saline 

to a total volume of 2 mL and administered 

approximately 30 minutes before induction 

using a needleless syringe.  

 

Interventions 

During preoperative evaluation, all 

children underwent screening for OSA risk 

using the parental version of the I’m Sleepy 

questionnaire.6 A child with a score of ≥3 is 

classified as a child at high risk for OSA. The 

present secondary analysis included only 

participants who screened positive for OSA.  

Study medications were diluted with 

0.9% saline to a total volume of 2 mL and 

prepared by an anesthesiologist not involved 

in patient assessment. Premedication was 

administered by a blinded anesthesia nurse 

approximately 30 minutes 

before anesthesia induction. During 

administration of medications, children were 

placed in a recumbent position on a parent’s 

lap. The prepared solution was instilled 
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gradually into both nostrils over 2–3 

minutes using a needleless syringe, with 

equal distribution between nostrils. Sedation 

level was assessed 30 minutes after 

premedication administration using a 

standardized sedation score.9 Adequate 

sedation was defined as a sedation score ≥3. 

The choice of inhalational or intravenous 

induction was left to the discretion of the 

attending anesthesiologist. Intravenous 

induction was performed using propofol 2 

mg/kg, fentanyl 1 μg/kg, and atracurium 0.5 

mg/kg after securing intravenous access. For 

inhalational induction, sevoflurane in 

oxygen-air mixture was gradually titrated 

until loss of consciousness, followed by 

intravenous cannulation and completion 

of anesthesia with propofol, fentanyl, and 

atracurium. Tracheal intubation was achieved 

using cuffed endotracheal tubes selected 

according to patient age and clinical 

judgment. Anesthesia was maintained using 

isoflurane with controlled ventilation 

targeting end-tidal carbon dioxide values 

between 30 and 35 mmHg. All children 

received intravenous paracetamol, 

dexamethasone, and ondansetron after 

tracheal intubation. At the completion of 

surgery, oral and pharyngeal secretions were 

carefully suctioned before reversal of 

neuromuscular blockade with neostigmine 

and atropine. Extubation was performed after 

recovery of protective airway reflexes with 

the child positioned laterally. Standardized 

perioperative monitoring was applied 

throughout surgery and recovery. Following 

surgery, children were observed in the post-

anesthesia care unit by nursing staff blinded 

to study allocation. Perioperative respiratory 

adverse events were documented throughout 

the recovery period. Postoperative 

emergence delirium was assessed 

using the pediatric anesthesia emergence del

irium (PAED) score,10 with a score ≥10 

considered indicative of emergence 

delirium.  

 

Study outcomes 

The primary outcome of this 

secondary analysis was the incidence of 

perioperative respiratory adverse events 

among children identified as high risk for 

obstructive sleep apnea by 

the parental I’m Sleepy questionnaire 

according to sedative regimen. PRAEs were 

categorized as minor events, including 

coughing and oxygen desaturation below 

95% for at least 10 seconds, and major events 

including airway obstruction, laryngospasm, 

bronchospasm, stridor, or hypoxia with 

oxygen saturation below 90%.
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Secondary outcomes included the 

association between positive OSA screening 

and respiratory adverse events and 

the incidence of postoperative emergence 

delirium during PACU stay and at discharge 

from the PACU.  

 

Sample size  

The sample size was calculated 

using MedCalc software version 14.10.2 

(MedCalc Software, Ostend, Belgium). 

Based on a previously reported PRAE 

incidence of 48% in children undergoing 

adenotonsillectomy receiving midazolam 

premedication,11 a minimum sample size of 

140 children was required to detect a 50% 

reduction in perioperative respiratory adverse 

events with ketamine-midazolam 

premedication, with a study power of 80% 

and a two-sided alpha error of 0.05. To 

account for the uncertain prevalence and 

distribution of OSA-risk status, as well 

as possible dropouts, 210 children were 

recruited. For the current secondary analysis, 

199 children with complete OSA screening 

and perioperative outcome data were 

included.  

 

Statistical analysis  

Statistical analysis was performed 

using the Statistical Package for Social 

Science software. Continuous variables were 

expressed as mean ± standard deviation or 

median with interquartile range according to 

data distribution. Categorical variables were 

presented as frequency and 

percentage. Comparisons between 

categorical variables were performed 

using Chi-square test or Fisher exact test 

as appropriate. Odds ratios with 95% 

confidence intervals were calculated to 

evaluate the association between positive 

OSA screening and respiratory adverse 

events. A p-value <0.05 was considered 

statistically significant.  

 

Results  

A total of 208 children scheduled for 

adenotonsillectomy were screened for 

eligibility for the parent randomized 

controlled trial. Nine children were excluded 

before completion of the parent trial, leaving 

199 participants with complete data (Figure 

1).  For the present secondary subgroup 

analysis, children were classified according 

to preoperative OSA risk using the 

parental I'm Sleepy questionnaire, and the 

primary analysis included the 137 

participants who screened positive for OSA.  
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Baseline demographic and 

perioperative characteristics of the parent 

trial were comparable between the two study 

groups (Table 1). Adequate preoperative 

sedation was achieved in 92 children (92.9%) 

in the midazolam group and 97 children 

(97%) in the ketamine–midazolam group, 

with no statistically significant difference 

between groups (p = 0.3).  

Positive preoperative OSA screening 

using the parental “I’m Sleepy 

questionnaire” was identified in 137 children 

(68.8%), while 62 children (31.2%) screened 

negative for OSA risk. In the midazolam 

group, 64 of 99 children 

(64.6%) demonstrated positive OSA 

screening compared with 73 of 100 children 

(73%) in the ketamine–midazolam group.  

The overall incidence of PRAEs in 

the parent trial was significantly higher in the 

midazolam group compared with the 

ketamine–midazolam group (34.3% vs. 16%, 

p = 0.003). Within the OSA-positive 

subgroup, PRAEs occurred in 23 of 64 

patients (35.9%) receiving midazolam alone 

compared with 12 of 73 patients (16.4%) 

receiving ketamine–midazolam, representing 

an absolute risk reduction of 19.5% and an 

approximate 54% relative reduction in 

respiratory adverse events with the 

ketamine–midazolam combination (RR 0.46, 

95% CI 0.25–0.84, p = 0.016).  

Within each treatment group, no 

statistically significant association between 

OSA screening status and PRAEs was 

detected. In the midazolam group, PRAEs 

occurred in 23 children (35.9%) with positive 

OSA screening compared with 11 children 

(31.4%) without OSA risk (Pearson χ² = 

0.204, p = 0.652). Similarly, in the ketamine–

midazolam group, PRAEs occurred in 12 

children (16.4%) with positive OSA 

screening compared with 4 children (14.8%) 

without OSA risk (Pearson χ² = 0.039, p = 

0.844) (Table 2).  

Odds ratio analysis likewise did 

not demonstrate a statistically significant 

increase in respiratory adverse events 

associated with positive OSA screening. In 

the midazolam group, the odds ratio for 

PRAEs associated with positive OSA 

screening was 1.224 (95% CI 0.509–2.943), 

while in the ketamine–midazolam group the 

odds ratio was 1.131 (95% CI 0.331–3.866).  

During PACU stay and at discharge, 

median (minimum–maximum) PAED scores 

were significantly lower in the midazolam 

group [4 (0–12) and 3 (0–11), respectively] 

compared with the ketamine–midazolam 

group [5 (0–10) and 4 (0–9), respectively], 
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with p values of 0.011 and 0.003, 

respectively.  
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Figure 1. CONSORT flow diagram.  
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Table 1. Patients’ demographics and operation characteristics.

  Midazolam group 

(n=99) 

Ketamine-midazolam 

group 

(n=100) 

Standardized 

difference a 

Age (years)  6.5±2.7   5.9±2.6   0.2  

Weight (kg)  22.6±7.1   20.7±6.4   0.3   

Gender (male)  61 (61.6%)   72 (72%)   0.2   

Incidence of obstructive sleep apnea  

• (I’m sleepy score)  

  

64 (64.4%)  

  

73 (73%)  

  

-0.2  

Type of operation  

• Adenoidectomy  

• Adenotonsillectomy   

• Tonsillectomy   

  

19 (19.2%)  

58 (58.6%)   

22 (22.2%)   

  

8 (8%)  

84 (84%)  

8 (8%)   

0.1   

Data expressed as mean ± standard deviation or frequency (%).  
a Standardized difference was calculated using Cohen d; and the difference in means or proportions was divided by 

the pooled standard 

deviation. 

 

 

Table 2. Perioperative adverse events are presented as frequency (%). 

  Midazolam group 

(n=99) 

Ketamine-

midazolam group 

(n=99) 

P-value 

Incidence of PRAEs   

Incidence of PRAEs in children at risk of 

OSA   

34 (34.3%)   

23 (35.9%)  

16 (16%)  

12 (16.4%)  

0.003   

0.02  

Major PRAEs  

. Bronchospasm   

. Airway obstruction   

. Hypoxia (saturation<90%)   

  

1 (1%)  

20 (20.2 %)  

14 (14.1%)   

  

0 (0%)   

8(8%)   

1 (1%)  

  

0.31   

0.13   

0.002   

Major PRAEs stratified by OSA risk  

. Bronchospasm   

. Airway obstruction   

. Hypoxia (saturation<90%)   

  

1 (1.6%)  

13 (20.3 %)   

14 (21.9%)   

  

0 (0%)  

6 (8.2%)  

1 (3.7%)   

  

0.47  

0.05  

0.001   

Minor PRAEs  

Oxygen desaturation: SpO2 < 95%  

Cough   

  

30 (30.4%)  

16 (16.2%)   

  

15 (15%)  

6 (6%)  

  

0.01   

0.02   

Minor PRAEs stratified by OSA risk  

Oxygen desaturation: SpO2 < 95%  

Cough   

  

15 (23.4%)  

8 (12.5%)   

  

5 (6.8%)  

6 (8.2%)  

  

0.01    

0.5   
Data expressed as frequency (%).
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Discussion  

The present secondary 

analysis demonstrated a high prevalence of 

positive preoperative OSA screening among 

children undergoing adenotonsillectomy, 

with nearly 70% of enrolled patients 

screening positive using the parental version 

of the I’m Sleepy questionnaire. This finding 

reflects the well-established association 

between adeno-tonsillar hypertrophy and 

sleep-disordered breathing in pediatric 

patients and highlights the importance of 

perioperative respiratory risk assessment in 

this surgical population.12,13  

Pediatric OSA has been consistently 

associated with increased perioperative 

respiratory vulnerability. Recurrent nocturnal 

upper airway obstruction may lead to chronic 

intermittent hypoxemia, altered ventilatory 

responses, impaired neuromuscular airway 

control, and increased susceptibility to 

sedative-induced airway collapse. 

Consequently, children with OSA 

are generally considered at elevated risk for 

perioperative respiratory adverse events, 

particularly during airway manipulation, 

anesthetic emergence, and the early 

postoperative period.13   

The present study demonstrated that 

among children identified as high risk for 

OSA undergoing adenotonsillectomy, the 

incidence of perioperative respiratory 

adverse events was significantly lower in 

those receiving intranasal ketamine–

midazolam compared with midazolam alone. 

This finding supports a clinically meaningful 

reduction in respiratory complications 

associated with the ketamine-containing 

regimen in a population considered 

inherently vulnerable to airway obstruction.  

The protective effect observed with 

ketamine–midazolam may be explained by 

the pharmacological profile of ketamine, 

which preserves respiratory 

drive, maintains spontaneous ventilation, and 

exerts minimal depressive effects on upper 

airway muscle tone.8 These properties may 

be particularly relevant in children with 

suspected OSA, in whom airway 

collapsibility and reduced pharyngeal 

neuromuscular tone contribute to 

perioperative respiratory 

complications.8,14 The combination with 

midazolam may provide anxiolysis while 

ketamine counterbalances excessive 

respiratory depression, resulting in a more 

stable perioperative respiratory profile.  

Despite this between-group 

difference, within-group analyses did 

not demonstrate a statistically significant 
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association between positive OSA screening 

and PRAEs in either sedative regimen, 

suggesting that OSA screening status alone 

may not sufficiently stratify short-term 

perioperative respiratory risk. This likely 

reflects the multifactorial nature of 

perioperative respiratory events, which are 

influenced by a complex interplay of 

anatomical, physiological, and 

pharmacological factors. Even gold-standard 

objective polysomnographic parameters 

alone do not consistently predict respiratory 

complications, further highlighting the 

complexity of perioperative 

airway behavior in these patients.15   

The high prevalence of positive OSA 

screening observed in the present cohort 

reflects the fact that children undergoing 

adenotonsillectomy commonly present with 

symptoms of sleep-disordered breathing and 

airway obstruction. In such relatively 

homogeneous populations, overlap in clinical 

characteristics may limit the ability of 

questionnaire-based screening tools 

to discriminate varying degrees of 

perioperative respiratory vulnerability.  

Taken together, these findings 

suggest that while OSA screening identifies a 

population at increased baseline respiratory 

risk, perioperative respiratory outcomes may 

be more strongly influenced by anesthetic 

management and sedative selection than by 

screening status alone. In the current study, 

the ketamine–midazolam 

combination demonstrated a more favorable 

respiratory profile compared with midazolam 

monotherapy, including among children 

identified as high risk for OSA.  

These findings further support the 

concept that children presenting 

for adenotonsillectomy should generally 

be considered vulnerable to perioperative 

respiratory complications, even in the 

absence of formal polysomnographic 

confirmation. In resource-limited settings 

where routine polysomnography may be 

unavailable or impractical, questionnaire-

based preoperative OSA screening may still 

provide clinically useful risk stratification 

and help identify children who 

may benefit from closer perioperative 

monitoring and cautious airway 

management.12  

 

Limitations  

Several limitations of our study 

should be acknowledged. This was a 

secondary analysis of a previously conducted 

randomized controlled trial; however, post 

hoc power analysis demonstrated adequate 

statistical power for the primary outcome of 

the current analysis. In addition, OSA status 
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was determined using questionnaire-

based screening rather than formal 
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polysomnographic confirmation. 

Finally, the study was conducted at a 

single center, which may limit the 

generalizability of the findings.  

 

Conclusion  

In conclusion, children undergoing 

adenotonsillectomy demonstrated a high 

prevalence of positive preoperative OSA 

screening. Among OSA-positive children, 

ketamine–midazolam premedication was 

associated with a significantly lower 

incidence of perioperative respiratory 

adverse events compared with midazolam 

alone.  
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ORIGINAL RESEARCH 

Ultrasound-Guided Axillary versus Infraclavicular Brachial Plexus Block on 

Handgrip Strength Assessed by Handgrip Dynamometry in Minor Hand 

Surgery: A Randomized Controlled Trial  

Ahmed Nabih1*, Israa El Geneidi1, Yasser Mohamed El Halafawy1,  

Mohamed Mansour1, Mohamed Elshazly1 

 

Abstract 

Background: Motor blockade following brachial plexus anesthesia may delay recovery and 

reduce satisfaction; however, comparative data on motor-sparing effects between axillary brachial 

plexus block (AXBPB) and infraclavicular brachial plexus block (ICBPB) remain limited. The 

current work evaluated the efficacy of ultrasound (US)-guided AXBPB versus US-guided ICBPB on 

the degree of motor blockade and time to full motor recovery, assessed objectively by handgrip strength 

measured with a hydraulic dynamometer, in minor hand surgery.  
Methods: In this prospective, randomized, controlled trial, 52 patients, American Society of 

Anesthesiologists (ASA I–II) experiencing minor hand surgery were randomized equally to receive 

either US-guided AXBPB (Group A) or US-guided ICBPB (Group B) via injecting 20 mL of 0.25% 

bupivacaine. Motor function was assessed via a hydraulic hand dynamometer, and the percentage 

reduction in handgrip strength at 90 minutes postoperative and the time to complete motor recovery 

were recorded.   
Results: Handgrip strength reduction at 90 minutes postoperative was comparable between 

groups (P=0.221). Motor blockade duration was significantly shorter in the AXBPB group compared 

with the ICBPB group, and full motor recovery occurred earlier with AXBPB (p < 0.001). 

Postoperative pain was similar at 30, 60, and 90 minutes (P=0.812, 0.874, and 0.861, respectively).  
Conclusions: US-guided AXBPB and ICBPB provided comparable analgesia and 

motor blockades; however, AXBPB allowed earlier motor recovery postoperatively. These findings 

support AXBPB as an effective alternative to ICBPB with faster postoperative motor recovery.  

 

Keywords: Brachial plexus; Bupivacaine; Hand strength; Local anesthetics; Patient satisfaction
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Introduction 

Hand surgeries are procedures performed on 

the wrist, hand, and peripheral nerves of the 

upper limbs. A wide range of surgical 

techniques may be required depending on the 

underlying pathology. Hand surgeries often 

cause significant postoperative pain, for 

which the ultrasound (US)-guided brachial 

plexus block (BPB) is commonly used.1  

The advantages of regional 

anesthesia include expedited postoperative 

recuperation, enhanced postoperative pain 

relief, and avoidance of adverse effects 

associated with opioids. Detailed 

knowledge of brachial plexus (BP) anatomy 

and upper-extremity innervation 

is critical for selecting the appropriate 

block technique and 

achieving adequate anesthesia or analgesia.2  

There are four main approaches to BP. The 

interscalene, supraclavicular, infraclavicular, 

and axillary approaches 

are frequently employed for anesthesia and 

analgesia in hand surgeries, with the 

interscalene block primarily reserved for 

procedures involving the shoulder and upper 

arm.3 Axillary brachial plexus block 

(AXBPB) is widely employed in hand 

surgery because it provides reliable 

anesthesia of the distal upper extremity, 

is relatively easy to perform, and carries 

a diminished risk of serious adverse events 

(AEs), including pneumothorax or phrenic 

nerve palsy. The supraclavicular, 

infraclavicular, and AXBPB approaches 

improve tourniquet tolerance and provide 

anesthesia suitable for a broader range of 

upper-limb surgeries.2  

Additional distal approaches, such 

as distinct peripheral nerve blocks (PNBs), 

can provide sensory block and analgesia; 

however, they might not entirely relieve 

tourniquet pain.4 Therefore, proximal BP 

blocks are still preferred 

when tourniquet tolerance is required.5  

Research has shown that patient satisfaction 

decreases when they are unable to utilize a 

limb affected by a motor block.6,7  

We hypothesized that the AXBPB would 

preserve motor function better than the 

infraclavicular brachial 

plexus block (ICBPB), while providing 

comparable analgesia.  

The aim of the current study is to evaluate the 

efficacy of US-

guided ICBPB versus AXBPB in terms 

of the degree and duration of motor block by 

measuring handgrip strength via a hydraulic 

hand dynamometer in individuals 

undergoing hand surgery.   
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Methods and Materials 

Ethical considerations  

The research protocol was approved 

by the Institutional Ethics Committee 

(approval code: MS-529-2021, approved on 

23/12/2021) and registered on 

ClinicalTrials.gov (ID: NCT05325372). The 

trial was conducted at Cairo University 

Hospitals, Egypt between April 2022 and 

April 2023 in accordance with the principles 

of the Declaration of Helsinki and reported in 

compliance with the CONSORT guidelines. 

Written informed consent was obtained from 

all participants before enrolment.  

 

Study design and eligibility criteria  

This was a prospective, randomized 

controlled trial conducted on a total of 52 

patients, aged 18–60 years, of either gender, 

with American Society of Anesthesiologists 

(ASA) physical status I–II, and scheduled for 

minor hand surgeries (e.g., carpal tunnel 

release, skin graft, ganglion excision, lipoma 

excision). Eligible procedures were expected 

to last between 15 minutes and one hour.  

Patients were excluded if they were 

unable to provide informed consent, had a 

known allergy to local anesthetics (LAs), 

or had bleeding disorders (platelet count 

<100,000/µL or prothrombin time >13.5 

seconds) due to the increased risk of 

hematoma with deep 

blocks. Additional exclusions were bilateral 

surgical procedures, deformities of the neck 

or clavicle, pre-existing neurological 

disorders with chronic pain, and pre-existing 

injuries of major hand or forearm muscles or 

flexor/extensor tendons. Patients who were 

uncooperative and unable to comply 

with research instructions were also 

excluded.  

 

Randomization and blindness  

To ensure the study's integrity, a 

random allocation technique via computer-

generated numbers was used 

(https://www.randomizer.org). Each 

participant's code was placed in an opaque, 

sealed envelope. Participants were randomly 

assigned to two equal groups (1:1). Group 

A received an AXBPB before surgical 

incision, and Group B received 

an ICBPB before surgical incision. Both 

investigators and outcome assessors were 

blinded to group assignments to ensure 

objective assessment.  

 

Intervention  

BP was assessed every 10 

minutes for 30 minutes. To ensure the 

investigators remained blinded, the 
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infraclavicular and AXBPB regions 

were kept covered.
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All patients underwent the following 

procedures: history-taking; 

laboratory studies, including a complete 

blood count; prothrombin time and 

international normalized ratio; partial 

thromboplastin time; liver and kidney 

function tests; and electrolyte analysis. 

Furthermore, they were instructed to use 

the Visual Analogue Scale (VAS) (0 = no 

pain; 10 = worst imaginable pain).  

US guidance blocks were 

performed using a Siemens ACUSON X300 

system with an 8–14 MHz probe. A 50-mm, 

22-gauge block needle (SonoPlex Stim 

Cannula, Germany) was used to administer 

20 mL of 0.25% bupivacaine, prepared by 

mixing 10 mL of 0.5% bupivacaine with 10 

mL of normal saline. A single investigator 

performed all blocks.  

Each patient received midazolam 

0.03 mg/kg (Midathetic) intravenous 

(IV) and paracetamol 1 g (Injectamol) IV 

before BP block induction.   

 

Intraoperative management of block  

Upon arrival to the anesthetic room, 

an 18-gauge IV cannula was inserted into the 

contralateral forearm to the operated limb. 

Standard monitoring, 

including electrocardiogram (ECG), non-

invasive pressure, and pulse 

oximetry, were continuously 

measured throughout the anesthetic and 

surgical interventions.  

 

Ultrasound-guided axillary brachial plexus 

block  

Patients were positioned supine with 

the arm abducted to 90°, and the elbow 

flexed, with the head turned to the 

contralateral side. After skin disinfection, the 

probe was placed transversely in the axilla 

to identify the axillary artery and surrounding 

nerves. Via an in-plane technique, local 

anesthetic was deposited under US guidance 

to surround the target nerves: 5 mL around 

the musculocutaneous nerve, followed by 5 

mL each around the median, ulnar, and radial 

nerves (total 20 mL of 0.25% bupivacaine), 

with intermittent aspiration and incremental 

injection.  

 

Ultrasound-guided infraclavicular brachial 

plexus block  

Patients were positioned supine with 

the head turned contralaterally. After skin 

antisepsis, the linear probe (8–14 MHz) was 

placed inferior to the clavicle in a parasagittal 

orientation to visualize the axillary artery and 

the BP cords (lateral, posterior, and medial) 

surrounding the artery. Via an in-plane 
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approach, the needle was advanced 

under real-time US guidance toward the 

perivascular/cord region. After negative 

aspiration, the local anesthetic was injected 

incrementally to obtain spread around the 

cords/axillary artery. A total of 20 mL of 

0.25% bupivacaine was administered with 

repeated aspiration to reduce the risk of 

intravascular injection.  

 

Sensory and motor block assessment  

Block assessments were performed 

every 10 minutes for 30 minutes by an 

independent observer blinded to group 

allocation. Surgery started after adequate 

surgical anesthesia was achieved or after a 

maximum of 30 minutes.  

 

Sensory block assessment 

The onset and duration of sensory 

block were measured at a specific site such as 

at the wrist or at 

the elbow. Sensory block function was 

evaluated in the musculocutaneous, median, 

ulnar, and radial nerve distributions via a 

cold test and scored on a 3-point scale (0 = 

absent sensation, 1 = reduced sensation, 2 = 

normal sensation). Sensory recovery was 

defined as the time from completion of local 

anesthetic injection until return of normal 

sensation (score = 2).  

 

Motor block assessment (primary outcome)  

Motor function was assessed via a 

hydraulic handgrip dynamometer (Jamar® 

Hydraulic Hand Dynamometer, Patterson 

Medical, Warrenville, IL, USA), a validated 

tool with excellent test-retest reliability 

(intrahepatic cholangiocarcinoma 

(ICC) >0.9).8 Baseline grip strength was 

measured preoperatively, and follow-up 

measurements were assessed every 30 

minutes until complete motor recovery. The 

reduction in handgrip strength was expressed 

as the percentage decrease from 

baseline. While reductions in handgrip 

strength were primarily attributed to the 

block, minor contributions from surgical 

trauma or discomfort could not be 

excluded.8 Any partial or failed blocks were 

recorded, and cases requiring supplemental 

anesthesia were excluded from the study.  

Baseline handgrip 

strength was measured for both hands before 

the operation. The postoperative change in 

handgrip strength on the surgical side was 

assessed every 30 min and defined as the 

percentage decrease from 

the baseline value. The duration required to 

restore complete motor strength was 

assessed. Participants were asked to grip the 

dynamometer maximally for five seconds, 
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with the arm positioned perpendicular 

to the body and the elbow resting alongside 

the torso. The 

base of the dynamometer was placed on the 

first metacarpal, which was located at the 

heel of the palm, while the handle 

was placed in the center of the four fingers.  

The participant was asked 

to apply maximal isometric force to the 

dynamometer and sustain it for 

about five seconds. Any body movement wa

s strictly prohibited. The participant 

was strongly encouraged to exert their utmost 

effort. The duration required for motor power 

recovery (in hours) was assessed.   

Every patient was continuously 

followed in the post-anesthesia care unit 

(PACU) for 1 hour after surgery, then 

transferred to their assigned hospital ward. 

The intensity of post-operative pain at the 

incision site was evaluated using the VAS. A 

score of 3 or higher was considered the 

threshold for the sensory block duration. At 

that time, the patient 

received additional analgesics as a 50 mg 

intramuscular injection of Diclofenac 

Sodium.   

The procedure time was defined as 

the duration from needle insertion to 

completion of local anesthetic injection. For 

the AXBPB, this included separate injections 

around the musculocutaneous, median, ulnar, 

and radial nerves, whereas for the ICBPB, a 

single perivascular injection was 

administered around the cords.  

 

Outcome measures  

The primary outcome was the 

percentage reduction in handgrip strength at 

90 minutes postoperatively, and secondary 

outcomes were block procedure 

time, motor block onset and duration, 

incidence of block-related AEs such as 

(paresthesia, vascular injury, LA toxicity, and 

pleural injury), pain intensity, postoperative 

analgesic consumption, and patient 

satisfaction at 24 hours post-surgery was 

assessed on a 5-point Likert scale patient 

satisfaction (1, extremely dissatisfied; 2, 

unsatisfied; 3, neutral; 4, satisfied; 5, 

extremely satisfied).  

 

Sample size  

The sample size calculation 

was performed using G*Power 3.1.9.2 

(Universität Kiel, Germany) based on an 

unpublished pilot study (5 cases per 

group) that reported a mean (± SD) 

quantitative motor power reduction following 

axillary block was 78.4 ± 4.7 min in 

the AXBPB group and 83.4 ± 5.7 minutes in 

the infraclavicular group. The sample size 
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was based on the following 

considerations: an effect size of 0.957, 95% 

confidence limits, 90% power, a 1:1 group 

ratio, and adding 2 cases to each group to 

account for dropout. Consequently, 

we enrolled 26 patients in each group.  

 

Statistical analysis  

Data were processed via SPSS 

version 15 (Chicago, IL) and MedCalc. The 

distribution of continuous variables was 

evaluated via the Shapiro–Wilk test. 

Variables with normal distribution (e.g., age, 

weight, height, duration of surgery, 

percentage reduction in handgrip strength, 

onset and duration of block, and procedure 

time) were summarized as mean ± standard 

deviation and compared between 

groups via the independent (unpaired) 

Student’s t-test. Non-normally distributed 

continuous or ordinal variables (e.g., time to 

full motor recovery and VAS scores) were 

reported as median (interquartile range) and 

analyzed via the Mann–Whitney U test. 

Changes in motor power and VAS scores 

over time were examined via repeated 

measures ANOVA. Categorical variables 

(e.g., sex, ASA class, tourniquet use, 

and AEs rates) were presented 

as numbers (%) and compared via the chi-

square test or Fisher’s exact test 

as appropriate. Patient satisfaction 

was presented as numbers (%) and 

compared via the chi-square test. Statistical 

significance was defined as p ˂ 0.05.  

 

Results 

Eighty-four patients were assessed for 

eligibility; 21 did not meet the inclusion 

criteria, and 11 declined to participate. The 

remaining 52 patients were randomized in 

equal numbers (26 per group), and all were 

included in the analysis (Figure 1).  

No significant differences were observed in 

demographic data between the two groups, 

including age, gender, weight, height, and 

duration of surgery (P > 0.05) (Table 1).  

The percentage reduction in handgrip 

strength at 90 minutes postoperative was 

similar between groups (84.92 ± 7.71 

for AXBPB vs 87.77 ± 8.84 for ICBPB). 

However, time to full motor recovery was 

significantly longer in the ICBPB group 

(7.77 ± 1.75 hrs) than in the AXBPB group 

(5.92 ± 1.07 hrs; P < 

0.001). The time taken to perform BPB was 

significantly longer in the AXBPB approach 

than the ICBPB approach, while the duration 

of AXBPB sensory block was significantly 

shorter than the ICBPB approach (P = 0.001 

for procedure duration; P < 0.001 

for block onset and duration) (Table 2). 
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Patient satisfaction and block-related 

consequences, including 

localized anesthetic toxicity, 

paresthesia, vascular puncture, and 

pneumothorax are shown in Table 3. The 

application of a tourniquet, as well as the 

duration and pressure applied, were also 

recorded (Table 3). However, no significant 

differences were found between the 

two groups for any of these 

parameters (Table 3).  

A significant difference existed 

between the US-guided AXBPB and the BP 

infraclavicular approach. There was an 

early recovery of full motor power in the 

group via the AXBPB approach 

(P < 0.001). Postoperative VAS scores were 

assessed every 30 minutes and 

showed comparability between the 

two groups (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 



294 

                                           M.E.J. ANESTH 33 (2), 2026 

 
 

 

 

Figure 1.  CONSORT flow diagram of patient enrollment, randomization, follow-up, and analysis. 

 

 

 

 

 

 

 



295 

                                           M.E.J. ANESTH 33 (2), 2026 

 
 

Table 1. Demographic data and surgical duration of the studied groups.  

 AXBPB 

(n=26) 

ICBPB 

(n=26) 
P-value 

Age (year)  35.08±10.05  35.92± 13.66  0.800  

Sex  
Male  12(46.2%)  13(50.0%)  

0.781  
Female  14(53.8%)  13(50.0%)  

ASA physical status  
I  23(88.5%)  19(73.1%)  

0.159  
II  3(11.5%)  7(26.9%)  

Weight (kg)  79.77±10.71  78.19± 11.57  0.612  

Height (cm)  162.23±30.62  170.23± 7.08  0.200  

Surgery duration (min)  32.08± 8.01  34.42± 8.26  0.304  

Data are presented as mean ± standard deviation or frequency (%); ASA: American Society of 

Anesthesiologists; AXBPB: axillary brachial plexus block; ICBPB: infraclavicular axillary brachial plexus block.  

  

Table 2. Comparison of motor recovery, procedure time, and block duration in 

axillary and infraclavicular brachial plexus blocks.  

 
AXBPB 

(n=26) 

ICBPB 

(n=26) 
P-value 

M 90min  84.92 ± 7.71  87.77 ± 8.84  0.221  

Full motor recovery (hrs)  5.92 ± 1.07  7.77 ± 1.75  < 0.001 

Procedure time (min)  11.46±2.08  9.54±2.04  0.001  

Onset of sensory block (min)  17.31±6.04  25.38±5.08  < 0.001  

Duration of sensory block (hrs)  8.56±1.00  11.85±0.78  < 0.001 

Data are presented as mean ± standard deviation; AXBPB: axillary brachial plexus block; ICBPB: infraclavicular 

axillary brachial plexus block.  
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Table 3. Patient satisfaction, upper arm tourniquet application, and incidence of adverse events in 

the two groups.  

 
AXBPB 

(n=26) 

ICBPB 

(n=26) 
P-value 

Patient Satisfaction  

Satisfied  14 (53.9%)  14 (53.9%)  

1  Neutral  11 (42.3%)  11 (42.3%)  

Not Satisfied  1 (3.8%)  1 (3.8%)  

Number 

of operations with Tourniquet applications  
17 (65.4%)  16 (61.5%)  0.773  

Adverse events  

Paresthesia  2 (7.69%)  1 (3.85%)  1  

Vascular injury  1 (3.85%)  0 (0%)  1  

LA toxicity  0 (0%)  0 (0%)  ---  

Pleural injury  0 (0%)  1 (3.85%)  ---  

Data are presented as frequency (%); LA: local anesthetic; AXBPB: axillary brachial plexus 

block; ICBPB: infraclavicular axillary brachial plexus block.  
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Figure 2. (A) Motor recovery over time assessed by handgrip dynamometry after ultrasound-

guided axillary versus infraclavicular (ICBPB) brachial plexus block. (m0= preoperative value). 

(B) Postoperative pain intensity over time was measured by the visual analogue. It is measured 

numerically from 0-10cm. Likert scale is a method for measurement of patient satisfaction. 
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Discussion  

The earlier motor 

recovery observed with the axillary approach 

suggests a clinically relevant motor- sparing 

advantage for minor hand 

surgery. The percentage reduction in 

handgrip strength at 90 minutes was 

comparable between groups. Still, full motor 

recovery occurred earlier in 

the AXBPB group, indicating faster 

recovery from motor blockade rather than a 

lower degree of early motor impairment. 

Procedure time was longer 

for AXBPB, while the onset of sensory block 

was faster and the duration of sensory block 

was shorter compared to ICBPB. Patient 

satisfaction and tourniquet use were similar 

between groups. Block-related adverse 

events, including local anesthetic systemic 

toxicity (LAST), paresthesia, vascular injury, 

and pleural injury, were 

infrequent. Postoperative VAS scores did not 

differ between groups.  

The use of PNBs in limb surgeries 

has increased due to their ability to deliver 

adequate intraoperative anesthesia while 

minimizing postoperative 

pain.9,10 Nevertheless, the motor paralysis 

produced by these blocks poses a clinical 

dilemma: it prevents straightforward 

postoperative evaluation of nerve function. It 

can therefore be particularly problematic 

following soft-tissue surgeries that may have 

independently compromised peripheral 

nerves.11  

Extended or severe motor block may 

not be suitable for individuals having brief 

soft-tissue operations or day surgery, since 

motor block might lead to impaired self-care 

and postpone release.12 Delicate surgical 

procedures are performed during soft-tissue 

surgeries of the hand or forearm, with 

surgeons exercising caution to 

prevent neurological injury. Although there 

may not be any apparent nerve injury 

resulting from surgery, performing a surgical 

release near a nerve or undergoing a 

fasciectomy still poses a potential risk of 

neurological AEs. 

Furthermore, postoperative inflammation or 

edema may result in neural compression, 

thereby worsening neuronal injury. 

Confirmation of nerve function ought to be 

promptly conducted following forearm 

or hand surgeries. Therefore, ensuring 

sufficient motor function enables the 
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execution of postoperative manual muscle 

testing.13  

The use of US guidance enables direct 

and real-time visualization of nerve anatomy, 

needle trajectory, and LA distribution during 

regional anesthesia. This facilitates precise 

nerve block procedures.14 Recent studies have 

examined the optimal concentration and 

dosage of bupivacaine for BPBS in upper 

limb surgeries.13  

However, comparative 

data regarding motor recovery after AXBPB 

and ICBPB remain limited. In this study, the 

postoperative change in handgrip strength of 

the operated limb was expressed as a 

percentage decrease from the preoperative 

baseline strength measured 90 minutes after 

the procedure for both the AXBPB and 

ICBPB groups, using a handgrip 

dynamometer.  

No statistically significant difference 

between both groups was found in the 

percentage reduction in handgrip strength at 

90 minutes. Both approaches produced a 

marked early reduction in motor power. This 

finding is consistent with Ertug and co-

authors15 who reported comparable onset and 

recovery of sensory and motor blockade in 

the median, radial, ulnar, and 

musculocutaneous nerve distributions with 

the two approaches.  

Additionally, Lahori and co-

authors16 showed that both methods 

provide sufficient surgical anesthesia for 

procedures involving the upper extremities. 

Both techniques were equally effective 

in initiating sensory block, achieving motor 

blockade, achieving success rates, block 

lengths, and requiring supplements.  

The current study measured the 

time required to restore complete motor 

power by comparing handgrip 

strength via a handgrip 

dynamometer immediately after the block 

and every 30 minutes until motor power was 

regained. The duration required to regain full 

motor power was significantly shorter in the 

ABN group compared with 

the ICBPB group, in contrast with Ertug and 

co-authors15 who found that the extent and 

recovery of motor blocks were comparable 

for both techniques via the modified Lovett 

rating scale. Data on motor 

recovery was relatively limited. A study by 

Kapral and co-authors17 found that patients 

receiving ICBPB exhibited significant motor 

and sensory blockade of the 

musculocutaneous nerve. In contrast, patients 

receiving AXBPB had a slight blockade of 

this nerve. Patients 

receiving ICBPB exhibited involvement of 

an extra spectrum of nerves (AXBPB, 
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thoracodorsal, and medial brachial 

cutaneous nerves) in comparison to patients 

receiving AXBPB. However, the initiation 

and duration of both blocks were 

comparable.   

In a systematic review, Albrecht and 

co-authors2 concluded that the duration of 

analgesia was shorter with 

an AXBPB approach.   

In agreement with our 

findings regarding block duration, López-

Morales et al.18 reported a longer analgesic 

duration with ICBPB than with AXBPB (20 

± 1.36 vs 13.70 ± 2.16 h). Similarly, our 

study demonstrated a longer sensory-block 

duration with ICBPB than with AXBPB 

(11.85 ± 0.78 vs 8.56 ± 1.00 h), although 

analgesic duration and sensory-block 

duration are different outcomes. 

However, they reported a longer block-onset 

time with US-guided AXBPB than with 

ICBPB (10.2 ± 1.4 vs 6.35 ± 2 min).  

Similarly, Song et al.19 reported that 

ICBPB required a shorter procedure time 

than AXBPB but had a slower block onset. 

This finding was in agreement with our 

results, as ICBPB had a shorter procedure 

time (9.54 ± 2.04 vs 11.46 ± 2.08 min) but a 

longer sensory-block onset (25.38 ± 5.08 vs 

17.31 ± 6.04 min) than AXBPB. Procedure 

time refers to the time required to perform the 

block, whereas onset time refers to the 

interval between completion of 

local anesthetic injection and development of 

the block.  

Block-related AEs were uncommon 

and did not differ significantly between 

groups. Paresthesia occurred in two patients 

in the AXBPB group and one patient in the 

ICBPB group; vascular injury occurred in 

one patient in the AXBPB group; pleural 

injury occurred in one patient in the ICBPB 

group; and no LA toxicity occurred in either 

group. The low frequency of AEs may be 

related to US guidance, 

which facilitates visualization of the needle, 

adjacent structures, and LA spread. 

 

Strengths and limitations  

This study has several limitations. 

The study was conducted at a single center, 

which may limit the generalizability of the 

findings to other institutions and practice 

settings. The sample size was relatively 

small, and the trial may not have been 

powered to detect differences in less frequent 

outcomes such as rare AEs or subgroup 

effects. Although all blocks were performed 

under US guidance via a standardized 

protocol, regional 

anesthesia remains operator-dependent, and 

outcomes such as onset time, success rate, 
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and block characteristics may vary 

with clinician experience. Motor function 

was assessed objectively via handgrip 

dynamometry, but functional outcomes 

beyond grip strength (e.g., validated patient-

reported upper-limb function, return to 

activities of daily living, or time to readiness 

for discharge in ambulatory surgery) were not 

evaluated. Future multicenter studies with 

larger samples and broader functional 

endpoints are warranted.  

 

Conclusion  

In conclusion, US-

guided AXBPB and US-

guided ICBPB produced similar degrees of 

motor impairment at 90 minutes and 

comparable postoperative analgesia. Still, the 

axillary approach was associated with earlier 

full motor recovery and shorter overall block 

duration with the same local anesthetic 

regimen (20 mL of 0.25% bupivacaine). 

Clinically, the AXBPB may be preferable in 

ambulatory minor hand surgery when rapid 

postoperative motor recovery and early 

neurological assessment were priorities.  
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CASE REPORT 

Acute Lung Injury as a Trigger of Perioperative Pulmonary Hypertensive 

Crisis After Ventricular Septal Defect Closure: A Case Report  

Beni Indra1*, Aldy Heriwardito1 

Abstract 

Ventricular septal defect (VSD) is the most common congenital heart disease in children 

and is typically treated with surgery using cardiopulmonary bypass (CPB). CPB is effective, but it 

can induce a systemic inflammatory response that may contribute to postoperative pulmonary 

complications including acute lung injury (ALI). Pulmonary hypertensive crisis (PHC) is a major 

complication following congenital heart surgery, usually caused by hypoxia, hypercapnia, 

acidosis, or surgical stress. However, the role of primary lung injury as an initiating factor for 

PHC remains unclear. We report a 1-year-old female with perimembranous VSD and pulmonary 

hypertension who developed sudden hemodynamic deterioration immediately after separation 

from CPB. Intraoperative findings included decreased lung compliance, hemorrhagic endotracheal 

secretions, and acute right ventricular dilation, indicating ALI preceding PHC. The 

patient required cardiopulmonary resuscitation, inhaled nitric oxide, inotropic support, and 

delayed sternal closure. Postoperative management prioritized optimizing oxygenation and 

reducing pulmonary vascular resistance, leading to gradual recovery and 

successful extubation. This case suggests a temporal relationship in which ALI may serve as a 

primary trigger for PHC rather than as a secondary consequence. Early identification of lung injury 

and implementation of an integrated cardiopulmonary management strategy may help prevent 

progression to hemodynamic instability in pediatric cardiac surgery. 

 

Keywords: Ventricular septal defect; Acute lung injury; Pulmonary hypertensive crisis; 

Cardiopulmonary bypass; Anesthesia, pediatric; Heart failure, right-sided. 
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Introduction 

Ventricular septal defect 

(VSD) represents the most prevalent 

congenital heart 

disease, comprising approximately 40% of 

cardiac anomalies in children. Surgical 

closure with cardiopulmonary bypass 

(CPB) induces a systemic inflammatory 

response that may contribute to postoperative 

morbidity, particularly pulmonary 

complications.1   

Pulmonary hypertensive crisis (PHC) 

is a severe complication following congenital 

heart surgery, defined by a sudden increase in 

pulmonary vascular 

resistance (PVR) causing acute right 

ventricular (RV) failure and systemic 

hypotension. Common triggers include 

hypoxia, hypercapnia, acidosis, and 

perioperative stress.2,3 However, whether 

primary lung injury can independently 

provoke PHC remains unclear.4,5   

Acute lung injury 

(ALI) may occur following CPB and may act 

as an initiating factor by 

increasing PVR and precipitating 

RV decompensation. Current management 

strategies for PHC rely largely on expert 

consensus due to limited pediatric 

evidence.2 This case illustrates a temporal 

sequence in which ALI preceded the onset of 

PHC, suggesting that lung injury may have 

acted as the initial trigger.   

 

Case report 

A 1-year-3-month-old female 

weighing 7 kg with a body length of 67 

cm and severe protein-energy malnutrition 

was referred for surgical correction of a 

congenital heart defect diagnosed at four 

months of age due to recurrent respiratory 

symptoms and failure to thrive. According to 

the WHO child Growth Standards, the 

expected median body weight is 

approximately 9.7 kg. On examination, the 

patient was conscious and active. Vital signs 

showed heart rate 140 beats per minute, 

respiratory rate 25 breaths per minute, 

temperature 37°C, and oxygen saturation 

96% on room air. Cardiac examination 

revealed a wide, fixed split S2 with a 

pansystolic murmur at the left parasternal 

border. Pulmonary examination revealed 

vesicular breath sounds with minimal 

crackles and bilateral wheezing.  

Preoperative chest radiography 

showed cardiomegaly with increased 

pulmonary vascular markings and bilateral 

perihilar infiltrates (Figure 1). Transthoracic 

echocardiography revealed a 5–6 

mm perimembranous VSD with left-to-right 

shunt, mild tricuspid regurgitation 
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(gradient 35 mmHg), and pulmonary 

hypertension, with preserved biventricular 

function. The patient was diagnosed with a 

large perimembranous VSD with pulmonary 

hypertension and severe malnutrition, 

and scheduled for surgical repair.  

General anesthesia was induced with 

intravenous midazolam, fentanyl, 

and rocuronium for neuromuscular blockade 

to facilitate endotracheal intubation. 

Mechanical ventilation (pressure-controlled 

mode) was set at tidal volume 52 mL, 

respiratory rate 40, positive end-expiratory 

pressure (PEEP) 5 cmH₂O, FiO₂ 0.85, and 

peak airway pressure 18 cmH₂O. Bilateral 

wheezing was noted after intubation. 

Invasive monitoring included a femoral 

arterial line and internal jugular central 

venous catheter. Hemodynamic support with 

dopamine and milrinone infusion 

was initiated.  

Surgery was performed via median 

sternotomy with CPB using aortic 

and bicaval cannulation. The VSD was 

closed with a patch via a trans-tricuspid 

approach, and mild tricuspid regurgitation 

was repaired. A small patent 

foramen ovale (~4 mm) was intentionally 

preserved for right-to-left decompression 

during acute pulmonary hypertension. 

CPB time was 62 minutes and aortic cross-

clamp time was 34 minutes.   

During surgical hemostasis following 

aortic decannulation, the patient developed 

sudden hemodynamic deterioration with 

severe desaturation, hypotension, and 

bradycardia. Intraoperative findings included 

acute right atrial and RV dilation, blood-

tinged endotracheal secretions, decreased 

pulmonary compliance, hyperemic lung 

parenchyma, and atelectasis involving the left 

lung and right upper lobe. These findings 

suggested PHC with RV dysfunction and 

acute lung injury. Direct pulmonary artery 

pressure measurements were not available 

because pulmonary artery catheterization was 

not routinely performed during surgery. 

Therefore, the diagnosis 

was established based on the characteristic 

intraoperative clinical manifestations and 

surgical findings.  

Cardiopulmonary resuscitation was 

performed for five minutes until return of 

spontaneous circulation. Bronchial 

suctioning, lung recruitment, temporary 

pacing, and inhaled nitric oxide 

were initiated. Due to persistent instability, 

delayed sternal closure was performed.  

 

The patient was transferred to the 

cardiac intensive care 
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unit (CVCU) with relatively 

stable hemodynamics, including blood 

pressure 97/68 mmHg, heart rate 135 beats 

per minute, oxygen saturation 100%, and 

central venous pressure 12 mmHg. 

Hemodynamic support was maintained with 

dopamine 7.5 µg/kg/min and milrinone 0.375 

µg/kg/min, while pulmonary vasodilation 

was provided with inhaled nitric oxide at 60 

ppm via the ventilator circuit. Serial 

monitoring demonstrated gradual 

improvement in oxygenation and 

hemodynamic stability. During the 

intraoperative pulmonary hypertensive crisis, 

inhaled nitric oxide was initiated at 60 ppm 

and continued in the cardiac intensive care 

unit. On postoperative day 1, the 

inhaled nitric oxide concentration was 

reduced to 20 ppm and subsequently weaned 

according to serial assessment of 

oxygenation, hemodynamic status, and 

echocardiographic findings until 

discontinuation. Milrinone infusion was 

continued postoperatively and gradually 

titrated according to the patient's 

hemodynamic response together with 

dopamine during the early postoperative 

period. Follow-up chest 

radiography demonstrated improved 

pulmonary aeration (Figure 2).  

The patient remained on mechanical 

ventilation in the CVCU 

to maintain respiratory and hemodynamic 

stability and was successfully extubated on 

postoperative day 15. The prolonged need for 

ventilatory support was attributed to 

pulmonary hypertensive crisis and severe 

protein-energy malnutrition. In addition, 

hospitalization was prolonged because of 

postoperative respiratory and infectious 

complications, including ventilator-

associated pneumonia, left main bronchial 

stenosis, retained airway secretions, minimal 

bilateral pleural effusions, and left lung 

atelectasis. Postoperative echocardiography 

revealed no residual ventricular septal defect, 

preserved biventricular function, and a small 

patent foramen ovale with no evidence of 

right-to-left shunting. The 

patient demonstrated sustained clinical 

improvement and was discharged in stable 

condition after 27 days of hospitalization.
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Figure 1. Preoperative chest radiograph demonstrating increased pulmonary vascular markings 

without focal consolidation.  

 

 

 

Figure 2. Postoperative chest radiograph showing bilateral pulmonary consolidation consistent 

with acute lung injury following cardiopulmonary bypass.  
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Discussion 

Children undergoing congenital heart 

surgery are at high risk for postoperative 

pulmonary complications, including acute 

lung injury, due to the systemic inflammatory 

response induced by CPB.4 PHC is typically 

associated with triggers such as hypoxia, 

hypercapnia, acidosis, or perioperative stress 

rather than primary pulmonal parenchymal 

injury.3  

However, in this case, ALI 

was evident immediately after separation 

from CPB, as reflected by decreased lung 

compliance and hemorrhagic endotracheal 

secretions, and preceded hemodynamic 

collapse. This temporal sequence suggests 

that PHC may not always originate from 

intrinsic pulmonary vascular dysfunction, but 

can instead be initiated by acute lung injury, 

supporting a directionality reversal in which 

lung injury acts as a primary trigger rather 

than a secondary consequence.  

 CPB induces a systemic 

inflammatory response with release of 

cytokines such as TNF-α and IL-6, leading to 

disruption of the alveolar–capillary 

membrane.4 The resulting increase in 

pulmonary permeability, ventilation–

perfusion mismatch, and reduced lung 

compliance promote hypoxic pulmonary 

vasoconstriction and endothelial 

dysfunction.5 In patients with reactive 

pulmonary vasculature, this cascade can 

rapidly increase PVR, leading to 

acute RV overload, as reflected in this patient 

by RV dilation, systemic hypotension, and 

prompt response to inhaled nitric oxide.6,7  

Beyond inflammation, mechanical 

factors likely compounded the lung injury. 

The presence of pulmonary hemorrhage, 

reduced compliance, and bronchial 

compression indicates a multifactorial or 

multi-hit process. We propose a triple-hit 

model to explain this sequence. The first hit 

is CPB-induced inflammation; the second is 

acute lung injury; and the third is 

perioperative physiologic triggers culminatin

g in PHC.  

Ventilatory management is central to 

the interaction between pulmonary and 

cardiac function. Contemporary strategies 

emphasize an integrated cardiopulmonary 

approach, recognizing that ventilator settings 

directly affect PVR and RV afterload. 

Elevated PEEP, excessive lung distension, or 

permissive hypercapnia may increase PVR, 

while insufficient alveolar recruitment 

can exacerbate hypoxemia.8 Current 

recommendations advocate for low tidal 

volumes (4–6 mL/kg), limitation of driving 

pressure, and meticulous PEEP 

titration.9 These principles are consistent 
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with recent pediatric ventilation 

guidelines, including PALICC-2, which 

underscore the significance of limiting drive 

pressure and implementing individualized, 

integrated cardiopulmonary strategies.  

In patients with reactive pulmonary 

vasculature, excessive PEEP, hyperinflation, 

or permissive hypercapnia may inadvertently 

increase PVR and precipitate RV 

decompensation. This highlights 

the importance of an RV-

protective ventilation strategy, in which 

ventilatory adjustments are guided by both 

oxygenation targets and their hemodynamic 

consequences.8  

In this patient, hemodynamic 

deterioration was primarily driven by acute 

RV failure secondary to a sudden increase 

in PVR rather than hypoxemia alone. Early 

initiation of inhaled nitric oxide and 

milrinone (0.375 µg/kg/min) effectively 

reduced RV afterload, improved ventriculo-

arterial coupling, and resulted in rapid 

hemodynamic recovery. 

This interpretation is supported by acute RV 

dilation, and the rapid hemodynamic 

response to pulmonary vasodilatory 

therapy.6,7  

The intentional preservation of a 

small patent foramen ovale likely provided a 

protective decompression mechanism, while 

delayed sternal closure may have further 

supported cardiac function by reducing 

mediastinal constraint.10   

There may be several 

factors that contributed to the 

patient’s reduced physiological reserve 

before and during surgery. Severe 

malnutrition may reduce pulmonary reserve 

and exacerbate the inflammatory response 

associated with CPB.11 Postoperatively, 

management focused on preventing recurrent 

increases in pulmonary vascular resistance 

while maintaining adequate 

oxygenation and avoiding secondary triggers 

such as hypoxemia, hypercapnia, acidosis, 

and excessive airway pressure through lung-

protective ventilation. Pulmonary vasodilator 

therapy, including inhaled nitric oxide and 

milrinone, was continued under close 

hemodynamic monitoring and gradually 

weaned according to serial clinical and 

echocardiographic assessment, resulting in 

progressive hemodynamic stabilization 

and successful extubation.  

From a clinical perspective, this case 

underlines the importance of early 

recognition of lung injury in the 

intraoperative setting. The sudden drop in 

lung compliance, increasing 

airway pressures or hemorrhagic secretions 

should be considered early signs of 
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impending PHC. This case supports 

the concept that PHC may arise from a 

sequence of interacting insults: CPB-induced 

inflammation followed by acute lung injury 

and amplified by perioperative triggers. In 

this context, lung injury may be an important 

contributor to hemodynamic deterioration in 

vulnerable patients. This case suggests that 

early recognition of ALI may permit a 

change from reactive to preventive 

management of PHC.  

A limitation of this case is the absence 

of direct pulmonary artery pressure (PAP) 

measurements because pulmonary artery 

catheterization was not routinely performed 

in this pediatric patient. Therefore, the 

diagnosis of pulmonary hypertensive crisis 

was based on characteristic intraoperative 

findings, including abrupt systemic 

desaturation, severe hypotension, 

bradycardia, acute right atrial and right 

ventricular dilatation, a tense pulmonary 

artery on direct surgical assessment, blood-

tinged endotracheal secretions, and markedly 

reduced pulmonary compliance. Despite the 

lack of invasive PAP measurements, these 

findings were considered highly consistent 

with pulmonary hypertensive crisis by the 

multidisciplinary surgical and anesthesiology 

team.  

 

Conclusion  

This case suggests that ALI 

following CPB may act as 

a  primary trigger of 

PHC rather than merely representing a conc

urrent postoperative complication. 

The early onset of 

lung injury, preceding hemodynamic decom

pensation, underscores the association betwe

en impaired lung mechanics, elevated PVR, 

and RV failure.  

Physicians should consider oxygenat

ion parameters and consider how the lungs a

nd right ventricle interact. Decreased lung co

mpliance, increased airway pressure, or decr

eased oxygenation may indicate impending c

risis. For these high-risk patients, 

lung protective strategies should be combine

d with RV support using pulmonary vasodila

tors.  
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REVIEW 

From Tutor to Technology: Can AI Guide the Future of Regional Anesthesia 

Training?  A Review Article 

Amal F. Sameer1, Chetankumar B. Raval1,2, Neethu Arun1*, Chitrambika. P.   

Krishnandas1, Navya Raval3 

Abstract 

Background: With the advent of ultrasound machines and implementation of efficient 

training programs, popularity of Ultrasound Guided Regional Anesthesia (UGRA) for acute and 

chronic pain management is soaring in the world of anesthesia. But the learning curve for master-

ing this skill is steep.  

Objective: To evaluate the role and impact of artificial intelligence in enhancing ultra-

sound-guided regional anesthesia training.  

Methods: A literature search was conducted on articles published in last 7 years up to June 

2024 using keywords including Artificial intelligence, Ultrasound-guided regional anesthesiol-

ogy, Regional Anesthesia Training, Curriculum development, medical education, Machine learn-

ing, and Deep learning on reputable medical databases. The types of studies included were quali-

tative, observational, cohort, and comparative studies, randomized control trials, systematic re-

views, and editorials.   

Results: AI-assisted tools such as Nerveblox, ScanNav™, NeedleTrainer, and Clear-

Guide EDU demonstrated significant improvement in anatomical identification, hand-eye coordi-

nation, and reduced complication rates during simulation and clinical training. A randomized con-

trol trial of AI based convoluted neural network used to train US guided sciatic nerve block showed 

significantly lower paresthesia during puncture [11 (4.12%) vs. 36 (14.06%), P = 0.000093] and 

paresthesia/pain during injection [6 (2.25%) vs. 17 (6.64%), P = 0.025] in the AI taught group than 

in traditionally taught group. Moreover, the Assessment Checklist for UGRA (32 ± 3.8 vs. 

29.4 ± 3.9, P = 0.001) and nerve block self-rating scores (7.53 ± 1.62 vs. 6.49 ± 1.85, P < 0.001) 

were considerably higher in AI taught group than in the traditionally taught group.  

Conclusion:  As patient safety is the greatest concern during training of any invasive 

method, AI shows a promising shift in training towards safeguarding patient wellbeing while en-

hancing the accuracy of regional anesthesia/analgesia delivery. Although AI involvement in daily 

life is still a matter of fear, a study showed that most experienced anesthesiologists agree on 

its perks.  

Keywords:  Curriculum development; Medical education; Machine learning; Deep learning 
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Introduction 

Ultrasound-guided regional anesthe-

sia (UGRA) has become a cornerstone in 

perioperative pain management and is widely 

incorporated into multimodal analgesia pro-

tocols.1,2 The technique requires a complex 

combination of anatomical knowledge, ultra-

sound image interpretation, probe manipula-

tion, and precise needle guidance to ensure 

efficacy while minimizing complications.3  

Despite improvements in ultrasound 

technology and simulation-based training, 

the acquisition of UGRA skills continues to 

rely heavily on subjective expert supervision. 

Artificial intelligence offers an opportunity to 

introduce objective assessment, real-time 

feedback, and standardized training path-

ways, thereby potentially improving both ed-

ucational outcomes and patient safety.  

Barrington et al. highlighted the steep 

learning curve associated with UGRA, 

demonstrating that novices require at least 28 

supervised attempts in cadaveric models to 

achieve competency in needle visualization.4 

Effective training therefore necessitates re-

peated practice with continuous feedback, de-

velopment of muscle memory, and a detailed 

understanding of anatomical relationships, 

particularly when target structures are not 

consistently visualized.   

In recent years, AI has been increas-

ingly integrated into healthcare systems, 

driven by its ability to enhance precision, ef-

ficiency, and data-driven decision-making.5,6 

Its application in regional anesthesia has ex-

panded with the development of systems ca-

pable of ultrasound image optimization, ana-

tomical structure recognition, needle track-

ing, and guidance for local anesthetic deposi-

tion.7–9 These technologies have the potential 

to standardize training across varying levels 

of expertise, reduce technical errors, and im-

prove patient outcomes.10–12   

Simulation-based training models, in-

cluding hybrid and cadaveric systems, have 

been shown to reduce technical errors and 

flatten learning curves.13,14 However, varia-

bility in training methods and outcomes per-

sists, and the translation of simulation-

based proficiency into clinical practice re-

mains uncertain.15  

This review aims to examine the role 

of artificial intelligence in regional anesthe-

sia training and curriculum development, 

while also exploring emerging technologies 

from other medical disciplines that may have 

future applications in UGRA education.  
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Materials And Methods 

A comprehensive literature search 

was performed using the keywords artificial 

intelligence, regional anesthesia, ultrasound-

guided regional anesthesiology, novice prac-

titioners, regional anesthesia training, curric-

ulum development, medical education, ma-

chine learning, and deep learning. Searches 

were conducted in PubMed, Scopus, Google 

Scholar, Embase, Cochrane Library, and 

CrossRef.  

Studies were screened based on rele-

vance, methodological rigor, and the pres-

ence of data related to AI-assisted training in 

regional anesthesia. Only English-language 

publications from the past 7 years up to June 

2024 were included.  The review incorpo-

rated a wide range of study designs, including 

qualitative studies, observational studies, co-

hort studies, comparative studies, random-

ized controlled trials, validation studies, ex-

perimental studies, review articles, editorials, 

and practice guidelines. In total, the literature 

included 10 review articles, 6 editorials, 1 

guideline, 11 observational analytical studies, 

2 descriptive studies, 2 validation studies, and 

2 experimental studies. 

 

Results 

AI technologies in UGRA training 

can be broadly categorized into two func-

tional domains:  

1. Anatomical identification and inter-

pretation  

2. Needle tracking and procedural guid-

ance 

 

Deep learning, a subset of machine 

learning, underpins many of these systems 

by utilizing layered neural networks to ana-

lyze ultrasound images and identify anatomi-

cal structures. Over time, these systems im-

prove their ability to differentiate tissues and 

provide real-time assistance during proce-

dures.12  

 

Color Overlay Technologies  

Nerveblox®  

Nerveblox® is an AI-based platform 

that enhances ultrasound image interpretation 

by overlaying color-coded anatomical struc-

tures. Developed by Smart 

Alfa Teknoloji (Turkey), it is compatible 

with multiple ultrasound systems and cur-

rently supports recognition of 12 peripheral 

nerve blocks.18  

Studies have shown that both trainees 

and experienced practitioners find Nerveb-

lox® beneficial in improving anatomical 

identification and procedural 
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understanding.16,17 Comparable sys-

tems include NerveTrack (Samsung Medi-

son), SmartNerve (Mindray), 

and cNerve (GE Healthcare).18  

  

ScanNav™  

ScanNav™ Anatomy Peripheral 

Nerve Block (Intelligent Ultrasound, UK) is 

one of the most extensively studied AI tech-

nologies in this field. It uses convolutional 

neural networks to perform semantic seg-

mentation and generate real-time color over-

lays of anatomical structures.20  

Clinical and simulation stud-

ies demonstrate that ScanNav™ improves 

confidence and accuracy in identifying ana-

tomical landmarks, particularly among nov-

ice users.11,18,19  

A randomized controlled trial evalu-

ating AI-assisted training in ultrasound-

guided sciatic nerve block showed signifi-

cantly lower rates of paresthesia during punc-

ture and injection, as well as improved train-

ing scores, compared with traditional meth-

ods.21 However, no significant difference in 

overall block success rate was observed.  

  

Needle Tracking and Simulation Systems  

NeedleTrainer™  

NeedleTrainer™ provides a non-in-

vasive training platform that simulates needle 

insertion using a retractable needle and real-

time ultrasound overlay.22 It inte-

grates ScanNav™ technology to guide train-

ees in identifying anatomical structures 

and optimizing needle trajectory.  

Studies demon-

strate that NeedleTrainer™ reduces time-to-

target and enhances procedural accuracy.22 It 

can also differentiate between novice and ex-

pert performance levels, making it useful for 

competency assessment.18,24  

However, traditional simulators such 

as Blue Phantom have demonstrated higher 

user satisfaction and better tactile feedback, 

which may contribute to improved confi-

dence and first-pass success rates.23  

 

Clear Guide EDU  

Clear Guide EDU is a computer-as-

sisted system that provides real-time needle 

trajectory guidance and performance feed-

back. It uses a combination of convolutional 

neural networks and residual neural networks 

to track needle movement and optimize probe 

positioning.25  

Studies have shown significant im-

provements in accuracy, number of attempts, 

and distance-to-target when compared with 

unguided training.25 
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Table 1. Artificial Intelligence-Assisted Technologies in Ultrasound-Guided Regional Anesthe-

sia Training: Features and Educational Outcomes  

  
Technology / Device  Developer / 

Origin  

AI Technique / 

Core Function  

Applications / Rec-

ognized Blocks  

Key Study Findings / Ed-

ucational Outcomes  

References  

Nerveblox®  Smart 

Alfa Teknoloj

i San. Ve Tic. 

A.S., An-

kara, Turkey  

AI-based real-

time color overlay 

for delineation of 

relevant anatomi-

cal structures on 

ultrasound im-

ages  

Recognizes approxi-

mately 12 peripheral 

nerve blocks  

Improved accuracy of ana-

tomical identification among 

novice users; both faculty 

and residents reported en-

hanced learning and proce-

dural confidence  

[16–18, 40]  

ScanNav™ Anatomy Peripheral Nerve 

Block  

Intelligent Ul-

trasound, Car-

diff, UK  

Convolutional 

neural networks 

(CNNs) for se-

mantic segmenta-

tion and real-

time color overlay 

of anatomical 

structures  

Multiple peripheral 

nerve blocks; US FDA 

approved (October 

2022)  

Increased confidence and ac-

curacy in anatomical identifi-

cation among non-ex-

perts; randomized controlled 

trial demonstrated reduced 

rates of paresthesia and 

higher post-training compe-

tency scores, although block 

success rates were similar 

to traditional training  

[14, 18, 19–

21]  

NeedleTrainer™  Intelligent Ul-

trasound, Car-

diff, UK (inte-

grated 

with ScanNav

™)  

Real-time AI 

overlay with vir-

tual needle simu-

lation enabling 

non-invasive ul-

trasound-guided 

practice on live 

participants  

Simulation of ultra-

sound-guided needling 

for various re-

gional anesthesia tech-

niques  

Provided shorter time-to-tar-

get compared with Blue 

Phantom simulators; effec-

tive in differentiating nov-

ice from expert performance 

for competency assessment. 

However, Blue Phantom pro-

vided greater tactile feed-

back, learner satisfaction, 

and first-pass success rates  

[17, 22–24]  

Clear Guide EDU  Clear Guide 

Medical, 

USA  

Combines resid-

ual neural net-

work (ResNet) 

and convolutional 

neural network 

(CNN) to overlay 

real-time needle 

trajectory with 

live feedback  

Training for ultra-

sound-guided inter-

ventions, including re-

gional anesthesia and 

biopsy procedures  

Statistically significant re-

duction in the number of at-

tempts and improved dis-

tance-to-target in the AI-

guided group; provides ob-

jective feedback on probe 

and needle alignment  

[25]  

Comparable Technologies 

(NerveTrack, SmartNerve, cNerve)  

Samsung 

Medison 

(South Ko-

rea); Mindray 

(China); GE 

Healthcare 

(USA)  

AI-

based color over-

lay systems simi-

lar to Nerveblox® 

for enhanced ana-

tomical visualiza-

tion  

Peripheral nerve imag-

ing and training across 

multiple ultrasound 

platforms  

Facilitate learning and im-

prove anatomical recogni-

tion; enhance usability across 

different ultrasound devices, 

supporting standardization of 

training  

[18]  

  
Abbreviations: AI, artificial intelligence; CNN, convolutional neural network; ResNet, residual neural network; 

UGRA, ultrasound-guided regional anesthesia; US FDA, United States Food and Drug Administration.  
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Future Directions in Regional Anesthe-

sia Training  

Wearable Technology and Performance An-

alytics  

Wearable recording devices com-

bined with machine learning algorithms can 

capture procedural performance and provide 

objective feedback. Integration of video data, 

ultrasound imaging, and positional tracking 

may enable detailed analysis of trainee per-

formance and facilitate proficiency-based 

progression training.8,26   

Eye-Tracking Technology   

Eye-tracking systems provide objec-

tive measures of expertise by analyzing gaze 

patterns. Experts demonstrate fewer but 

more focused fixations, whereas novices ex-

hibit scattered gaze patterns.27 Machine 

learning applications have already shown 

utility in predicting diagnostic errors in radi-

ology based on gaze behavior.28  

Generative Adversarial Networks  

Generative adversarial networks 

(GANs) can create synthetic datasets based 

on real clinical data, enabling simulation of 

anatomical variability without patient-related 

risks.29,30 This has potential applications in 

advanced training scenarios and rare anatom-

ical variations.  

Curriculum Development and Large Lan-

guage Models  

Large language models (LLMs), in-

cluding systems such as ChatGPT, offer new 

possibilities in curriculum design. These 

tools can generate tailored educational con-

tent based on trainee level and learning 

needs.31–33  

AI-driven curricula can be rapidly 

adapted to evolving clinical practices, alt-

hough concerns remain regarding accuracy, 

validation, and data privacy.34  

Discussion  

The increasing adoption of ultra-

sound-guided regional anesthesia under-

scores the importance of effective training 

strategies. AI-assisted systems have demon-

strated potential in improving procedural ac-

curacy, reducing complications, and enhanc-

ing learning efficiency. As ultrasound-

guided regional anesthesia replaces the en-

tirely pharmaceutical method of pain control 

in high-volume centers, training in regional 

anesthesia becomes one of the greatest weap-

ons in a trainee’s arsenal of skillset. The shift 

towards safeguarding patient well-being and 

https://chatgpt/generic-entity?number=0
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enhancing the precision of anesthetic 

delivery by AI has given it the potential to 

revolutionize regional anesthesia train-

ing. 17 This could, in turn, lead to widespread 

acceptance by the patients, anesthetists, nurse 

anesthetists, and non-Anesthesiology physi-

cians.  

Operator-dependent variability re-

mains a significant limitation in UGRA, with 

outcomes influenced by experience and tech-

nical proficiency.24,35 AI has the potential to 

reduce this variability by standardizing train-

ing and providing real-time guidance.   

Furthermore, AI-enabled training 

platforms may expand the scope of re-

gional Anesthesia by enabling non-anesthe-

siologists, including surgeons and emergency 

physicians, to safely perform selected proce-

dures.36,37  

However, several limitations must be 

acknowledged. AI systems are dependent on 

training datasets and may produce inaccurate 

outputs, potentially leading to clinical errors 

if used without appropriate oversight. Over-

reliance on AI may also impair the develop-

ment of fundamental ultrasound interpreta-

tion skills.  

Additional challenges include cost, 

need for technical infrastructure, requirement 

for ongoing updates, and the inability of AI 

systems to replace essential clinical compe-

tencies such as communication and decision-

making. Current advances in AI cannot elim-

inate the need for expert faculty required for 

training and supervision of trainees. LLM-

based curriculum also has privacy concerns 

since personal details of a trainee need to be 

input.   

Despite these limitations, surveys in-

dicate that most anesthesiologists recognize 

the value of AI in improving education and 

patient safety.38  

Conclusion  

Artificial intelligence represents a 

significant advancement in regional anesthe-

sia training, offering improvements in safety, 

precision, and standardization. Current evi-

dence supports its role as an adjunct to tradi-

tional teaching methods rather than a replace-

ment.  

Further research is required to vali-

date its effectiveness in clinical settings, ad-

dress ethical considerations, and estab-

lish standardized frameworks for integration 

into training curricula. Collaborative efforts 
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between clinicians, educators, and 

technologists will be essential to ensure safe 

and effective implementation.  
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