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LETTER FROM OUR

EDITOR-IN CHIEF

Innovation in healthcare is not measured by how advanced an idea appears,
but by how reliably it changes what happens to a patient.

It is from this premise that I am pleased to present Volume 2, Issue 3 of The
Operating Room Global Journal, under the theme “Advancing Surgical and
Health Outcomes Through Innovation, Evidence and Systems Strengthening.”

The urgency could not be clearer. Surgery contributes an estimated 13% of the
world’s disability-adjusted life years, yet complications occur in up to one in four
patients undergoing inpatient operations, with at least half of surgery-related
harm considered preventable. At the same time, cervical cancer continues to
claim approximately 350,000 lives annually, with nearly 94% of deaths occurring
in low- and middle-income countries. These figures remind us that the central
challenge is not simply discovering better interventions; it is ensuring that
evidence, technology, skilled professionals, and effective systems reach the
people who need them.

The eleven contributions in this issue reflect that broader responsibility. From
precision oncology and artificial intelligence to anaesthesia safety, postoperative
recovery, pain, surgical workforce development, health-professional education,
patient engagement, cancer prevention, and population health, the collection
demonstrates that meaningful progress rarely comes from a single discipline.

The future of surgery and healthcare will belong to systems that learn faster,
collaborate better, measure outcomes honestly, and translate evidence into
equitable action.

As we close this issue, our invitation is therefore simple: let innovation be
purposeful, evidence be consequential, and systems be designed around the
patient.

With appreciation,

Dr. Asjed Sanaullah
Editor-In-Chief,
The Operating Room Global Journal (TORGJ)
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ABSTRACT
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Data was collected through interviews using a structured digital

Article History:
Received: 11-07-2026 questionnaire to gather relevant information and Descriptive statistic and
Accepted: 24-07-2026 Binary logistic regression analysis was performed to explain the study
Available Online: 31-07-2026 participants with study variables and to identify the association between

the level of knowledge and independent variables.
Results: Of the 151 respondents, 79 people (52.3%) claimed that they knew
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as "putting patients asleep.” Almost all (92.1%) of the participants were
aware of the fact that anesthesia is mandatory for surgeries. On the other
hand, less than half (39.7%) of the respondents knew who decides whether

a patient is fit for anesthesia or not.

Conclusion: The perception of most patients is that anesthesia is all about
‘putting patients to sleep. There was poor knowledge of patients
regarding the role of anesthetists beyond the confines of the operating
theatre.

Keywords: Knowledge and Attitude, Elective Surgery, Anesthesia, Anesthetist,
Ethiopia.

INTRODUCTION

Anesthesia is an essential component of modern healthcare that enables safe and painless surgical procedures and
contributes significantly to perioperative care. [1] Apart from the administration of anesthetic drugs, there are many other
duties that an anesthetist performs, such as preoperative assessment, intraoperative monitoring, pain control after surgery,
critical care, and resuscitation in emergency situations. However, despite all these tasks, anesthesiology is little known
among ordinary people as a specialty that only makes patients go to sleep. [2, 3]

CC-BY 4.0 Licensed
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Patients” knowledge and perceptions of anesthesia and anesthetists have important implications for perioperative care.
Adequate understanding of anesthesia helps reduce fear and anxiety, improves communication between patients and
healthcare providers, facilitates informed decision-making, and enhances satisfaction with surgical services. [3-5]
Conversely, misconceptions and poor awareness may lead to unnecessary anxiety, lack of trust in anesthetic care, and
inadequate appreciation of the contributions of anesthetists. [6, 7]

Studies conducted in different countries have demonstrated substantial gaps in patients’ knowledge regarding the roles and
responsibilities of anesthetists. [4, 6, 8] Similar findings have been reported in several African and Asian countries, where
many patients are unaware that anesthetists are medically trained professionals responsible for monitoring vital functions,
determining fitness for anesthesia, and managing complications during and after surgery. [2, 8] In Ethiopia, previous studies
have also shown limited public awareness and misconceptions about anesthesia and anesthetists. [9, 10] However, evidence
from different regions of the country remains limited and may vary according to socio-demographic characteristics and
healthcare settings.

Assessing patients’ knowledge and attitudes toward anesthesia and anesthetists is essential for identifying knowledge gaps
and designing strategies to improve public awareness and patient-centered perioperative care. Therefore, this study was
conducted to assess the knowledge and attitudes of adult patients undergoing elective surgery toward anesthesia and
anesthetists at Werabe Comprehensive Specialized Hospital, Central Ethiopia, between March 1 and 30, 2025.

METHODS

Study area

The study was conducted in the Werabe comprehensive specialized Hospital/ WCSH, Central Ethiopia Regional State.
WCSH is found in the central Ethiopia, which is 175 km from the capital city, Addis Ababa. The hospital provides healthcare
services to more than 1.5 million catchment populations and is a referral center for three primary hospitals and 34 health
centers. It gives emergency, outpatient, and in-patient specialized care in medical, surgical, pediatrics, gynecology,
obstetrics, Ophthalmology, ENT, psychiatry, adult ICU (Intensive Care Unit neonatal intensive care unit (NICU) and
operation theater wings.

Study design and period
An institution-based, cross-sectional study was conducted from March 1 to 30, 2025 GC.

Study Population
Target Population: All adult Surgical Patients undergoing elective surgeries in Werabe Comprehensive Specialized Hospital
was the target population.

Source population
Adult elective surgical patients admitted to the Werabe Comprehensive Specialized Hospital

Study population
All consecutive adult elective surgical patients admitted to the general surgical, orthopedic, gynecology,
otorhinolaryngology (ENT), and plastic surgery wards.

Inclusion criteria
All patients 18 and above years old, admitted to the surgical, orthopedic, gynecology, ENT wards and plastic ward, and
patients who consented to participate in the study in the WCSH were included in the study.

Exclusion criteria
Patients with severe medical or surgical conditions, psychiatric problems, and patients who are unable to speak, or having
hearing difficulty was excluded from the study.

Variables of the Study
Dependent variables
© Level of knowledge to ward anesthesia and anesthetist

Page CC-BY 4.0 Licensed
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© Patient attitude toward anesthesia and anesthetist

Independent variables

© Age, sex, level of education, previous anesthetic/surgical experience, residence, and occupation were the independent
variables.

Sample Size and Sampling Technique

Sample size determination

For sample size determination single population proportion formula was used. Based on a study conducted in Dilla
University referral hospital [10], 42% of patients knew that Anesthetists is the one who give Anesthesia (P = 0.42)

We calculated the sample size as: n = (Z X g) p(1-p)/ &

Where, n = sample size, Z = the standard score corresponding to 95% confidence interval (1.96) P = the proportion of the
respondent that had good knowledge toward anesthesia (0.42). [10]

D = margin of sampling error to be tolerated (0.05)

n = (1.96)"2"0.42(1-0.42)/ (0.05)*> =374

The total number of surgical operations that were done through the elective process in the preceding year was less than
10,000 based on the records of surgical registration. Hence, there was use of finite population correction formula for
determination of the sample size as below: N =n/ (1 + n/N)

Where, N = Total number of patients took anesthesia for the last one month (N = 220), n = sample size (n = 374)
N =374/ (1 + 374/220)
N =139 we add 10% non-respondent rate then finally n =153

Data collection techniques

The questionnaire was developed by adapting items from previously published studies [2, 3, 10, 11] and was prepared in
both English and Ambharic. Participants were interviewed in Amharic by two trained data collectors. The data collection
process was supervised by two senior MSc anesthetists to ensure data quality and consistency.

This study also conducted in accordance with the ethical principles outlined in the World Medical Association Declaration
of Helsinki for Medical Research Involving Human Subjects. [12] In addition, the study was reported in compliance with the
STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines. [13]

Data quality management

To ensure the quality of data, a pilot study for pre-testing of the data collection tool (the questionnaire) was conducted at
Alem Gebaya Primary Hospital, Central Ethiopia Regional State on 10 consecutive elective surgical patients who were not
included in the main study. Internal consistency of the survey was evaluated using Cronbach’s alpha coefficient. The score
of 0.70 or above for Cronbach’s alpha coefficient was used as an indication of acceptable reliability. Item-total correlation
and "Cronbach's alpha if item deleted" were studied to determine poorly performing items and to evaluate how they affect
the internal consistency of the scale.

Data processing and analysis

First, the data was collected using kobotool box app, and then the data was transferred to and checked in SPSS version 27.
Descriptive statistic was used to explain the study participants with study variables. Bivariate analyses have been performed
to determine the association between the outcome variable and each independent variable. Only variables with a p-value
less than 0.25 during bivariate analysis were entered into the multivariate analysis. Finally, the strength of the association
between the independent variables and the level of knowledge and attitude of patients on anesthesia and anesthetists was
presented by odds ratio and 95% Confidence interval. A P-value less than 0.05 were considered statistically significant. The
goodness-of-fit of the final multivariable logistic regression model was assessed using the Hosmer-Lemeshow goodness-of-
fit test. A p-value greater than 0.05 was considered indicative of an adequate model fit.

Multicollinearity among independent variables was assessed using the variance inflation factor (VIF), and there was little or
no multicollinearity was observed among the independent variables (VIF < 10).
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RESULTS

Socio-Demographic Characteristics of Study Participants

A total of 151 study participants were involved in this study, two participants with incomplete data was excluded from the
study with a response rate of 99%. Of these 72 (47.7) were males and 79 (52.3) were female. About 29 (19.2%), were in the
age category between 18 and 24 years, 65 (43.04%) between 25 and 40 years, 57 (37.7%) is greater or equal to 40. The mean
age of participants was 38.9 + (13.3) years.

Regarding educational status 27(17.9%) were illiterate, 39 (25.8%) can read and write, 31 (20.5%) completed elementary
school, about 30 (19.9%) joined high school, and the rest 24 (15.9%) were graduated from university/college. 92 (60.9%) were
urban residents and 59 (39.1%) live in rural areas.

Most participants make their daily living by private businesses (55, 36.4%), by farming (45, 29.8%), and government
employees were 25 (16.6%) and the rest 27 (17.9%) were in the others category which involves housewives, students and
even participants with no job.

Previous History of Anesthetic Exposure

Regarding previous anesthesia exposure, 73(48.3%) patients responded that they have received anesthetic drugs for different
surgical interventions. Among these thirty-nine (25.8%) took anesthesia once, twenty-eight (18.5%) took it twice and the rest
six (4%) took it three or more times. General anesthesia (33, 21.9%) and regional anesthesia (33, 21.9%) was the type of
anesthesia received by most patients, about 5 (3.3%) patients were took local anesthesia and about 2 (1.3%) patients did not
remember or don’t know the type of anesthetic they have taken.

Patient Knowledge of Anesthesia and Anesthetist

Out of 151 participants, 79 (52.3%) of the patients know about anesthetist of this 57 (72%) were knew anesthetists as
university graduates who trained to give anesthesia, 12 (15.2%) as assistance of surgeon, 10 (12.7%) as nurses who trained
to give anesthesia.

Majority of the patients 139 (92.1%) believed that anesthesia is necessary for surgery.
On the assessment of patient’s knowledge about the role of anesthetists, majority 68 (86%) of patients replied that anesthetists
put the patients to sleep, monitor vital sign (5, 6.3%), anesthetizing and monitoring (5, 6.3%) and do major surgery (1, 1.2%)

When we assess who will decide on your fitness for anesthesia, 60 (39.8%) patients said the anesthetists will decide, while
63 (41.7%) said the surgeon, 14 (9.3%) were said nurses and the rest 14 (9.3%) don’t know.

Majority of patients 54 (35.8%) also thought the Surgeons determines if they could eat before surgery and again 50 (33.3%)
thought the anesthetist was responsible for it.

Table 1 Level of knowledge of surgical patients toward Anesthesia and Anesthetist in Werabe Comprehensive
Specialized Hospital, Werabe, Ethiopia. (n=151)

Knowledge of patients toward anesthesia and anesthetists Frequency | Percentage
Is anesthesia necessary for s Yes 139 92.1%
anesthesia necessary for surger
Y 8 [No 12 7.9%
General anesthesia 87 57.6%
Which type of do you prefer for your | Regional anesthesia 43 28.5%
surgery Local anesthesia 12 7.9%
I don’t know 9 6%
Y 53 35.1%
Do you know risk of anesthesia Neos 98 64.90/(;
Anesthetist 77 51%
In monitoring vital sign during Surgeon 55 36.4%
surgery Nurses 13 8.6%
I don’t know 8 4%
P a ge CC-BY 4.0 Licensed
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Who d think estimat d Anesthetists 45 29.8%
0 do you think estimates an Nurses 50 B1%
transfuse blood in OR when it
. Surgeons 26 17.2%
required
I don’t know 30 19.9%
Do anesthetists have role in No 5 6.3%
managing non-surgical pain? Yes 70 88.6%
I do not know 4 2.6%
o,
If you face breathing difficult either No 6 75 A;
in PACU or ward, do you think the Yes 72 91.1%
anesthetist has role in managing it? I don’t know 1 1.2%

The bi-variable logistic analyses showed that; age, residency, previous anesthesia exposure and literacy level was associated
with the patient’s knowledge of anesthesia and anesthetists.

On multivariate analysis, when we compare patients who can’t read or write plus patients who can only read or write with
patients completed high school or college, they are 86.4% less likely to know about anesthesia and anesthetists. [AOR 0.136
(0.046 - 0.397) P =0.00]

Similarly, when we compare patient who had no previous anesthesia exposure with those patients who had previous
anesthesia exposure, they are 75.5% less likely to know about anesthesia and anesthetists. [AOR: 0.245 (0.109 - 0.551) P =
0.001]. Other variables like the gender, occupation, and age of the patients were not significantly related with the level of
knowledge about Anesthesia and Anesthetists.

Table 2 Factors associated with level of Knowledge of surgical patients toward anesthesia and anesthetist in Werabe
Comprehensive Specialized Hospital, Werabe, Ethiopia. (n=151)

Knowledge level i _
Variable 8 Crude Odds Ratio Adj uls{te;i. Odds 1; Av;ge
Good Poor atio
40 o 1.243(0.657-2.353) P
Male (55.6%) 32 (44.4%) - 0.2
Gender 39
Femate o) | 0OV _
54 2.220 (1.148-4.294) | 0.575 (0.226 - 0.244
18 -4 40.0%
4 §-40 (60.0%) 35 (40.0%) p<0.018 1.459)
ge
25 .
20 0.280 (0.141-0.555) | 0.898 (0.355 -
R 7 .822
Residen | X7 333%) | 2007 1 p o001 2071 |08
cy 59 0
Urban (64.1%) 33(35.9%)
Can't read or 18 0.200 (0.070 - 0.136 (0.046 - 0.000
write + Only 48 (72.7%) 0.574) P < .397)
(27.3%)
Lit can read 0.01
iteracy
» 17 o 0.409 (0.140 -
level Elementary (56.7%) 13 (43.3%) | 1.760 (0.720-4.304) 1.192) 0.101
High 44(80%) | 11(20%) 0.001
school/college
350 (0.100 -
0.200 (0.070-0
F 20% % 1.221
Oceupa armer 9 (20%) 36 (80%) 574) ) 0.100
tion
Gov t/private | 55 1.760 (0.720- 1.589 (0.574 -
25(31.2% 0.372
business (68.8%) ( %) 4.304) 4.396)
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Student/une 15
12(44.4% .02

mployed (55.6%) (44.4%) 0.029
Previou 51 o
s Yes (69.9%) 22 (30.1%) 0.000
anesthe
sia 51 o 0.242 (0.122 - 0.245 (0.109 -
exposur No (65.4%) 27 (34.6%) 0.477) 0.551) 0.001
o™

Keys: COR: Crude Odd Ratio (unadjusted); AOR Adjusted Odd Ratio (controlled for other variables) and **, key significance
association (p < 0.05)

Attitude of the patient toward Anesthesia

Assessment of patient’s attitude toward Anesthesia were addressed as agree, disagree or neither of the two. Majority of
patients 149 (98.7%) agreed to meet the anesthetist peri-operatively. 115 (76.2%) patients think the surgeons tell all the
necessary information they need to know while, 28 (18.5%) disagreed, the rest 8 (5.3%) don’t know who is going to tell them
the information.

Ninety (59.6%) patients were more nervous about the surgery than anesthesia. 75 (49.7%) patients also agreed that
anesthetists do explain what is going to happen peri-operatively, while 64 (42.4%) disagreed. For question "how do you feel
about your safety when you put under anesthesia’ seventy-seven (51%) replied I feel safe, 60(39.7%) not sure about their
safety and the rest 9.3% replied ‘I don't feel safe.

For a variety of reasons, including prolonged sleep in the postoperative period (12, 7.9%), waking up during surgery (25,
16.6%), not waking up after anesthesia (54, 35.8%), and other issues including postoperative discomfort (10, 6.6%), the
majority of patients (101, 66.9%) are afraid of anesthesia.

Table 3 the attitude of surgical patients towards Anesthesia and Anesthetists in Werabe Comprehensive Specialized
Hospital, Werabe, Ethiopia. (n=151)

Attitude of Patients towards anesthesia and anesthetists Frequency | Percentage
. Disagree 5 3.3%
A good operation needs a teamwork -
from both anesthetist and surgeon Agree 144 95.4%
Neither agree nor disagree 2 1.3%
The anesthetists p(?rform his job 40 26.5%
under the surgeon’s order
How do you think the relationship The surgeons p.erform his job 12 7.9%
between the anesthetist and surgeon under anesthetist’s order
Each has different roles 69 45.7%
I don’t know 30 19.9%
I feel safe 77 51%
how do ym;feel aboEt your safety when |y 7 oS ure about my safety 60 39.7%
t thesi
yot put inder anesthesia I don't feel safe 14 9.3%
- fraid of thesi No 50 33.1%
o you afraid of anesthesia Yes 101 66.9%
Not waking up after anesthesia 54 35.8%
The reason for the fear toward Postoperative pain 10 6.6%
anesthesia Prolonged sleep on postoperative
. 12 7.9%
period
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Waking up in the middle of 95 16.6%
surgery
di 0 0
I'would like to meet the Anesthetist Sagree
. agree 149 98.7%
peri-op
Neither agree nor disagree 2 1.3%
) Disagree 28 18.5%
All I need to know is what my surgeon 5
tells me Agree 115 76.2%
Neither agree nor disagree 8 5.3%
) Disagree 90 59.6%
I am more nervous about anesthetic
Agree 37 24.5%
than surgery - -
Neither agree nor disagree 24 15.9%
Di 75 49.7%
Anesthetists don’t explain what is going =27 -
Agree 64 42.4%
to happen - -
Neither agree nor disagree 12 7.9%
DISCUSSION

Anesthesia is one of the key specialties that make major and advanced surgeries possible. Health awareness is on the increase
worldwide, and even Ethiopia is not an exception. Astonishingly, only slightly more than half (52.3%) of the respondents
knew about anesthetists, while 58.94% have good attitudes towards anesthesia and anesthetists.

A large proportion (86%) believed anesthetists are mainly responsible for putting patients to sleep, which aligns closely with
findings from a study conducted in Singapore (88%) [14] and this may be due to a general belief among people that
anesthesia is all about putting patients to sleep and waking them up. Only 39.7% of patients in our study recognized that
anesthetists assess whether a patient is fit for anesthesia. This gap in knowledge may be attributed to the limited interaction
patients have with anesthetists, who are often occupied in the operating theatre with little time for pre- or post-operative
communication.

We assessed several factors for their association with patients' knowledge about anesthesia and anesthetists. Educational
status (patients who can only read or write versus patients completed high school or college), and previous anesthetic
exposure were significantly associated with knowledge of anesthesia and anesthetists at p-value of <0.05, which was almost
similar finding with study done in University of Gondar [11], Debre Tabor University Referral Hospital [3] and Korle-Bu
Teaching Hospital Ghana [2]. In contrast to earlier research done in Tikur Anbessa Hospital [9] and India [15], which showed
no relationship between the previous surgical or anesthetic experience of the patient and his knowledge about anesthetist,
our research has shown a positive correlation. According to the authors of the studies mentioned above, the reason for such
a result was in the limited duration of pre-anesthetic consultations that do not allow patients to realize the presence of an
anesthetist. The relatively longer preoperative visit time of patients with anesthetists, in this study setup may contribute to
significant increase on knowledge of the patients.

The general public, particularly in low- and middle-income countries, frequently misunderstands the role of anesthesia and
is highly unaware of the responsibilities of an anesthetist within and outside the operating room. This knowledge gap is
starkly evident in our study, where a mere 6.3% of patients recognized that anesthetists monitor patients intra-operatively
under anesthesia. Furthermore, this role confusion extends to other critical perioperative tasks. Specifically, only 29.8% of
patients correctly identified anesthetists as the individuals responsible for administering blood transfusions, while 41.7% of
patients mistakenly attributed these vital responsibilities anesthetist (determining fitness for anesthesia) to surgeons.

This figure is drastically lower than the awareness levels reported internationally, such as the 80% found at Victoria
University Hospital in Ireland [16], 25% in Hong Kong [8], and 18.8% in a Korean study. [17] The limited awareness of
anesthetists observed among patients in the current study may be attributed to the relatively low educational attainment of
the study population, as nearly half of the participants had a lower level of education compared with those included in the
previously cited studies.
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CONCLUSION

This study revealed that patients have very limited knowledge and good attitudes regarding anesthesia and the role of
anesthetists. Most patients associate anesthesia solely with “putting patients to sleep,” indicating a narrow and superficial
understanding of the field. There is a significant lack of awareness about the critical and multifaceted roles anesthetists play
in ensuring safe and comprehensive healthcare delivery.

Improving public understanding of anesthesia can lead to several benefits. First, well-informed patients are less likely to
experience fear and anxiety, contributing to better surgical outcomes and greater appreciation for anesthetic services.
Second, increased recognition can enhance the job satisfaction of anesthetists. Lastly, it can help attract more students to the
profession, addressing the severe shortage of anesthetists in Ethiopia.

RECOMMENDATIONS

Pre-anesthetic counseling in hospitals needs to be improved through face-to-face consultation between each surgical patient
and an anesthetist prior to undergoing surgery. The anesthesiologists need to enhance their communications with patients
by explaining clearly the roles played by anesthetists in surgery, the methods of anesthesia employed, and the risks and
benefits involved in anesthesia. The Ministry of Health and policy makers need to promote public awareness on anesthesia
by conducting media campaigns, community awareness programs and educating the public on the importance of anesthesia
as part of national health education strategies.

ETHICAL CONSIDERATION

Before starting of data collection, a written support letter was obtained from Werabe University, Department of Anesthesia
and submitted to respective Hospital administrative offices. Before the starting of data collection, a written informed consent
was obtained, and participant information was protection by concealing identities through coding and maintaining rigorous
confidentiality protocols during data collection.

OPERATIONAL DEFINITION

Attitude: the way the participants (patients) think or understand anesthesia and anesthetists. A patient was considered as
having positive attitude if he/she answered more than half of correct behavior questions (out of 9 score points).
Knowledge: the facts known by the participants (patients) gained by experience or learning, and participants are considered
to have a good knowledge if they correctly answer half or more of the questions regarding anesthesia and anesthetists (out
of 7 score points).
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ABSTRACT

Background: Theranostics has become a key pillar of precision oncology, combining molecular
imaging and targeted radionuclide therapy for individualized cancer diagnosis, treatment
selection and response assessment. Theranostics, however, utilizes tumor-specific molecular

targets to guide tailored patient care as opposed to conventional techniques that are focused
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primarily on morphological or histological classification. Its role in neuroendocrine tumors,
prostate cancer and differentiated thyroid carcinoma has been demonstrated in clinical studies

of interest and is being explored in an increasing number of solid and hematologic malignancies.
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research, quantitative molecular imaging, tailored dosimetry and artificial intelligence and

discusses their potential for treatment optimisation as well as the limits that still prevent their
broad use. We reviewed emerging molecular targets such as fibroblast activation protein (FAP),
human epidermal growth factor receptor 2 (HER2), C-X-C chemokine receptor type 4 (CXCR4),
gastrin-releasing peptide receptor (GRPR) and delta-like ligand 3 (DLL3), together with advances
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in alpha-particle therapy, ligand engineering and next-generation radiopharmaceuticals.
Moreover, we discuss unmet obstacles such as the varied clinical evidence, the legal and
infrastructural barriers, the availability of isotopes, cost-effectiveness, and the requirement of
standardization of dosimetry and multidisciplinary integration.

Results: Theranostics has already changed the way some malignancies are treated, but for it to be

used more widely in clinics there will need to be good quality data comparing different

treatments, more access to radionuclides globally and new technology will need to be

incorporated into everyday practice. Future progress is likely to include alpha-particle therapy,
Al-guided tailored dosimetry, FAP-targeted theranostics, radiogenomics, combination
radionuclide-immunotherapy approaches, and expanded radionuclide production. This study
critically evaluates the current data and future approaches and highlights theranostics as an
emerging platform that may revolutionize customized cancer therapy.

Keywords: Theranostics; Precision oncology; Nuclear medicine; Radiopharmaceutical therapy; Molecular
imaging; Targeted radionuclide therapy; Prostate-specific membrane antigen (PSMA); Peptide receptor
radionuclide therapy (PRRT); Lutetium-177; Alpha-particle therapy; Personalized dosimetry; Artificial
intelligence; Precision medicine.

INTRODUCTION

Cancer is a prominent cause of morbidity and mortality worldwide, contributing to about 1 in 6 deaths globally and posing
a large clinical, societal and economic burden. Despite advances in molecular biology, targeted therapies, immuno-oncology
and precision medicine, treatment outcome is very diverse due to significant inter- and intratumoral heterogeneity. Standard
imaging modalities such as computed tomography (CT) and magnetic resonance imaging (MRI) mainly provide anatomical
information and often do not correspond to the molecular characteristics that drive tumor biology and treatment response.
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The same may be said for standardized systemic treatment procedures which may not sufficiently address the biological
tumor heterogeneity, underlining the necessity for approaches integrating molecular diagnosis with customized therapy.

Theranostics, the combination of molecular imaging with targeted radionuclide therapy of the same biological target, has
become an important breakthrough in precision oncology. This integrated method allows patient selection, treatment
planning and response assessment in one molecular framework and connects diagnostic findings directly with therapeutic
decision making. Thus, nuclear medicine has transformed from a largely diagnostic field to an important therapeutic
specialty with an increasing role in personalized cancer management .

An example of this is radioactive iodine in differentiated thyroid cancer, one of the first successful examples of precision
medicine. The last two decades have witnessed an enormous expansion of theranostics applications driven by breakthroughs
in radiochemistry, molecular biology, hybrid imaging (PET/CT, PET/MRI and SPECT/CT) and radionuclide manufacture.
These advances have permitted the highly sensitive imaging of tumor-specific targets and the invention of
radiopharmaceuticals that can selectively transport therapeutic radionuclides to malignant tissue, laying the technological
groundwork for current oncologic theranostics.

The best clinical data to date are from neuroendocrine tumors and metastatic prostate carcinoma. *177Lu-DOTATATE
peptide receptor radionuclide therapy (PRRT) has been established as a standard treatment for somatostatin receptor-
positive neuroendocrine tumors by the NETTER-1 trial, and "177Lu-PSMA radioligand therapy has shown significant
survival and disease-control benefits in metastatic castration-resistant prostate cancer in the VISION and TheraP trials. The
investigations have clearly established theranostics as an evidence-based therapeutic paradigm and not as an experimental
technique. However, therapeutic effectiveness has been confined to a few cancers and evidence for wider use is mostly from
early phase research. Whether the optimistic outcomes in new indications translate into comparable survival improvements
is a question that requires confirmation in suitably powered randomized trials.

The therapeutic landscape is rapidly changing with the exploration of novel molecular targets such as fibroblast activation
protein (FAP), human epidermal growth factor receptor 2 (HER2), C-X-C chemokine receptor type 4 (CXCR4), gastrin-
releasing peptide receptor (GRPR), and integrins in a variety of solid and hematologic malignancies. Parallel improvements
in alpha particle emitters, in particular $"{225}$Ac and $"{212}$Pb, offer the promise of enhanced cytotoxicity from high-
linear-energy-transfer radiation, and may help to overcome resistance to conventional beta-emitting therapies. But many of
these techniques are still exploratory, and significant questions about long-term safety, optimal patient selection, dosimetry
and comparative effectiveness still need to be answered.

Technological innovation is also transforming the practice of theranostics. Artificial intelligence, radiomics, quantitative
imaging and machine learning are increasingly employed in lesion detection, image reconstruction, tumor segmentation,
response prediction and treatment planning. Similarly, personalized dosimetry has developed as an important component
of radionuclide therapy, allowing patient-specific adjustment of given activity to maximize tumor irradiation while
minimizing damage. While these improvements may allow for increased treatment precision, the limited standardization,
varying validation across institutions, and the lack of widely approved clinical workflows impede their routine use.

The advancement has been impressive yet there are still important impediments to the mainstream use of theranostics.
Access is restricted in many healthcare systems because to limited radionuclide manufacturing capacity, complex supply
chains, regulatory variability, reimbursement issues, infrastructural needs and shortages of specialist multidisciplinary
knowledge. In addition, the cost-effectiveness of advanced theranostic approaches and their incorporation into standard
oncology pathways are not well established, particularly in low- and middle-income countries. Solving these problems will
need coordinated efforts by clinicians, researchers, regulatory bodies and industry and government.

In this state-of-the-art review, we critically appraise the progress of oncologic theranostics from its historical basis to its
contemporary function in precision oncology. We review biological rationale, key clinical data, established and emerging
molecular targets, advances in personalized dosimetry, artificial intelligence and next generation radiopharmaceuticals,
focusing on current controversies, implementation challenges and future research priorities. The review is to provide a
balanced perspective on the benefits and limitations of theranostics, incorporating established knowledge and developing
data as the field continues to revolutionize customized cancer therapy.
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Figure 1. The Theranostic Paradigm in Precision Oncology
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METHODS

Literature Searching Strategy

A complete literature search was undertaken using PubMed/MEDLINE, Embase, Scopus, Web of Science and Google Scholar
to discover related papers on oncologic theranostics. The main search includes papers from January 2015 to December 2026,
with crucial earlier works included to offer historical background. Search terms included a combination of Medical Subject
Headings (MeSH) and free-text keywords, including theranostics, molecular imaging, radiopharmaceutical therapy,
PET/CT, PET/MRI, SPECT/CT, PSMA, somatostatin receptor, PRRT, lutetium-177, actinium-225, fibroblast activation protein
(FAP), CXCR4, HER?, radiomics, artificial intelligence, and personalized dosimetry. Boolean operators were used to enhance
retrieval and reference lists of key publications, international recommendations and consensus statements were hand-
searched for further relevant studies.

Selection and Synthesis of Evidence

This article is a narrative review; formal systematic review techniques and meta-analysis were not conducted. Evidence was
selected according to methodological quality, clinical relevance, scientific impact and contribution to the field, with priority
given to randomised controlled trials, multicentre studies, pivotal phase II/III trials, international guidelines, consensus
statements and high-quality reviews. Conflicting evidence was critically appraised based on study design, methodological
constraints and sources of heterogeneity rather than stated outcomes.

The literature was thematically synthesized on the biological basis of theranostics, established and emerging clinical
applications, landmark trials, novel molecular targets, personalized dosimetry, artificial intelligence, radiopharmaceutical
innovations, implementation challenges and future directions. Special attention was given to evidence impacting
recommendations from organizations such as SNMMI, EANM, NCCN and ESMO while emphasizing knowledge gaps and
areas needing more inquiry.

Methodology Limitations

Given the narrative nature of this review, no formal risk-of-bias assessment was performed, nor were studies scored for
quality, nor data quantitatively synthesized. We made every attempt to include the most influential and methodologically
solid research, although expert judgment inevitably enters study selection and interpretation. Thus, the findings should be
interpreted in light of the evolving evidence base, especially in areas of rapid development where high-quality comparative
and long-term clinical data are lacking.
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BIOLOGICAL FOUNDATION OF THERANOSTICS

Theranostics is based on the combination of molecular imaging and targeted radionuclide therapy with a common biological
target. Unlike conventional oncology where patient selection is performed on the basis of morphological or histological
classification, theranostics utilizes tumor-specific genetic changes to select patients, give treatment and measure response in
a single framework of precision medicine.

The malignant transformation leads to the modification of gene expression, receptor density, metabolism and tumor
microenvironment, therefore generating molecular targets that are selectively expressed in cancer cells. These targets are
exploited by radiolabeled ligands for diagnostic imaging and therapeutic radionuclide administration, allowing for non-
invasive confirmation of target expression prior to therapy . This technique improves patient selection, lowers needless
toxicity and increases therapeutic precision. However, expression of the target alone is not enough to predict therapeutic
effect, as tumor heterogeneity, receptor dynamics and radiopharmaceutical pharmacokinetics also play a role in treatment
success.

Successful theranostic targets have high expression in tumor versus background, are biologically stable, and have good
ligand accessibility. Examples that have been clinically validated include prostate-specific membrane antigen (PSMA) in
prostate cancer and somatostatin receptor subtype 2 (S55TR2) in neuroendocrine tumors. Besides receptor expression, ligand
properties, including binding affinity, internalization, intracellular retention and metabolic stability, are key drivers of
therapeutic efficacy and constitute major areas of study of radiopharmaceuticals.

The biological response is also influenced by the radionuclide chosen. $-emitting isotopes like *177Lu and "90Y generate a
cross-fire effect, which is beneficial for heterogeneous or bulky tumors. a-emitters like *225Ac and *212Pb emit high-linear-
energy-transfer radiation over a short distance, resulting in dense DNA double-strand breaks with minimal collateral
damage. Alpha-particle therapy has demonstrated promise in resistant malignancies; however, long-term safety, optimal
dosimetry and comparative clinical benefit of alpha-particle therapy are still under investigation, emphasizing the need for
prospective randomized studies. Therapeutic efficacy beyond direct DNA damage. Radionuclide therapy also causes
apoptosis, vascular damage, senescence, and immunogenic cell death, which provides a biological foundation for combining
theranostics with immune checkpoint inhibitors and other systemic medicines . However, the clinical evidence for these
combinations is in its infancy, and optimal sequencing and patient selection procedures have yet to be determined.

One of the main advantages of theranostics is the characterization of whole-body tumor heterogeneity . Unlike single-site
biopsies, molecular imaging assesses target expression across all lesions, which facilitates better treatment selection,
prognostication, and tracking of treatment response. Quantitative imaging biomarkers, including standardized uptake value
(SUV), metabolic tumor volume (MTV) and radiomics characteristics combined with artificial intelligence may further refine
patient categorization. However, the main barriers to clinical use are the heterogeneity of acquisition techniques, minimal
external validation, and the lack of standardized analysis pipelines.

While significant advances have been made, some biological difficulties remain such as temporal variations in receptor
expression, acquired resistance, heterogeneous biodistribution of radiopharmaceuticals, and complicated tumor and
immune microenvironment interactions. Bridging these knowledge gaps through the integration of molecular biology,
radiobiology, computational science, and translational research will be critical for the development of next generation
theranostic methods and the expansion of their therapeutic impact.

CURRENT CLINICAL APPLICATIONS OF THERANOSTICS

Neuroendocrine Tumors

The most mature and well recognized use of oncologic theranostics is the treatment of neuroendocrine tumors (NETs). Most
well-differentiated gastroenteropancreatic NETs over-express the somatostatin receptor subtype 2 (SSTR2), which allows
sensitive molecular imaging with *68Ga-DOTATATE, "68Ga-DOTATOC, or "64Cu-DOTATATE PET/CT and the selection
of patients for peptide receptor radionuclide therapy (PRRT). This imaging-guided method is an example of precision
oncology, as it confirms that the target is expressed before treatment.
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The therapeutic counterpart, *177Lu-DOTATATE PRRT, selectively delivers (-radiation to SSTR-positive tumor cells after
receptor-mediated internalization. Compared to older "90Y-based therapies, ~177Lu offers a better efficacy-to-toxicity ratio,
with better dosimetric properties and lower renal toxicity.

The landmark NETTER-1 experiment showed that #177Lu-DOTATATE is the standard of therapy for progressive, SSTR-
positive midgut NETs with significant benefits in progression-free survival, objective response rates, and quality of life
compared to high-dose octreotide. Long-term follow-up showed lasting disease management and an acceptable safety
profile, leading to regulatory approval and inclusion in international standards. Subsequent observational studies have
supported its treatment in pancreatic and bronchial NETs, while high-quality randomized evidence beyond midgut tumors
is rare.

Patient selection is still critical and depends on appropriate receptor expression on PET/CT, assessment of tumor
differentiation, renal function, bone marrow reserve and performance status. PRRT is well tolerated and transient
hematopoietic toxicity is the most prevalent side event, whereas severe nephrotoxicity has become uncommon with modern
amino acid renal protection. Rare long-term problems such as myelodysplastic syndrome and acute leukemia require
continuous surveillance, particularly after repeated treatment cycles.

It has a well-established role, but still a number of unanswered questions. Further research is required to determine the best
sequencing of PRRT with systemic therapy, the benefit of customized dosimetry compared to fixed dosage regimens,
retreatment techniques and the impact of combination regimens. Innovative techniques, e.g. the use of alpha-emitting
radionuclides, may improve results in resistant disease, although there is yet no convincing randomized data. Thus, NETs
remain the gold standard for successful theranostics, but further improvement of treatment techniques is necessary to
optimize long-term efficacy and safety.

Prostate Cancer

Oncologic theranostics has become the most rapidly developing application in prostate cancer, with the success of prostate-
specific membrane antigen (PSMA)-targeted imaging and radioligand therapy. PSMA is overexpressed in advanced,
metastatic and castration-resistant prostate cancer and its receptor-mediated internalization permits longer intracellular
retention of radiolabeled ligands, making it a suitable target for diagnostics and therapy.

The advent of PSMA PET/CT with either "68Ga-PSMA-11 or "“18F-DCFPyL has revolutionized disease staging and
recurrence detection with metastatic lesions detected with significantly higher sensitivity than conventional imaging. PSMA
PET also acts as a predictive biomarker beyond diagnosis by validating target expression and selecting patients most likely
to benefit from PSMA-directed radioligand therapy, which reflects the theranostic principle of imaging-guided treatment
selection.

The therapeutic equivalent, 177Lu-PSMA-617, delivers -radiation specifically to PSMA-expressing tumor cells with limited
exposure of the surrounding tissue. The landmark VISION trial demonstrated significant improvements in overall survival,
radiographic progression-free survival, prostate-specific antigen response, and quality of life in metastatic castration-
resistant prostate cancer (mCRPC) patients, establishing *177Lu-PSMA-617 as a standard of care after androgen receptor
pathway inhibition and taxane chemotherapy . The TheraP trial also revealed improved PSA responses and a better toxicity
profile compared to cabazitaxel and the PSMAfore study points to the advantage of initiating radioligand therapy earlier in
the disease phase. Together, these data support an increasing importance of PSMA-targeted therapy in the therapeutic
continuum.

But despite these gains, some limits remain. Tumor heterogeneity and variable PSMA expression, particularly in tumors
with neuroendocrine differentiation or PSMA-negative metastatic clones, can adversely affect therapeutic efficacy . Dual-
tracer imaging using FDG PET may reveal biologically aggressive PSMA-negative illness that is likely to be refractory to
radioligand therapy. Poorly understood resistance mechanisms such as downregulation of PSMA expression, altered
receptor trafficking, increased DNA repair, and clonal evolution are active areas of inquiry.

Overall, "177Lu-PSMA therapy is generally well tolerated with xerostomia and mild to severe hematological toxicity being
the most prevalent adverse events, and clinically relevant nephrotoxicity is rare. Alpha-emitting radioligands like "225Ac-
PSMA show promise in *177Lu-refractory patients, but their use is limited by availability of radionuclides, salivary gland
toxicity, and the absence of long-term prospective data. Finally, while PSMA-targeted theranostics have transformed the
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management of advanced prostate cancer, there remain critical unanswered questions about ideal sequencing, combination
with systemic therapies, personalized dosimetry, cost-effectiveness, and long-term outcomes. Addressing these difficulties
in randomized trials will be critical to maximize therapeutic benefit and permit application to earlier stages of disease.

Differentiated Thyroid Cancer

Differentiated thyroid cancer (DTC) is the prototype and most durable example of oncologic theranostics. Prior to the era of
precision oncology, radioactive iodine provided a compelling example of a single molecular target for disease localization
as well as treatment. This NIS-based paradigm set the stage for the principles of molecular target validation, imaging-guided
patient selection, and targeted radionuclide therapy that are the foundation of modern theranostics.

The maintenance of NIS expression in well-differentiated papillary and follicular thyroid carcinomas allows for the selective
uptake of radioactive iodine, which can be exploited for diagnostic imaging, remnant ablation, adjuvant therapy, and
treatment of metastatic disease. Radioiodine therapy is a mainstay of management and, for appropriately selected patients,
provides the opportunity for long-term follow-up using serum thyroglobulin.

Therapeutic efficacy is highly dependent on tumor differentiation. Well-differentiated tumors are often sensitive to
radioiodine, whereas dedifferentiation is linked to the loss of NIS expression and the development of radioiodine-refractory
differentiated thyroid carcinoma (RAIR-DTC). Recent breakthroughs in redifferentiation therapy with BRAF and MEK
inhibitors have proven the potential to reinduce radioiodine absorption in selected individuals, opening new therapeutic
perspectives. But clinical experience is still limited, and durable long-term benefit has still to be demonstrated. ~*18F-FDG
PET/CT complements radioiodine imaging in advanced disease via the well-recognized 'flip-flop’ phenomenon, whereby
radioiodine-negative tumors frequently show increased glucose metabolism. FDG PET is thus particularly useful in patients
with elevated thyroglobulin levels and negative radioiodine scans by providing prognostic information and identifying
patients unlikely to benefit from further radioiodine therapy.

While radioiodine therapy has a good long-term safety profile, high cumulative dose treatment may lead to salivary gland
dysfunction, xerostomia, lacrimal damage, acute bone marrow suppression and, infrequently, subsequent cancers. As a
result, current ATA, ETA, and NCCN guidelines recommend a risk-adapted approach to radioiodine, selectively treating
patients who are most likely to benefit clinically and sparing those with low-risk disease from unnecessary treatment.

Despite decades of clinical success, there are still various hurdles such as optimum patient selection, personalized dosimetry,
RAIR-DTC management and integration with targeted medicines. Moreover, although radioiodine continues to be the
paradigm for successful theranostics, extending radionuclide therapy beyond NIS-dependent disease would necessitate
validation of other molecular targets and high-quality prospective investigations. Thus, thyroid cancer remains not only the
historical basis of theranostics but also a platform for the development of next-generation precision radionuclide therapies.

Bone Metastases

Bone-targeted radionuclide therapy is a unique application of theranostics that exploits the biology of osteoblastic activity
rather than tumor-specific receptors. It is mostly utilized in patients with advanced malignancies, notably prostate cancer,
in whom diffuse skeletal metastases cause discomfort, pathological fractures, spinal cord compression and reduced quality
of life. Bone-seeking radiopharmaceuticals preferentially localize to sites of active bone remodeling, thus enabling focal
irradiation of numerous metastatic lesions with limited exposure to the surrounding tissues.

Early -emitting drugs like *89Sr and *153Sm-EDTMP were beneficial for palliation of pain but did not increase overall
survival and resulted in substantial myelosuppression, thereby restricting their long-term clinical utility. A notable
breakthrough was the development of the a-emitter *223Ra-dichloride, which delivers high-linear-energy-transfer radiation
with a relatively short tissue range, resulting in strong tumor cell death with minimal bone marrow toxicity.

The major ALSYMPCA study has demonstrated #223Ra to be a standard of care in patients with symptomatic, bone-
predominant metastatic castration-resistant prostate cancer (mCRPC) without visceral metastases. Treatment significantly
increased overall survival, delayed symptomatic skeletal events and improved quality of life. Radionuclide therapy can offer
both symptomatic alleviation and survival advantage. Therefore, international guidelines recommend "223Ra in selected
patients after multidisciplinary evaluation.
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Despite clinical value, there are considerable restrictions. The ERA-223 trial demonstrated increased fracture risk when
A223Ra was coupled with abiraterone and prednisolone without concomitant bone-protective treatment, resulting to
modifications in clinical practice and routine use of bisphosphonates or denosumab in suitable patients. Evidence for bone-
seeking radionuclides beyond metastatic prostate cancer, however, remains limited, and no comparable survival benefit has
been found in breast cancer or other solid tumors. Further research are needed to define appropriate treatment sequencing,
combination techniques, personalized dosimetry, and patient selection. New radiopharmaceuticals that target both the bone
microenvironment and tumor-specific biomarkers may improve treatment accuracy further, although their clinical value is
experimental.

Breast Cancer

With advances in molecular imaging and radiopharmaceutical development, breast cancer has become an emerging
theranostic area. “18F-FDG PET/CT is still the standard for staging and response assessment but does not give target-specific
information for radionuclide therapy. Thus, theranostic research has selected actionable molecular targets that enable the
whole-body assessment of tumor biology and targeted treatment.

Human epidermal growth factor receptor 2 (HER?2) is the most studied target and is overexpressed in ~15-20% of breast
tumors . Radiotracers such as *89Zr-trastuzumab and "64Cu-labeled trastuzumab derivatives offer non-invasive evaluation
of HER2 expression in primary and metastatic lesions, bypassing the constraints of a single site biopsy, and allow for
detection of spatial or temporal receptor heterogeneity. These imaging methods can potentially improve patient selection
for HER2-directed therapy and provide complementary information to standard immunohistochemistry.

Another interesting target is fibroblast activation protein (FAP) produced by cancer-associated fibroblasts in the tumor
microenvironment. In early trials, FAPI PET showed promising diagnostic performance and a strong tumor-to-background
contrast, while FAP-targeted radioligand treatment offers a new approach by targeting the tumor stroma instead of directly
targeting malignant cells. Additional investigational targets including GRPR, estrogen receptor (ER), CXCR4, PD-L1 and
integrins further emphasize the biological heterogeneity of breast cancer and opportunities for receptor-specific imaging
and therapy.

Despite these breakthroughs, breast cancer theranostics are still primarily experimental. Patient selection is difficult due to
heterogeneous receptor expression across molecular subtypes, metastatic locales and treatment stages, and the sluggish
pharmacokinetics of antibody-based tracers may limit clinical usefulness. Additionally, therapeutic radioligands have only
shown early-phase study activity and their relevance compared to existing HER2-targeted therapies, such as monoclonal
antibodies and antibody-drug conjugates, has not been established.

Progress will depend on prospective multicenter trials showing considerable gains in survival, quality of life, and cost-
effectiveness. Additional advances in patient selection can be obtained through standardized imaging methods,
optimization of ligand design, tailored dosimetry, and integration with artificial intelligence and genomic analysis. Breast
cancer, while not yet as clinically mature as NETs or prostate cancer, is one of the most potential areas for expansion of
theranostic uses outside the conventional receptor-driven malignancies.

Lung Cancer

Lung cancer is the biggest cause of cancer-related death globally, with significant genetic and clinical variability. The
management of non-small cell lung cancer (NSCLC) has been altered by precision oncology, with genomic profiling and
tailored medications, however theranostic applications are still in early research. Lung cancer, unlike prostate cancer or
neuroendocrine tumors, lacks a molecular target that is universally expressed, requiring subtype-specific methods.

Emerging targets, such as fibroblast activation protein (FAP), have received much attention due to their high expression in
cancer-associated fibroblasts in the tumor microenvironment. FAPI PET shows fast tumor uptake and high tumor-to-
background contrast. Preliminary investigations indicate enhanced detection of primary and metastatic lesions in selected
patients with respect to conventional “18F-FDG PET. Therapeutically, FAP-targeted radioligands give the ability to target
the tumour stroma rather than malignant cells alone, however clinical efficacy has to be demonstrated.

Another intriguing target is delta-like ligand 3 (DLL3) which is strongly expressed in most small cell lung cancers (SCLC)
but weakly expressed in normal tissues. DLL3-directed radiopharmaceuticals have generated promising preclinical and
early clinical data . Other investigational targets being evaluated for receptor-specific imaging and radionuclide therapy
include CXCR4, mesothelin, integrin av[33, and GRPR. These strategies combined reflect the biological diversity of lung
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cancer and highlight the need for future theranostic strategies to be built on individualized molecular profiling rather than
a one-size-fits-all platform.

Notwithstanding these developments, ~18F-FDG PET/CT persists as the clinical standard for staging, therapy planning and
response assessment. However, FDG represents tumor metabolism and not actionable molecular targets and cannot be used
to directly guide radionuclide therapy. The shift from metabolic to receptor-specific imaging represents a major milestone
in the development of clinically effective lung cancer theranostics.

Most of the existing evidence is derived from preclinical and early clinical investigations. Challenges for patient selection
and therapeutic development include tumor heterogeneity, dynamic target expression, rapid disease progression, and lack
of validated predictive biomarkers. Large prospective trials are therefore needed to prove the safety, efficacy and cost-
effectiveness of developing radiopharmaceuticals and to define their function alongside surgery, radiation, targeted
treatments and immunotherapy. Lung cancer offers an exciting opportunity for theranostics, but the effective translation
into ordinary clinical practice will depend on the identification of solid molecular targets and high-quality clinical evidence.

Glioblastoma and Other Central Nervous System Tumors

Glioblastoma (GBM) and other high grade central nervous system (CNS) tumors continue to be some of the most difficult
cancers to treat because of extensive infiltration, substantial intratumoral heterogeneity, treatment resistance, and the blood-
brain barrier (BBB) limiting drug delivery. GBM does not have a uniformly expressed molecular target like those found in
neuroendocrine tumors or prostate cancer, rendering theranostic development mostly exploratory and reliant on customized
molecular profiling.

Most notably, CXCR4, which is involved in tumor growth, angiogenesis and glioma stem cell maintenance, is one of several
targets under intensive investigation. First results with CXCR4-directed PET tracers and therapeutic radioligands have been
promising in preclinical and early clinical research . Other intriguing targets include fibroblast activation protein (FAP),
integrin av[33, epidermal growth factor receptor (EGFR) variations, interleukin-13 receptor a2 (IL13Ra2), and neurokinin-1
receptor, although none of these have yet showed significant clinical evidence for widespread use.

In neuro-oncology, molecular imaging already complements conventional MRI. Amino acid PET tracers as ~18F-FET, "11C-
methionine (MET) and *"18F-FDOPA improve tumor characterisation and can aid to differentiate recurrence from treatment-
related alterations. While these tracers are not, per se, theranostic, they highlight the utility of functional imaging in biopsy
guidance, treatment planning and response assessment, and lay the groundwork for future receptor-specific imaging.

Efficient distribution across the BBB is a fundamental hurdle to radiation therapy. Convection-enhanced delivery, focused
ultrasound-mediated BBB breakdown, nanoparticle-based devices and smaller targeting ligands are some of the efforts to
boost intracranial medication penetration. Radionuclide therapy is also being studied in combination with radiation,
temozolomide, antiangiogenic drugs and immunotherapy, to exploit complimentary biological pathways.

Although experimental breakthroughs are promising, clinical translation is still restricted. Most data are based on preclinical
studies or modest early phase research, and few randomised studies have shown a survival benefit. Tumor heterogeneity,
target variability, barriers to transport across the BBB, and resistance mechanisms still pose obstacles to widespread clinical
application. Future advances will rely on the identification of robust molecular targets, enhanced transport of drugs into the
brain and confirmation of these strategies in well-designed, prospective clinical trials. Glioblastoma is one of the most
challenging diseases to cure, but also one of the most exciting opportunities for next generation theranostic innovation.

Hematologic Malignancies

Hematologic malignancies constitute an exciting yet comparatively under-investigated field of oncologic theranostics.
Unlike solid tumors, many lymphoid and plasma cell neoplasms display homogeneously lineage-specific surface antigens
and are readily accessible to circulating radiopharmaceuticals, making them excellent candidates for targeted radionuclide
therapy. Nevertheless, the clinical uptake has been slower than that of neuroendocrine tumors and prostate cancer, despite
good scientific explanation, because of the rapid breakthroughs in immunotherapy and cellular therapies.

CD20-directed radioimmunotherapy with 90Y-ibritumomab tiuxetan and 131I-tositumomab was the first clinical success in
B-cell non-Hodgkin lymphoma (NHL). These agents combined specificity of monoclonal antibodies with targeted delivery
of radiation and produced durable responses in selected patients with relapsed or refractory indolent lymphoma. However,
their use declined because of logistical complexity, prolonged myelosuppression, reimbursement issues, and competition
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from highly effective rituximab-based regimens and CAR T-cell therapies. Although these medications are not widely used
now, they demonstrated the notion of targeted radionuclide therapy in hematologic malignancies.

In addition to lymphoma, CXCR4 has emerged as a promising theranostic target in multiple myeloma, where it is involved
in plasma cell homing, disease progression, and treatment resistance. Non-invasive receptor profiling can be achieved with
PET imaging using CXCR4-directed tracers and initial clinical investigations with therapeutic radioligands showed
promising activity in strongly pretreated patients. BCMA (B-cell maturation antigen), already established as a target for CAR
T-cell and antibody-drug combination treatments, is also being explored for radiological imaging and treatment. Other
targets including CD37, CD38, CD45 and CD123 are also under intense examination in preclinical and early clinical studies.

Despite these gains, there are a number of difficulties that impede routine adoption. Bone marrow irradiation remains the
primary dose-limiting hazard and requires cautious patient selection, tailored dosimetry, and thorough hematology
monitoring. Clinical experience is limited, however, a-emitting radionuclides may improve the therapeutic index by
delivering highly localized radiation. Randomized comparative data are also lacking for most investigational
radiopharmaceuticals and their appropriate integration with the constantly emerging immunotherapies yet to be
determined.

Future advancement will require prospective multicenter trials, uniform dosimetry, and sensible combinatorial approaches
with immunotherapy and cellular treatments. Although hematologic theranostics have not reached the same clinical
maturity as NETs or prostate cancer, the availability of highly selective molecular targets and the continuing progress in
radiopharmaceutical engineering position this as one of the most exciting frontiers for precision radionuclide therapy.

CLINICAL EVIDENCE SUPPORTING CONTEMPORARY THERANOSTICS

The growing amount of high-quality clinical evidence demonstrating that molecular imaging-guided radionuclide therapy
improves clinically meaningful outcomes in selected cancers has driven the integration of theranostics into modern
oncology. In the last 10 years, important, randomized trials have shown that theranostics is an evidence-based therapy
method that can lengthen survival, slow disease progression, improve symptom control and quality of life. These
investigations are characterized by the use of molecular imaging as a predictive biomarker to limit treatment to patients
with sufficient target expression, optimizing therapeutic efficacy and avoiding needless harm.

The strongest evidence is in neuroendocrine tumors and metastatic prostate cancers. The NETTER-1 trial demonstrated
~77Lu-DOTATATE as the standard of care for progressing somatostatin receptor-positive neuroendocrine tumors, with
significant increases in progression-free survival, objective response and quality of life. Similarly, the phase III VISION trial
demonstrated significant overall and radiographic progression-free survival benefits with ~177Lu-PSMA-617 in metastatic
castration-resistant prostate cancer, whereas the TheraP trial showed a better biochemical response as well as a more
favorable toxicity profile compared with cabazitaxel. More recently, the PSMAfore study has supported early use of PSMA-
targeted therapy, demonstrating that radioligand treatment may be most successful before the development of advanced
treatment resistance.

Alpha-particle treatment also has increasing evidence. The ALSYMPCA study showed that in patients with symptomatic
bone-predominant metastatic castration-resistant prostate cancer, *223Ra-dichloride increased overall survival, delayed
skeletal-related events and improved quality of life. Importantly, this study extended the scope of theranostics by
demonstrating that radionuclide therapy can target the tumor microenvironment in addition to tumor-specific receptors.
Together these trials have established some key principles of modern theranostics such as (1) molecular target validation
before therapy as a prerequisite for patient selection, (2) clinically meaningful benefits beyond imaging responses to include
survival, symptom control and patient reported outcomes, and (3) radionuclide therapy shows an acceptable safety profile
when administered in experienced multidisciplinary teams . Therefore, theranostic approaches are currently recommended
for specific malignancies by worldwide organizations such as SNMMI, EANM, NCCN, and ESMO.

But these developments leave major gaps in evidence. Most randomized trials have been in advanced disease, and it remains
unclear whether the ideal timing of radionuclide therapy is in earlier treatment settings. In general, trial participants have
been highly selected, which may limit generalizability to ordinary practice. Furthermore, there is a lack of direct comparisons
between competing radiopharmaceuticals, defined dosimetry techniques, verified response criteria, long-term safety data,
and thorough cost-effectiveness evaluations. Many of these constraints are anticipated to be addressed by ongoing research

CC-BY 4.0 Licensed
P a ge The Operating Room Global Journal



The Operating Room Global Journal (TORG]J) Volume 2 Issue 3 September 2026

examining alpha-particle treatment, novel molecular targets, individualized dosimetry, and combination tactics with
immunotherapy and targeted medicines.

In conclusion, the current data base clearly supports theranostics as a key component of precision oncology in selected
tumors but also highlights the need for further refinement through prospective head-to-head trials and wider validation in
the real-world setting. Future advancement will depend on not only expanding therapeutic indications, but also on
optimizing patient selection, treatment sequencing and personalized treatment delivery.

Personalized Dosimetry: The Foundation of Precision Radionuclide Therapy

Personalized dosimetry is essential in precision radionuclide therapy, taking into account the large interpatient variations
in radiopharmaceutical biodistribution, tumor absorption, organ function, and radiation sensitivity. Although molecular
imaging allows for proper patient selection, most licensed radionuclide therapies are provided at set activities, despite a
large variability in received radiation doses between patients. Therefore, the same treatment regimens may have different
therapeutic effectiveness and toxicity, indicating the necessity of personalized treatment strategies.

Dosimetry is the calculation of radiation absorbed by tumours and normal tissues, based on quantitative imaging,
pharmacokinetic modelling and computer techniques. PET/CT and SPECT/CT have enhanced the patient-specific
assessment of radiopharmaceutical distribution. Voxel-based dosimetry enables three-dimensional characterization of dose
heterogeneity within tumors. The accuracy of dose prediction and treatment planning has also increased with the advent of
computational methods such as the Medical Internal Radiation Dose (MIRD) formalism and Monte Carlo simulations.
There is emerging clinical evidence for dosimetry-guided therapy. Large variety of tumor and organ absorbed doses was
observed in studies on *177Lu-DOTATATE peptide receptor radionuclide therapy (PRRT) and *177Lu-PSMA radioligand
therapy, even with the same given activity. Individualized dosimetry can improve the therapeutic index by enhancing tumor
irradiation, while minimizing exposure to dose limiting organs such as the kidneys, salivary glands, liver and bone marrow.
Early studies also indicate relationships between the amount of tumor radiation absorbed and responsiveness to treatment,
however globally agreed dosage thresholds have yet to be developed.

Bone marrow dosimetry is particularly hard due to complicated marrow structure, fluctuating tumor infiltration and
imaging restrictions. Moreover, routine use of individualized dosimetry is inhibited by the necessity of several imaging time
points, specialized software, trained personnel, and the absence of established protocols among institutions. Such efforts,
like those made by EANM, SNMMI and the MIRD Committee to harmonize are therefore crucial to promote wider clinical
implementation.

Artificial intelligence is projected to accelerate clinical deployment by automating organ segmentation, lesion delineation,
kinetic modeling, and dose calculation while integrating imaging with clinical and genetic data to predict therapeutic
response and toxicity. Most Al-based dosimetry systems, however, are still exploratory and need prospective validation
before they can be used routinely. Similarly, while dosimetry driven therapy is biologically attractive, few definitive
randomized trials have shown improved survival or lower toxicity compared to fixed activity regimens. Future studies
should therefore focus on standardized techniques, clinically verified dose thresholds and prospective outcome-driven trials
to establish individualized dosimetry as the standard of care in radionuclide therapy.

Artificial Intelligence and Digital Transformation: Redefining the Theranostic Ecosystem

The integration of complicated imaging, molecular, clinical, and dosimetric data into precision treatment regimens is fast
revolutionizing theranostics by artificial intelligence (AI). Modern radionuclide therapy is increasingly multimodal
information-driven, integrating quantitative PET/SPECT imaging, anatomical imaging, laboratory biomarkers, genomic
profiling, and treatment history, which presents analytical hurdles beyond typical statistical approaches. Thus, Al has
emerged as a crucial facilitator of data-driven precision oncology, supporting decision-making across the theranostic route
from diagnosis and patient selection to treatment planning, response assessment and longitudinal follow-up.

One of the earliest therapeutic uses of Al has been in the reconstruction and interpretation of images. Deep learning methods
increase picture quality, reduce noise, cut acquisition times and permit lower radiotracer dosages while maintaining
diagnostic accuracy. Al also permits automated lesion recognition, segmentation, and assessment of tumor burden, lowering
observer variability and enhancing workflow efficiency. When used in conjunction with radiomics, machine learning has
the ability to extract quantitative imaging aspects that correlate with tumor phenotype, receptor expression, treatment
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response and prognosis, hence providing a potential for more sophisticated patient classification than traditional image
interpretation alone.

The use of Al is also predicted to be important in individualized radionuclide therapy. Automated organ segmentation,
voxel-based dosimetry and kinetic modeling can greatly simplify the calculation of individualized dose, and predictive
algorithms incorporating imaging, genomic and clinical data may improve the prediction of treatment response and
treatment-related toxicity. These improvements provide the prospect of adaptive radionuclide therapy where the delivered
activity is tailored based on individual patient characteristics and treatment response.

In addition to imaging, Al also contributes to the developing discipline of radiogenomics, which links imaging phenotypes
with genomic and molecular traits to enable non-invasive evaluation of tumor biology. Integration of imaging with
transcriptomic, proteomic and circulating biomarker data may further enhance patient selection and allow for longitudinal
monitoring without recurrent tissue biopsies. These multimodal data streams could in the future be used to build digital
twin models to mimic the evolution of disease and predict personalized treatment outcomes, although such applications
remain primarily experimental.

Despite much promise, widespread clinical implementation is restricted. Most Al models have been trained on retrospective,
single-center datasets and typically lack external validation across varied populations and imaging platforms. Other issues
include diversity in acquisition techniques, poor model interpretability, regulatory ambiguity, data privacy, and potential
for algorithmic bias. Al should be considered a clinical decision-support tool, not an independent decision-maker, and
medical monitoring is relevant at this time.

Future advancement will require prospective multicenter validation, uniform reporting templates, transparent and
explainable algorithms, and incorporation into routine clinical operations. Al has the potential to improve the accuracy,
efficiency and personalization of theranostics, but its ultimate therapeutic usefulness will depend on demonstrating real
gains in patient outcomes, not just computational performance.

Figure 2. The Evolving Theranostic Ecosystem
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Emerging Molecular Targets and Next-Generation Radiopharmaceuticals: Expanding the Horizons of Precision
Oncology

The clinical success of somatostatin receptor (SSTR)- and prostate-specific membrane antigen (PSMA)-directed theranostics
has encouraged the exploration of other molecular targets to broaden the application of radionuclide therapy to a broader
spectrum of cancers. An ideal theranostic target should exhibit excellent tumor selectivity, low expression in normal tissues,
favorable pharmacokinetics and repeatable radiopharmaceutical labeling. However, the rapid progress in molecular
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biology, radiochemistry and translational oncology has hastened the creation of several interesting targets, although most
are still in early clinical investigation.

One of the most promising of these has been fibroblast activation protein (FAP). FAP is largely expressed by cancer-
associated fibroblasts of the tumor microenvironment (TME) and is strongly expressed in many epithelial malignancies,
unlike the common targets expressed on tumor cells. First investigations show promising tumor-to-background contrast
with FAPI PET and therapeutic radioligands with *177Lu, ~90Y and "225Ac are tested in the clinic. Targeting the tumor
stroma in addition to malignant cells may overcome limitations related to tumor heterogeneity, although durable clinical
benefit has not been established yet.

Other key targets for study are HER2, CXCR4 and gastrin-releasing peptide receptor (GRPR). Radiolabeled HER2-directed
antibodies, affibodies and nanobodies provide whole-body characterization of receptor heterogeneity and may augment
current HER2-targeted therapy in resistant disease. CXCR4-directed imaging and therapy have shown promise in
hematologic malignancies. GRPR-directed radiopharmaceuticals may offer an alternative or complementary approach in
prostate and breast cancers, particularly in tumors with heterogeneous PSMA expression. Other targets such as integrin
av[33, carbonic anhydrase IX (CAIX), mesothelin, DLL3 and neurotensin receptor are in preclinical and early phase clinical
research.

Progress in radiopharmaceutical engineering is keeping pace with this and opening up therapeutic opportunities. Novel
ligand platforms such nanobodies, affibodies, antibody fragments, cyclic peptides, aptamers and small-molecule inhibitors
can offer better tumor penetration, faster blood clearance and lower background activity than conventional monoclonal
antibodies. Simultaneously, the focus is turning not just beyond *177Lu to a-emitting radionuclides such as *225Ac, ~212Pb
and "213Bi but also towards new (-emitters such as *161Tb, permitting the selection of the isotope according to tumor
biology and lesion features. Bispecific radiopharmaceuticals and multifunctional nanotheranostic platforms further try to
address tumor heterogeneity by simultaneously targeting various biological pathways.

The rapid progress does not easily translate into routine clinical practice. Most novel radiopharmaceuticals are mainly
supported by preclinical or early phase clinical studies with little randomized evidence for superiority over conventional
medicines. Moreover, successful clinical translation requires not only target specificity, but also favourable
pharmacokinetics, scalable production of radionuclides, standardised manufacturing, regulatory approval and cost-
effectivity. Variability in target expression between tumor types and during disease evolution thus increases the usefulness
of molecular imaging for patient selection.

Future advances will probably combine new molecular targets with alpha-particle therapy, personalized dosimetry, artificial
intelligence-assisted ligand design, and radiogenomics. However, the ultimate success of next generation theranostics will
depend on establishing compelling comparative clinical evidence indicating major gains in survival, quality of life and
healthcare value rather than technological innovation alone.

Table 1. Established and Emerging Theranostic Targets in Oncology
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Alpha-Particle Therapy: Redefining the Therapeutic Index of Radionuclide Therapy

Alpha-particle treatment is one of the most promising recent advancements in radionuclide therapy and has the ability to
overcome the limitations of conventional %$\ beta$%-emitters radiopharmaceuticals. Unlike 3-particles, alpha particles have
high LET and a very narrow range in tissue (<100 um) to produce dense, irreversible DNA double strand breaks while
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sparing surrounding normal tissues from irradiation. These features make alpha emitters particularly appealing for the
treatment of micrometastatic illness, heterogeneous malignancies and tumors resistant to traditional radionuclide therapy.
Of the radionuclides now under investigation, 225 Ac has been shown to have the most clinical interest. Early experiences
with "225Ac-PSMA have demonstrated encouraging biochemical and imaging responses in patients with metastatic
castration-resistant prostate cancer, including those with progression after ~177Lu-PSMA therapy, indicating that alpha
therapy may overcome resistance to $-emitting radioligands. Other experimental alpha emitters include *212Pb, ~213Bi,
"211At and "227Th are under evaluation in a spectrum of solid and hematologic cancers, targeting targets such as
somatostatin receptors, HER2, FAP, CXCR4, CD33 and mesothelin.

Notwithstanding these favorable results, many problems impede widespread clinical acceptance. Xerostomia is the major
dose-limiting hazard of *225Ac-PSMA, reflecting physiological PSMA expression in salivary glands, and efficient gland-
protective measures are still to be found. Other challenges are the restricted production of radionuclides, complicated
radiochemistry, redistribution of daughter radionuclides and unavailability of defined microdosimetric methodologies. In
addition, the existing clinical data are mainly from small, single-arm or early-phase investigations, and the evidence on long-
term safety and comparative efficacy remains limited.

Alpha-particle treatment is also being investigated in combination with immune checkpoint inhibitors, DNA damage
response inhibitors, PARP inhibitors and external beam radiation. High-LET radiation may promote antitumor immunity
by inducing immunogenic cell death and modifying the tumor microenvironment, providing a strong biological basis for
combination strategies. However, these techniques remain exploratory and require prospective study of their optimum
sequencing and toxicity profiles.

Moving forward will involve increasing radionuclide production capacity, enhancing the stability of chelators, improving
personalized dosimetry, and conducting adequately powered randomized clinical trials. The combination with artificial
intelligence, quantitative imaging, and predicted dosimetry may improve further patient selection and treatment planning.
Although alpha-particle therapy has the potential to improve the therapeutic index of radionuclide therapy, its ultimate role
will depend on demonstrating sustained clinical benefit, acceptable toxicity and cost-effectiveness relative to established
beta-emitting radiopharmaceuticals.

Figure 3. Beta vs Alpha Emitters: Physical and Biological Comparison
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Combination Treatment Strategies: Integrating Theranostics into Multimodal Cancer Care

Theranostics is increasingly being employed as part of a multi-modal cancer care rather than a stand-alone treatment. Tumor
progression is driven by genetic heterogeneity, clonal evolution, and interactions with the tumor microenvironment; hence,
durable disease control is generally achieved by combining targeted radionuclide therapy with surgery, systemic therapy,
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immunotherapy, or external beam radiotherapy (EBRT). These tactics try to exploit complimentary biological pathways,
while keeping toxicity within acceptable limits.

Immune checkpoint inhibitors (ICIs) have been the most explored of the new combos. Besides direct cytotoxicity,
radionuclide therapy may cause immune cell death, improve antigen presentation and modify the tumor microenvironment,
offering a justification for combination with PD-1, PD-L1 and CTLA-4 inhibitors. Early phase trials in prostate cancer,
neuroendocrine tumors and other solid malignancies reveal potential synergy, but strong survival data are not yet available,
and the best time of combination therapy is not yet identified.

Another potential approach is the combination of radionuclide therapy with inhibitors of DNA damage response (DDR),
especially PARP inhibitors. Radionuclide therapy induces DNA strand breaks and inhibition of DNA repair can lead to
increased radiosensitivity, especially in tumors with homologous recombination defects such as BRCA1/2 or ATM
mutations. A number of active trials are testing *177Lu-PSMA with PARP inhibition in metastatic prostate cancer, however
the long-term efficacy and safety remain unknown.

Targeted therapy may further boost theranostic effectiveness through enhanced target expression or radiosensitivity. For
example, BRAF and MEK inhibitors have been used to restore sodium-iodide symporter expression in radioiodine-refractory
differentiated thyroid cancer, resulting in renewed responsiveness to radioiodine therapy. Combinations with androgen
receptor inhibitors, HER2-targeted treatments, and other molecular medicines are also being actively investigated.

Theranostics is also a useful adjunct to external beam radiation (EBRT) and surgery. EBRT is useful for local management of
bulky or symptomatic lesions. Radionuclide therapy targets widespread microscopic disease depending on expression of
molecular targets. Preoperative molecular imaging can aid surgical planning, and postoperative radionuclide therapy can
ablate residual or metastatic illness, highlighting the relevance of theranostics in multidisciplinary cancer care.

Combination techniques are biologically well-justified but are still primarily experimental. Optimal sequencing, cumulative
toxicity, customized dosimetry, and patient selection have not been established and overlapping hematologic, renal and
salivary gland toxicities necessitate close monitoring. Most of the data available are from pre-clinical research or early phase
clinical trials with few randomized studies showing a survival or quality of life benefit. Future advancement will depend on
the use of biomarker-driven trial designs, standardization of dosimetry and prospective comparison studies that specify
which patients benefit most from specific combinations while keeping an acceptable safety profile.

Table 2. Key Opportunities and Challenges in Theranostic Development

Demain Key Opportunities Major Challenges
[ * New targets = Production and supply
ﬁ Radiopharmaceuticals + Alpha emitters » Complex radiochemistry
+ Multifunctional ligands « Regulatory requirements
uantitative Imagi * Personalized treatment = Standardization
EDntsimelry -5 + Adaptive therapy = Validation of dose-response
* Better safety = Clinical implementation
x + Automated analysis = Generalizability
@% Artificial Intelligence « Predictive modeling « Interpretability
* Decision support + Data quality and privacy
& Combination Therapy : gynerms!m effica Csl'v : Optimal se:t;;)r:lcc:zﬁs
= Broader indications - Evidence from RCTs
» Wider access « Infrastructure
@ Clinical Transiation + Cost-effective care * Workforce training
*« Improved outcomes = Giobal equity

Abbreviation: RCTs, randomized controlled trials,

CLINICAL TRANSLATION: SAFETY, TOXICITY, AND BARRIERS TO IMPLEMENTATION

The transition of theranostics into ordinary oncology will hinge on efficacy and safety, defined clinical routes, a stable
radionuclide supply, specialized infrastructure and equal access. Although randomized trials have demonstrated
meaningful gains in survival, disease control, and quality of life for some malignancies, logistical, regulatory, and economic
obstacles pose a significant barrier to broader deployment.

Toxicity and Safety
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Targeted radionuclide therapy selectively delivers radiation to malignant tissue. Physiologic expression of molecular targets
in normal organs always leads to off-target radiation exposure. Toxicity depends on the target biology, radionuclide
properties, delivered activity, cumulative dose, pharmacokinetics and baseline organ performance.

Hematologic toxicity remained the most common side event, especially in patients with significant skeletal metastases, prior
chemotherapy or limited bone marrow reserve, underscoring the significance of cautious patient selection and longitudinal
monitoring. A significant limitation of peptide-based therapeutics has been renal toxicity, which has been dramatically
decreased in the past by amino acid nephroprotection, improved ligand design and optimized treatment regimens. Patients
with pre-existing renal impairment need individual risk assessment. Xerostomia is the main dose-limiting effect of PSMA-
directed therapy, particularly with *225Ac-PSMA where harm to the salivary glands can have a major impact on quality of
life. Other adverse effects are generally uncommon but still need ongoing long-term monitoring and include fatigue, nausea,
transient gastrointestinal symptoms, and rare therapy-related myelodysplastic syndrome or acute leukemia. Importantly,
patient-reported outcomes have consistently shown that improvements in disease control are typically accompanied by
meaningful benefits in quality of life, highlighting the relevance of patient-centered assessment.

Infrastructure & Workforce

Successful theranostic programs require dedicated radiopharmacy facilities, quantitative imaging systems, radiation safe
treatment environments, medical physics support and multidisciplinary teams of nuclear medicine physicians, oncologists,
radiologists, surgeons, radiopharmacists, medical physicists, specialist nurses and radiation safety personnel. These
infrastructure and manpower needs remain substantial obstacles, especially in healthcare systems without established
nuclear medicine services, stressing the need for greater training and interdisciplinary collaboration.

Radionuclide Supply and Health Policy

The growing clinical demand has exposed critical weaknesses in global radionuclide manufacturing. Many of the key
isotopes (*177Lu, *68Ga and especially #225Ac) rely on limited production capacity and supply disruption remains a
common hurdle to clinical growth. Investment in reactor technology, accelerator-based production and robust international
supply networks will therefore be key for sustainable expansion.

Theranostic medicines are associated with high upfront costs, but their utility goes well beyond the procurement of drugs
as they allow better patient selection, slow disease progression, decrease healthcare utilization, and perhaps improve
quality-adjusted survival. However, reimbursement rules differ greatly among health care systems and detailed cost-
effectiveness assessments are lacking. Strong economic evidence will be critical to informing decisions around
reimbursement and fostering wider uptake.

CHALLENGES IN GLOBAL AND REGULATORY IMPLEMENTATION

Many existing regulatory regimes have not kept pace with rapid breakthroughs in radiopharmaceutical development. The
standardization of manufacturing standards, imaging protocols, dosimetry methodologies, response criteria, and reporting
standards by organizations such as the IAEA, EANM, and SNMMI is critical to ensure reproducibility across institutions
and facilitate multicenter clinical trials.

One of its biggest concerns continues to be access to theranostics. Advanced molecular imaging and radionuclide therapy
are centralized in high-resource centers, and the restricted infrastructure, staff shortages, regulatory complexity, treatment
costs, and isotope availability continue to impede access in many low- and middle-income nations. International
cooperation, regional production of radionuclides, technology transfer, workforce development and sustainable health
policies will be needed to address these inequities.

Critical Perspective

Despite impressive scientific progress, the major challenge for next generation theranostics remains clinical translation.
Future success will not only depend on the development of new radiopharmaceuticals, but also on the standardization of
dosimetry, the strengthening of long-term safety surveillance, the assurance of a reliable supply of radionuclides, the
generation of robust cost-effectiveness data, and the expansion of equitable global access. Without overcoming these
operational challenges, theranostics’ therapeutic impact will remain restricted, despite ongoing technological improvement.
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FUTURE PERSPECTIVES: THE NEXT DECADE OF PRECISION THERANOSTICS

Theranostics, which used to be a niche application of nuclear medicine, is now a major component of precision oncology,
merging molecular imaging, targeted radionuclide therapy, quantitative dosimetry, and computational medicine. The
coming decade will probably bring fewer incremental enhancements to existing radiopharmaceuticals, and greater
innovations that enhance personalization, extend therapeutic indications and enable worldwide application. There are some
events that are especially likely to affect the future of the field.

Expansion beyond existing molecular targets

Although PSMA and somatostatin receptor theranostics have revolutionized the treatment of prostate cancer and
neuroendocrine tumors, most malignancies lack approved therapeutic targets. Among the developing candidates, fibroblast
activation protein (FAP) is especially interesting due to its ubiquitous expression across many epithelial malignancies and
the capacity to target the tumor microenvironment, rather than malignant cells alone. Future development of
radiopharmaceuticals will also include nanobodies, bispecific ligands, scaffold proteins and synthetic biomolecules with
better pharmacokinetic properties. However, clinical implementation would require randomized trials demonstrating a
significant benefit in survival, quality of life and cost effectiveness, not just imaging performance.

Alpha-Particle Therapy

One of the most important therapeutic developments in radionuclide therapy is alpha-emitting radionuclides. Because of
their high linear energy transfer and short tissue range they are potentially able to overcome the resistance to conventional
[-emitting radiopharmaceuticals, especially in little residual illness and in treatment refractory malignancies. However,
challenges remain before the widespread adoption of alpha therapy, including radionuclide production, toxicity mitigation,
dosimetric standardization and limited prospective clinical evidence. More biological innovation will be as crucial as
expanding dependable isotope production.

Artificial Intelligence and Adaptive Personalized Dosimetry

Clinical practice may be reshaped by the move from fixed-activity administration of radionuclides to adaptive, patient-
specific therapy. The integration of artificial intelligence with quantitative imaging, voxel-level dosimetry, laboratory
biomarkers and clinical data may enable the dynamic adjustment of administered activity, treatment intervals and
radionuclide selection throughout therapy. Although these technologies promise to improve precision, prospective
validation and transparent clinical decision support systems are necessary before routine use.

Radiogenomics and Integrating Multi-Omics

In the future, treatment will likely depend on more than just which receptors are expressed. Molecular imaging in
conjunction with genomic, transcriptomic, proteomic, metabolomic and radiomic data may allow for more precise prediction
of radiosensitivity, therapeutic resistance and treatment response. Such multimodal techniques could provide for the first
time personalized radiopharmaceutical selection and help identify patients more likely to benefit from combo therapy.
However, external validation and defined analytical frameworks will be needed before general clinical application.

Combination Precision Therapies

Theranostics are increasingly expected to be used as part of integrated precision oncology rather than as a separate therapy
approach. Among the combination treatments, radionuclide therapy plus immune checkpoint inhibitors seem particularly
promising, since radiation may boost anti-tumor immunity through immunogenic cell death and modification of the tumor
microenvironment. Since the current evidence is mostly limited to preclinical and early-phase clinical studies, further
research should be directed at determining the appropriate sequencing, predictive biomarkers, and management of
toxicities.

Global Clinical Practice translation

The future of theranostics will be decided not only by scientific development. Reliable production of radionuclides
harmonized regulatory frameworks, standardized dosimetry, workforce development and fair access across varied health
care systems will be needed for sustainable growth. Investment in isotope production, particularly for alpha emitters,
alongside international collaboration and evidence-based reimbursement policies will be essential to ensure that advances
in precision radionuclide therapy benefit patients globally rather than being restricted to specialized centers.

Future Prospects
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The future of theranostics is the integration of molecular imaging, targeted radionuclide therapy, artificial intelligence,
radiogenomics, and precision dosimetry into a continually evolving clinical ecosystem. Rather of replacing existing cancer
therapies, theranostics will supplement surgery, systemic therapy, immunotherapy and external beam radiotherapy more
and more, through biologically guided treatment selection. Success will ultimately rely on not only technology innovation
but also on establishing enduring therapeutic benefit, cost-effectiveness and equitable worldwide deployment. If these
problems are properly handled, theranostics will become one of the pillars of precision oncology in the next decade.

Table 3. Future Directions for Precision Theranostics

Priority Area Expected Impact
Expanded molecular targets « Treat broader range of cancers
(FAP, HERZ, CXCR4, others) = Owvercome resistance mechanisms.

« Higher therapeutic efficacy
Alpbapetic i apy + Effective for micromelasialic / resistant disease

+ More precise patient selection
Al and multi-omics integration « Real-time adaptive treatment
+ Digital twin-based decision support

+ Maximize tumor dose

BJIQOFH @

Personalized dosimetry * Minimize toxicity
+ Improve safety and outcomes
Rational combination strategies ~ * Synergistic efficacy with ICis, DDR inhibitors,
al combinalion strategles targeted therapy and EBRT
+ Standardization
Global implementation = Scalable production

+ Equitable access worldwide

CONCLUSION

Theranostics has revolutionized cancer by merging molecular imaging with targeted radionuclide therapy into a cohesive
precision medicine framework. By connecting diagnosis, patient selection, therapy, and response evaluation via common
molecular targets, cancer management has transitioned from an anatomy-centric approach to scientifically informed,
personalized care. Proven applications in neuroendocrine tumors, prostate cancer, and differentiated thyroid carcinoma
have shown significant enhancements in survival, disease management, and quality of life, affirming theranostics as a
fundamental aspect of comprehensive cancer treatment. Simultaneously, novel targets such fibroblast activation protein
(FAP), HER2, CXCR4, and GRPR suggest significant promise for broadening radionuclide therapy to encompass a greater
variety of cancers.

Advancements in theranostics are progressively propelled by innovations that extend beyond the mere manufacture of
radiopharmaceuticals. Customized dosimetry, artificial intelligence, quantitative imaging, radiogenomics, and alpha-
particle therapy are transforming treatment strategies and facilitating more accurate, individualized radionuclide therapy.
Nonetheless, considerable obstacles persist prior to the broad adoption of these advancements. Dependable radionuclide
generation, uniform dosimetry, rigorous comparative clinical studies, extensive safety data, economic viability assessments,
regulatory alignment, and fair worldwide accessibility are essential concerns for forthcoming research and clinical
applications.

Ultimately, the trajectory of theranostics will hinge on both the identification of novel molecular targets and the effective
integration of scientific breakthroughs into standard clinical practice. Through sustained interdisciplinary cooperation and
the application of evidence-based practices, theranostics is set to emerge as a fundamental component of precision oncology,
establishing a system where molecular profiling directly informs personalized cancer therapies and enhances results for a
growing patient demographic.
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ABSTRACT

Background: Nursing anaesthesia is a specialized field of nursing practice that plays a vital role
in the delivery of safe perioperative care. Despite the increasing demand for nurse anaesthetists
in Nigeria, enrollment into the nursing anaesthesia programme remains low. Understanding
nurses' knowledge, attitudes, and perceived barriers to enrollment is essential for developing
strategies to strengthen the anaesthesia workforce.

Objective: To assess the knowledge and attitude of staff nurses towards the nursing anaesthesia
programme and identify factors influencing enrollment at the University of Ilorin Teaching
Hospital, Ilorin, Nigeria.

Methods: A descriptive cross-sectional study was conducted among 261 staff nurses selected
using a total enumeration sampling technique. Data were collected using a structured self-
administered questionnaire comprising sections on socio-demographic characteristics,
knowledge, attitude, perceived barriers to enrollment, and suggested strategies for improving
enrollment. Descriptive statistics were used to summarize the data, while Chi-square tests were
employed to examine the relationships between age and awareness and between gender and
willingness to enroll. Statistical significance was set at p < 0.05.

Results: Respondents demonstrated a high level of awareness of the nursing anaesthesia
programme, with 92.0% correctly identifying it as a nursing specialty. Overall, 88.1% exhibited
a positive attitude and willingness to enroll in the programme. Respondents perceived nursing
anaesthesia as offering opportunities for professional advancement, independent and
collaborative practice, and improved remuneration. Financial constraints (36.4%), lack of flexible
entry pathways (24.5%), distance to training institutions (13.0%), and family-related
responsibilities (11.1%) were the leading barriers to enrollment. Preference for locally available
specialty programmes (54.8%) was identified as the principal reason for the low number of nurse
anaesthetists. Respondents strongly supported expanding training institutions, providing
financial assistance, upgrading the programme to a master's degree, and strengthening
mentorship and clinical exposure as strategies for improving enrollment. A statistically
significant relationship was observed between age and awareness (x> = 30.12, df =9, p < 0.05),
whereas no significant relationship was found between gender and willingness to enroll (x? =
6.82, df =6, p>0.05).

Conclusion: Staff nurses demonstrated high awareness and positive attitudes towards the
nursing anaesthesia programme; however, enrollment remains constrained by financial,
institutional, and accessibility barriers. Strengthening financial support, expanding training
opportunities, improving awareness, and implementing supportive institutional policies may
enhance enrollment and contribute to addressing the shortage of nurse anaesthetists in Nigeria.

Keywords: Nursing Anaesthesia Programme, Knowledge, Attitude, Enrollment, Nurse
Anaesthetists, Nigeria
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INTRODUCTION

Anaesthesia services are indispensable to safe surgical care, obstetric interventions, emergency procedures, and critical care.
Despite advances in healthcare delivery, the shortage of skilled anaesthesia personnel remains a major global challenge,
particularly in low- and middle-income countries such as Nigeria. The growing demand for anaesthesia services continues
to outpace the available workforce, and this gap is unlikely to be addressed by physician anaesthetists alone because of
limited training capacity, brain drain, and the uneven distribution of specialists [14,18,19].

The shortage of anaesthesia providers is also evident at the University of Ilorin Teaching Hospital (UITH), where the demand
for anaesthesia services has increased both within and outside the operating theatre. Although the hospital has a nursing
workforce of approximately 750 staff nurses, fewer than ten were trained as nurse anaesthetists at the time of this study[21].

Nursing anaesthesia has emerged as a practical and sustainable strategy for addressing shortages of anaesthesia providers
and improving access to safe anaesthesia services. Nevertheless, enrollment into nursing anaesthesia programmes remains
low despite the increasing need for qualified personnel. This situation raises concerns about staff nurses’ knowledge of the
programme and their attitudes toward pursuing specialization. Previous studies have reported that inadequate awareness
of the specialty, limited understanding of the roles of nurse anaesthetists, financial constraints, distance to training
institutions, preference for other nursing specialties, inadequate mentorship, and insufficient institutional support may
discourage nurses from enrolling in the programme [2,5,6].

This study is anchored on the Theory of Cognitive Dissonance proposed by Leon Festinger (1957) and the Theory of Operant
Conditioning developed by B. F. Skinner (1938). Festinger's theory explains that individuals strive for consistency between
their beliefs, attitudes, and behaviours. When new information challenges existing beliefs, individuals are motivated to
modify their attitudes or behaviours to restore internal consistency. Skinner's theory, on the other hand, posits that behaviour
is influenced by its consequences, with behaviours followed by positive reinforcement being more likely to be repeated.
Applied to this study, increased knowledge and awareness of nursing anaesthesia may positively influence nurses' attitudes
toward specialization, while institutional support such as financial sponsorship, favourable policy reforms, mentorship,
clinical exposure through in-service education and clinical postings, and the transition of the nursing anaesthesia
programme from a post-basic qualification to a master's degree may serve as positive reinforcers that encourage enrollment.

Against this background, this study assessed the knowledge and attitude of staff nurses at the University of Ilorin Teaching
Hospital toward the nursing anaesthesia programme. Specifically, it sought to identify knowledge gaps regarding the
programme, determine staff nurses' willingness to enroll in the nursing anaesthesia programme, identify factors responsible
for the low enrollment of nurses into the specialty, and suggest motivating factors that could enhance participation in
nursing anaesthesia training.

The findings of this study are expected to provide evidence for nurse educators, hospital administrators, policymakers, and
professional nursing bodies in developing interventions to improve awareness of nursing anaesthesia, address barriers to
enrollment, strengthen institutional support, and encourage specialization among nurses. Ultimately, increased
participation in nursing anaesthesia programmes will contribute to strengthening the anaesthesia workforce and improving
the quality, safety, and accessibility of anaesthesia services in tertiary health institutions in Nigeria [15,18].

METHODS
Research Design
A descriptive cross-sectional research design was employed to assess the knowledge and attitude of staff nurses at the
University of Ilorin Teaching Hospital towards the nursing anaesthesia programme. This design was considered appropriate
because it allows for the systematic collection of data from a defined population at a single point in time.
The descriptive approach enabled the researcher to obtain detailed information on existing conditions, opinions, and
practices while facilitating the analysis of relationships among the study variables. It is particularly suitable for studies that
seek to describe the characteristics, knowledge, and attitudes of a specific population.

Study Population

The study population comprised registered nurses working at the University of llorin Teaching Hospital, Ilorin, Kwara State,
Nigeria. At the time of the study, the hospital had an estimated nursing workforce of approximately 750 registered nurses
distributed across various departments, units, and clinical specialties.
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This population was considered appropriate for assessing staff nurses' knowledge and attitude towards the nursing
anaesthesia programme.

Sample Size Determination

The sample size for this study was determined using the Taro Yamane formula:
[ n=\frac{N}{1+N(e)"2} ]

Where:

n = required sample size

N = target population (750)

e =margin of error (0.05), corresponding to a 95% confidence level
Substituting the values into the formula:

[ n=\frac{750}{1+750(0.05)"2} ].

[ =\frac{750}{1+750(0.0025)} ]

[ =\frac{750}{2.875} ]

[ =260.87 \approx 261 ]

Therefore, the minimum required sample size was 261 respondents. However, a total of 296 respondents participated in the
study through the Google Forms survey, thereby exceeding the minimum sample size and improving the precision of the
findings.

Sampling Technique

The study initially proposed the use of stratified random sampling. However, due to the movement restrictions and safety
measures imposed during the COVID-19 pandemic, convenience and purposive sampling techniques were adopted.

The questionnaire was converted into a Google Form and distributed electronically through readily accessible online
platforms. The survey link was also shared within nursing WhatsApp and Telegram groups to reach registered nurses who
met the inclusion criteria.

Although this approach facilitated efficient data collection during the pandemic, it may have introduced selection bias and
consequently limited the generalizability of the findings to the entire nursing population.

Instrument for Data Collection

Data were collected using a self-structured questionnaire developed from the study objectives and relevant literature. The
questionnaire consisted of closed-ended questions and was divided into five sections. Section A contained four questions on
the socio-demographic characteristics of the respondents. Section B consisted of five questions assessing respondents'
knowledge of the nursing anaesthesia programme. Responses were measured using three options: Yes, No, and Not Sure.

Section C comprised six questions assessing respondents' attitudes and willingness to enroll in the nursing anaesthesia
programme. The first three questions were measured using the response options Yes, No, and Not Sure, while the remaining
three questions were measured on a four-point Likert scale of Strongly Agree, Agree, Disagree, and Strongly Disagree. The
use of different response formats within the same section may have introduced some measurement inconsistency and could
limit the instrument's applicability in similar studies.

Section D contained two questions assessing perceived reasons for the low enrollment of nurses in the nursing anaesthesia
programme. Respondents were asked to select the factors applicable to them from the options provided. This might also
contribute to poor construct and very low internal consistency because their different construct in the questions.

Section E consisted of seven questions assessing factors that could motivate nurses to enroll in the nursing anaesthesia
programme. Responses were measured using a four-point Likert scale of Strongly Agree, Agree, Disagree, and Strongly
Disagree.

Inclusion Criteria

The study included registered nurses who were actively working in the clinical units of the University of Ilorin Teaching
Hospital during the period of data collection. Only nurses directly involved in patient care and who willingly consented to
participate were included in the study.
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Exclusion Criteria

Nurses working in non-clinical areas, including the School of Nursing and other academic units, were excluded from the
study. Heads of departments, ward managers, and senior nursing administrators who had reached the peak of their
professional careers were also excluded, as they were not the primary target population for the study.

Validity of the Research Instrument

The research instrument underwent face and content validity to ensure that it adequately measured the intended constructs.
Face validity was established through the review of the questionnaire by two experts in nursing anaesthesia and nursing
education, who assessed its clarity, relevance, and appropriateness.

Content validity was established through evaluation by a nurse anaesthetist and the research supervisor to ensure that the
questionnaire adequately covered the study objectives and variables. Their recommendations were incorporated before the
final administration of the instrument.

Reliability of the Research Instrument

The reliability of the instrument was assessed using Cronbach's Alpha to determine the internal consistency of the
questionnaire items.

Although a pilot study was not conducted due to the movement restrictions associated with the COVID-19 pandemic,
reliability analysis was performed using the data obtained from the main study. This provided an empirical assessment of
the internal consistency of the research instrument.

Data Collection Procedure

Ethical approval was obtained from the Ethics Review Committee of the University of Ilorin Teaching Hospital before the
commencement of the study.

Data were collected over a four-week period by the researcher with the assistance of two trained research assistants. Owing
to the COVID-19 movement restrictions, the questionnaire was converted into a Google Form and distributed electronically
through WhatsApp and Telegram platforms used by nurses working at the University of Ilorin Teaching Hospital.

Data Analysis

Data were analysed using descriptive and inferential statistics. Descriptive statistics, including frequencies, percentages, and
tables, were used to summarize and present the data clearly. Inferential statistics (Chi-square test) were used to examine the
relationships between selected variables, including age and awareness, as well as gender and willingness towards the
nursing anaesthesia programme. Statistical significance was determined at a 5% level of significance (p < 0.05).

Ethical Considerations

Ethical approval was obtained from the Ethics Review Committee of the University of Ilorin Teaching Hospital, Ilorin, Kwara
State. Informed consent was obtained electronically from all participants before data collection. Participation was entirely
voluntary, and respondents were assured of confidentiality and anonymity. The information obtained was used solely for
research purposes, and participants were treated with dignity, respect, and fairness throughout the study.

RESULTS

Response Rate

Due to the movement restrictions imposed during the COVID-19 pandemic, the originally planned method of physically
distributing questionnaires was discontinued. Instead, the research instrument was converted into a Google Form and
distributed electronically through WhatsApp and Telegram platforms accessible to eligible respondents.

A total of 296 responses were received during the four-week data collection period. Following data screening, 261 responses
were found to be complete, non-duplicated, and suitable for analysis. This represents 88.2% of the total responses received
and corresponds to the calculated sample size for the study. The remaining 35 responses (11.8%) were excluded from the
analysis due to incomplete submissions and duplicate entries.
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Table 1:0 Response Rate of Respondents

Description Frequency Yage (%)
Questionnaires Retrieved 296 100
Valid questionnaire Analyzed 261 88.2
Excluded Questionnaires 35 11.8

Table 2.0 Socio- Demographic characteristics of respondents (n =261)

Variables Category Frequency (n) Percentage (%) ‘

20 -29 39 14.9

30-39 81 31.0

Age (Yrs) 40-49 93 356

> 50 48 18.4

F 212 81.2

Gender M 43 16.5
Not disclose 6 2.3

Married 235 90.0
Marital Status Single 20 7.7
Widowed 6 2.3

1-10yrs 71 27.2

. 11-20yrs 115 441

Years of Service 21-30yrs = 218
31-35yrs 18 6.9

The socio-demographic characteristics of the respondents were analysed based on age, gender, marital status, and years of
service.

Age Distribution

The findings showed that respondents aged 40-49 years constituted the largest proportion of the study population,
accounting for 93 (35.6%) respondents. This was followed by those aged 30-39 years, who comprised 81 (31.0%) respondents.
Respondents aged 50 years and above accounted for 40 (15.3%), while those aged 2029 years constituted 39 (14.9%) of the
respondents. The mean age of the respondents was 39.5 years.

Gender Distribution
The majority of the respondents were female, accounting for 212 (81.2%), while 43 (16.5%) were male. A further 6 (2.3%)
respondents did not disclose their gender.

Marital Status
Most of the respondents were married, representing 235 (90.0%) of the study population. Single respondents accounted for
20 (7.7%), while 6 (2.3%) respondents were widowed.

Years of Service

With respect to years of service, the largest proportion of respondents, 115 (44.1%), had 11-20 years of service. This was
followed by 71 (27.2%) respondents with 1-10 years of service, 57 (21.8%) respondents with 21-30 years of service, and 18
(6.9%) respondents with 31-35 years of service. The mean years of service among the respondents was 19.9 years.

Table 3.0. showing the response rate for knowledge (awareness) of respondents on nursing anaesthesia programme

Knowledge Frequency (n) Percentage (%)
Accurate knowledge 924 70.8
Inaccurate knowledge 381 29.2
Total 1305 100
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A total of 1,305 responses were obtained from the five knowledge items assessing respondents' awareness of the nursing
anaesthesia programme. Of these, 924 (70.8%) represented accurate knowledge, while 381 (29.2%) indicated inaccurate
knowledge.

Table 3.1 Respondents knowledge on nursing anaesthesia programme

Variables Frequency (n) | Percentage (%) | Cumulative Frequency
Anest}}esia. ‘ 261 (100.0)
a specialty in nursing
Yes 240 92.0 240
Not Sure 12 4.6 252
No 9 3.4 261

Knowledge on existence of the course
in nursing anaesthesia

Yes 230 88.1 230
Not sure 12 4.6 242
No 19 7.3 261
Awareness

On existence of post basic nursing
anaesthesia programme

Yes 235 90.1 235
Not Sure 9 3.4 244
No 17 6.5 261

A nurse anaesthetist is a nurse trained
to administer anaesthesia

Yes 203 77.8 203
Not Sure 43 16.5 246
No 15 5.7 261

A nurse anaesthetist is a nurse
Who assist physician anaesthetist

Yes 16 6.1 16
Not sure 15 5.7 31
No 230 88.1 261

The findings revealed a generally high level of awareness of the nursing anaesthesia programme among the respondents.
The majority of respondents, 240 (92.0%), correctly identified nursing anaesthesia as a specialty in nursing. Similarly, 230
(88.1%) reported being aware of the availability of nursing anaesthesia courses, while 235 (90.0%) indicated awareness of
post-basic nursing anaesthesia programmes.

Regarding knowledge of the role of nurse anaesthetists, 203 (77.8%) of the respondents correctly identified a nurse
anaesthetist as a nurse specially trained to administer anaesthesia. However, 16 (6.1%) respondents incorrectly identified a
nurse anaesthetist as a nurse who assists a physician anaesthetist. These findings suggest that, although respondents
generally demonstrated a high level of awareness of the nursing anaesthesia programme, some misconceptions regarding
the professional role of nurse anaesthetists still exist.

Response rate for attitude towards nursing anaesthesia programme: Table 4.0., 4.1.1 & 4.1.2 shows respondents’ attitude
towards nursing anaesthesia programme.

This section comprises questions designed to assess respondents' attitudes toward the nursing anaesthesia programme,
particularly their willingness to enroll in the programme and their perceptions of the opportunities and career prospects
associated with it. The responses provide insight into the extent to which these perceived opportunities influence
respondents’ willingness to pursue specialization in nursing anaesthesia.
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Table 4.0. Shows response rate of attitude towards nursing anaesthesia programme.

ATTITUDE (WILLINGNESS) FREQUENCY (n) PERCENTAGE (%)
Positive attitude 1380 88.1
Negative attitude 186 11.9
Total score 1566 100

A total of 1,566 responses were obtained from the attitude items assessing respondents’ willingness to enroll in the nursing
anaesthesia programme. Of these, 1,380 (88.1%) reflected a positive attitude, indicating respondents’ willingness to enroll in
the programme, while 186 (11.9%) reflected a negative attitude, indicating unwillingness to enroll.

TABLE 4.1.1. Shows respondents attitude (willingness) towards enrollment for nursing anaesthesia programme

Variables Frequency | Percentage | Cumulative
(f) (%) Frequency
Are you specialized? 188
Yes 188 72% 261
No 73 28%
Do you think that Nursing anaesthesia programme
can offer you another opportunity for specialization
;‘f’ 249 95.4% 249
Not sure 8 3.1% 257
4 1.5% 261
Do you think Nursing anaesthesia can gives you job
satisfaction?
Yes 219 84% 219
No 29 11% 248
Not sure 13 5% 261

The findings revealed that 188 (72.0%) of the respondents possessed one or more post-basic nursing specialties, while 73
(28.0%) had no post-basic nursing specialty. Furthermore, 249 (95.4%) of the respondents believed that the nursing
anaesthesia programme would provide an additional opportunity for specialization, whereas 8 (3.1%) did not share this
opinion and 4 (1.5%) were unsure.

Regarding job satisfaction, 219 (84.0%) of the respondents believed that the nursing anaesthesia programme could enhance
job satisfaction, while 29 (11.0%) disagreed and 13 (5.0%) were uncertain.

Table 4.1.2: Opportunities that Nursing Anesthesia programme provides related the respondents willingness towards
nursing anaesthesia programme

Variables Strongly Agreed Agreed Strongly Disagreed Disagreed
N(%) N(%) N(%) N(%)

Professional

207 (79. 1 (19. 2(0. 1(04
Advancement 07(79.3) 51(19.5) (0.8) (0.4)
Independent &
Collaborative Practice 15(57) 221 (84.7) 10 (3-8) 15(5.7)
Increase in Salary 9(34)
& Allowance 132 (50.6) 98 (37.5) 22 (8.4)
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The findings presented in Table 4.1.2 revealed that 207 (79.3%) of the respondents strongly agreed and 51 (19.5%) agreed
that the nursing anaesthesia programme provides opportunities for professional advancement. In contrast, 2 (0.8%) strongly
disagreed and 1 (0.4%) disagreed with this statement.

Regarding independent and collaborative practice, 15 (5.7%) of the respondents strongly agreed, while the majority, 221
(84.7%), agreed that the nursing anaesthesia programme promotes independent and collaborative practice. Conversely, 10
(3.8%) strongly disagreed and 15 (5.7%) disagreed.

Furthermore, 132 (50.6%) of the respondents strongly agreed and 98 (37.5%) agreed that the nursing anaesthesia programme
could lead to increased salary and allowances. However, 22 (8.4%) strongly disagreed and 9 (3.4%) disagreed with this
assertion.

Overall, the findings indicate that the majority of the respondents were already specialized in one or more post-basic nursing
fields and perceived the nursing anaesthesia programme as an avenue for further specialization and improved job
satisfaction.

Decision Rule for the Four-Point Likert Scale

A four-point Likert scale was used to assess respondents' attitudes towards the nursing anaesthesia programme. The
response options were assigned the following scores: Strongly Agree =4, Agree = 3, Disagree =2, and Strongly Disagree = 1.
The mean score for each questionnaire item was computed based on these assigned values.

The criterion mean was calculated as follows:

[ \frac{4+3+2+1}{4}=2.50]

Therefore, a mean score of 2.50 or above was interpreted as agreement (positive perception/attitude), while a mean score
below 2.50 was interpreted as disagreement (negative perception/attitude).

Table 4.1.3. Showing likert scale decision interpretation

Mean/Range Interpretation
3.26-4.00 S.A (Very High)
2.51-3.25 A (High)

1.76 - 2.50 D (Low)
1.00-1.75 SD (Very Low)

The findings of this study indicate that respondents perceived the nursing anaesthesia programme as offering substantial
professional and economic benefits. Specifically, respondents strongly agreed that the programme provides opportunities
for professional advancement, as reflected by a mean score of 3.78. Similarly, respondents agreed that the programme
promotes independent and collaborative practice, with a mean score of 2.90. In addition, respondents strongly agreed that
specialization in nursing anaesthesia is associated with increased salary and allowances, as indicated by a mean score of
3.35.

The overall grand mean score of 3.34 demonstrates a highly positive perception of the opportunities and benefits associated
with the nursing anaesthesia programme among the respondents.

Table 5.1 and 5.1.2 shows respondents’ reasons for low enrollment to nursing anaesthesia programme

Table 5:1 Reasons for Low Enrolment to Nursing Anesthesia Programme

Variables Frequency (F) % Age Cum. Frq. Ranking
Financial Constraints 95 36.4 95 1st
Lack of Flexible Entry Point 64 24.5 159 2nd
Distance of Training Institution 34 13.0 193 3rd
Family Issue 29 11.1 222 4th
Reference for University sited Programme | 13 5.0 235 5th
Lack of Motivation 13 5.0 248 6t
Lack of Sponsorship 8 3.1 256 7t
Lack of Information 5 1.9 261 8th

The findings revealed that respondents identified several barriers to enrollment in the nursing anaesthesia programme.
Financial constraints emerged as the most frequently reported barrier, identified by 95 (36.4%) respondents, making it the
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highest-ranked barrier. This was followed by the lack of flexible entry pathways, reported by 64 (24.5%) respondents. The
distance of training institutions and family-related issues were also identified as notable barriers by 34 (13.0%) and 29 (11.1%)
respondents, respectively.

Other less frequently reported barriers included lack of motivation and preference for university-based programmes, each
identified by 13 (5.0%) respondents, while lack of sponsorship was reported by 8 (3.1%) respondents. The least frequently
reported barrier was lack of information, identified by 5 (1.9%) respondents. Overall, the findings suggest that financial and
structural factors were the predominant barriers influencing enrollment in the nursing anaesthesia programme.

Table 5.1.2: Perceived Reasons for Fewer Nurse Anesthetist

Variables Frequency (F) % Rank

Preference for Locally Available programme 143 54.8 1t

Lack of U.nderstandmg of Role & Duties of nurse 47 18.0 ond
anaesthetists

Misinformation about nursing anaesthesia 18 146 3
programme

Lack of Interest in the programme 33 12.6 4th

261 100.0 -

The findings revealed that the low number of nurse anaesthetists was primarily attributed to a preference for locally
available programmes, as reported by 143 (54.8%) respondents, making it the highest-ranked contributing factor. This was
followed by a lack of understanding of the roles and responsibilities of nurse anaesthetists, reported by 47 (18.0%)
respondents. In addition, misinformation about nursing anaesthesia was identified by 38 (14.6%) respondents, while lack of
interest in the specialty was reported by 33 (12.6%) respondents. Overall, the findings suggest that preference for locally
available programmes, limited awareness of the nurse anaesthetist's role, and misconceptions about the specialty were the
major factors contributing to the low number of nurse anaesthetists.

Table 6.0: Shows suggestion on ways to motivate nurses toward pursuing a career in anesthesia.

. Strongly Agree Disagree Strongly disagree
Variable Agreen (%) | n (%) n (%) n (%)
Do you think increasing the
number of post basic nursing
thesia schools will facili
anesthesia schools will facilitate 149 (57.1) | 103 (39)) | 6 (2.3) 3(11)

nurses’ interest to anesthesia
Programme

Giving incentive, study leave

And/or sponsorship will motivate
Nurses toward pursuing a career 153 (58.7) | 88(33.7) | 17 (6.5) 3(1.1)
In anesthesia

Denying of approval for nurses
from going for courses where
there are so many specialist
nurse to go nursing anesthesia
programme

55(21.1) | 79(30.3) | 106 (40.6) | 21 (8.0)

Raising the qualification of post
Basic nursing anesthesia to
Master’s degree in Nigerian will

Raise interest and encourage 139 (53.3) | 110 (42.1)| 10 (3.8) 2 (0.8)
enrollment in nursing anesthesia
programme
Posting and rotation of nurses to
Anesthesia department will 120 (46.0) | 128 (49.0)| 10 (3.8) 3(1.1)
P a ge CC-BY 4.0 Licensed
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Motivate nurses to pursue a

Career in nursing anesthesia

Inclusion of nursing anesthesia
At in-service training level will
Promote interest to nursing 107 (41.0) | 144 (55.2)| 9 (3.4) 1(0.4)
Anesthesia programme

Mentoring of junior nurse
about post basic nursing
anesthesia programe will

promote nursing anesthesia 132 (50.6) | 110 (42.1)| 18 (6.9) 1(0.4)
specialty among nursing in UITH
Likert scale interpretation
Item Mean Decision
Increase training schools 3.52 Strongly agree
Incentives/sponsorship 3.50 Strongly agree
Master’s degree upgrading 3.45 Strongly agree
Posting to anaesthesia unit 3.40 Strongly agree
Mentorship of junior nurses 3.43 Strongly agree
In-service training inclusion 3.36 Strongly agree
Denying approval for other specialty ~ 2.73 Agree

Grand mean = 3.34

The findings of this study revealed strong agreement among respondents on several strategies that could improve
enrollment into the nursing anaesthesia programme, The suggestion to increase the number of post-basic training schools
for nurse anaesthetists (mean = 3.52) received very strong support. Provision of incentives and sponsorship (mean = 3.50)
was also highly supported. The suggestion to upgrade the nursing anaesthesia programme to MSc degree level (mean =
3.45) also received strong agreement, respondents strongly supported posting nurses to anaesthesia departments (mean =
3.40) and mentorship of junior nurses (mean = 3.43). The inclusion of nursing anaesthesia in in-service training programmes
(mean = 3.36) was also strongly supported,

However, the suggestion to deny approval for specialty training to certain categories of nurses (mean = 2.73) was less
supported, falling within the “Agree” range.

HYPOTHESES TESTING
HYPOTHESIS 1: HA : There is a significant relationship between age and awareness level(knowledge) towards nursing
anaesthesia programme.

Table 7.0., 7.1 & 7.2 shows data analysis for hypothesis 1 testing.

Table 7.0 showings data for hypothesis 1

T
Awareness Tota 11:;:;
level 01 01 02 02 03 03 04 04 05 05 1
Not
(knowledge) Yes
sure
No/n No/n
Yes No/no Yes No/no Yes ot Yes No/no Yes | ot
t sure t sure t sure
sure sure
Age group
20-29 32 7 26 13 30 9 18 21 4 33 110 83
30 -39 80 1 78 3 81 0 70 11 5 77 314 92
40 -49 89 4 82 11 86 7 80 13 5 90 342 125
Page CC-BY 4.0 Licensed
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50 and above 39 9 44 4 38 10 35 13 2 45 158 81
240 21 230 31 235 26 203 | 58 16 230 924 381

Table 7.1 showing continuation of data for hypothesis 1

Awarenes Correct Incorrect Total
s level knowledge knowledge

Observed | Expected | Observed Expected

(&) (Ea) (O1) (Ei)
Age group
20-29 110 136.6 83 56.3 193
30 -39 314 287.5 92 118.5 406

330.7

40 -49 342 125 136.3 467
S0 and 158 169.2 81 69.8 239
above

924 381 1305

Table 7.2. Showing calculation for chi square statistical analysis for hypothesis 1

Ot = 02¢0i Er = EacEi O-E (O-E)? (O-E)¥E
110 136.6 -26.6 707.6 5.18
314 287.5 -26.5 702.3 2.44
342 330.7 11.3 127.7 0.39
158 169.2 -11.2 125.4 0.74
83 56.3 26.7 712.9 12.7
92 118.5 -26.5 702.3 5.93
125 136.3 -11.3 127.7 0.94
81 69.8 11.2 125.4 1.80

The Chi-square statistic was calculated using the following formula:

[ \chi*2 = \sum \frac{(O - E)"2}{E} ]

where:

O = Observed frequency

E= Expected frequency

The calculated Chi-square (\chi*2) value was 30.12.

The degree of freedom (df) was determined using the formula:

[df=R-T)(C-1)]

where:

R= Number of rows

C = Number of columns

Thus,

[df=(4-1)4-1)=3 \times3=9]

At a 0.05 level of significance, the critical Chi-square value for 9 degrees of freedom is 16.919. Since the calculated Chi-
square value (30.12) is greater than the critical value (16.919), the null hypothesis was rejected, and the alternative
hypothesis was accepted.

This indicates that there is a statistically significant relationship between age and the level of awareness of the nursing
anaesthesia programme among staff nurses at the University of Ilorin Teaching Hospital (\chi”*2 =30.12, df =9, p < 0.05).

HYPOTHESIS 2: There is a significant relationship between gender and willingness towards enrollment for nursing
anaesthesia programme.
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Table 8.0, 8.1 & 8.2 show data analysis for hypothesis 2 testing

Table 8.0 showing data for hypothesis 2

o1 IEI);/ 02 03 O3No/ ol IS:/ 05 1805/ 06 18(?/
Attitude | Yes 02 Yes/No/ | Yes Yes Yes Yes
. Not Not Not Not Not
(willingn | - / sure/ Yes/S Not / sure/ / sure/ / sure/ / sure/
ess) SA A/A | sure/SD | SA SA SA SA
/A SD/ D /A SD/D /A SD/ /A SD/ /A SD/
D D D D
MALE 34 |9 40 4 37 |6 42 |0 41 |2 42 |1
FEMALE | 150 | 62 206 7 178 | 34 210 | 2 190 | 22 183 | 29
NOT
DISCLOS | 4 2 3 1 4 2 6 1 5 1 5 1
ED
TOTAL 188 | 73 249 12 219 | 42 258 | 3 236 | 25 230 | 31
Table 8.1. Showing continuation of data for hypothesis 2 testing
Willingness Positive Attitude Negative Attitude Total
Observed Exp.ected Obs.erved Exp.ected
Gender Variable (Oy) Variable Variable Variable
(Ep) (On) (En)
Male 236 227.4 22 30.6 258
Female 1117 1121.8 156 151.2 1273
Not Disclosed | 27 30.8 8 4.2 35
Total 1380 186 1566
Table 8.2. Shows chi square statistical analysis for hypothesis 2
O:=0Op+On Et= Ep+En O-E (O-E)? (O-E)YE
236 227 .4 8.6 73.96 0.32
1117 1121.8 -4.8 23.04 0.02
27 30.8 -3.8 14.44 0.47
22 30.6 -8.6 73.96 2.42
156 151.2 4.8 23.04 0.15
8 4.2 3.8 14.44 3.44

The Chi-square statistic was calculated using the following formula:

[ \chi*2 = \sum \frac{(O - E)"2H{E} ]

where:

O= Observed frequency
E= Expected frequency

The calculated Chi-square (o chi*20) value was 6.82.
The degree of freedom (df) was determined using the formula:

[df=R-1)}(C-1)]
where:
R = Number of rows

C= Number of columns

Thus,

[df=(3-1)@-1)=2 \times3=6]

At a 0.05 level of significance, the critical Chi-square value for 6 degrees of freedom is 12.592. Since the calculated Chi-
square value (6.82) is less than the critical value (12.592), the alternative hypothesis was rejected, and the null hypothesis

was accepted. CC-BY 4.0 Licensed
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Therefore, there is no statistically significant relationship between gender and willingness to enroll in the nursing
anaesthesia programme among staff nurses at the University of Ilorin Teaching Hospital (\chi*2 = 6.82, df =6, p > 0.05).

Standard Interpretation of Cronbach’s Alpha

>0.90. Excellent and high staking
0.80 - 0.89. Good
0.70-0.79. Acceptable

0.60 - 0.69. Questionable
0.50 - 0.59. Poor
<0.50. Unacceptable

Reliability Analysis

Knowledge about Nursing anaesthesia programme 0.56

Attitude towards nursing anaesthesia programme. 0.65

Reasons for low enrollment of nurses into anaesthesia programme. 0.40
Suggestions  0.81

The reliability of the research instrument was assessed using Cronbach's alpha coefficient to determine the internal
consistency of the questionnaire. The knowledge domain yielded a Cronbach's alpha coefficient of 0.56, indicating poor
internal consistency. The attitude domain produced a coefficient of 0.65, indicating questionable internal consistency.
Similarly, the domain assessing reasons for the low enrollment of nurses into the nursing anaesthesia programme yielded a
coefficient of 0.40, indicating unacceptable internal consistency. In contrast, the suggestions domain demonstrated a
Cronbach's alpha coefficient of 0.81, indicating good internal consistency.

DISCUSSION OF FINDINGS

This chapter discusses the findings of the study on the knowledge and attitude of staff nurses towards the nursing
anaesthesia programme at the University of Ilorin Teaching Hospital, llorin. The discussion is presented in line with the
study objectives and hypotheses. Specifically, it focuses on the socio-demographic characteristics of the respondents, their
knowledge of the nursing anaesthesia programme, their attitude and willingness to enroll in the programme, perceived
barriers to enrollment, strategies for improving enrollment, the hypotheses tested, and the reliability of the research
instrument. The findings are discussed in relation to relevant empirical literature and the theoretical framework
underpinning the study.

Socio-demographic Characteristics of the Respondents

The findings revealed that the mean age of the respondents was 39.5 years, with the largest proportion of respondents
(33.3%) falling within the mid-career age group. This finding suggests that the nursing workforce at the University of Ilorin
Teaching Hospital comprises predominantly experienced professionals who are at a stage in their careers where
specialization and professional advancement are likely to be considered. Nurses within this age group possess substantial
clinical experience, which may positively influence their readiness to pursue advanced specialty training such as nursing
anaesthesia.!

The study also revealed that the nursing workforce was predominantly female, which reflects the long-established gender
distribution within the nursing profession globally. This finding is consistent with Adeleke (2010), who reported that nursing
in Nigeria remains a female-dominated profession. The predominance of female nurses may have implications for career
progression, particularly where family commitments, marital responsibilities, and geographical mobility influence decisions
regarding enrolment into specialty programmes. Adeleke (2010) further observed that competing family responsibilities and
gender-related challenges may limit opportunities for professional advancement among nurses.!

Furthermore, approximately 90% of the respondents were married. This finding suggests that family obligations may
influence decisions regarding postgraduate education and specialty training, particularly where such programmes require
relocation or prolonged periods of study."!® Similar observations have been reported by Haron (2014), who identified family
responsibilities as one of the factors influencing nurses' career choices and professional development.*

With respect to years of service, the respondents had a mean duration of service of 20.5 years, indicating that the majority
were moderately to highly experienced nurses with considerable clinical exposure. Such experience may contribute to better
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appreciation of specialty nursing roles and the importance of professional development. Experienced nurses are generally
more capable of evaluating career opportunities based on professional autonomy, job satisfaction, and long-term career
prospects.>10

Overall, the socio-demographic profile of the respondents suggests a mature and experienced nursing workforce with
substantial potential for specialization. However, personal and structural factors, including marital responsibilities and
accessibility of training institutions, may influence the decision to enroll in specialty programmes such as nursing
anaesthesia.!?

Respondents Knowledge of nursing anaesthesia programme

This study demonstrated a high level of awareness of the nursing anaesthesia programme among staff nurses. Specifically,
92.0% of respondents correctly identified nursing anaesthesia as a recognized nursing specialty, indicating substantial
awareness of the programme. Nevertheless, gaps remained in respondents' understanding of the specific roles and
responsibilities of nurse anaesthetists, suggesting that general awareness does not necessarily translate into comprehensive
knowledge of the specialty.

The findings are consistent with previous reports indicating that nurses are increasingly aware of specialty nursing
programmes but often have limited understanding of their scope of practice and professional responsibilities.1 Similarly,
the American Association of Nurse Anesthetists emphasized that continuous professional education and role clarification
are essential for strengthening nurses' understanding of the specialty and promoting professional identity.”8° The observed
knowledge gaps may therefore reflect limited exposure to structured information regarding the educational requirements,
scope of practice, and career opportunities available in nursing anaesthesia>>

The significant association observed between age and awareness further suggests that awareness of the nursing anaesthesia
programme increases with professional maturity and clinical experience. Older nurses are more likely to have participated
in continuing professional development activities and to have interacted with nurse anaesthetists in clinical practice, thereby
increasing their awareness of the specialty. This finding is consistent with previous studies that identified professional
experience as an important determinant of awareness of specialty nursing programmes and opportunities for career
advancement.!®

The findings also lend support to the Theory of Cognitive Dissonance, which proposes that acquisition of new knowledge
can influence attitudes and subsequent behaviour by reducing inconsistencies between existing beliefs and newly acquired
information.?? Consequently, improving nurses' knowledge of the nursing anaesthesia programme through continuing
professional education, seminars, workshops, and institutional awareness campaigns may enhance positive perceptions of
the specialty and encourage greater interest in enrollment.!?

Discussion of Hypothesis One

The first hypothesis examined the relationship between respondents' age and their level of awareness of the nursing
anaesthesia programme. The Chi-square analysis demonstrated a statistically significant relationship between age and
awareness among staff nurses at the University of Ilorin Teaching Hospital (x? = 30.12, df =9, p <0.05). Since the calculated
Chi-square value exceeded the critical value, the null hypothesis was rejected, while the alternative hypothesis was accepted.

The finding suggests that respondents' age significantly influenced their level of awareness of the nursing anaesthesia
programme. Older and more experienced nurses are likely to have had greater exposure to professional practice, continuing
education activities, and interactions with nurse anaesthetists, thereby enhancing their awareness of the specialty.
Conversely, younger nurses may have had fewer opportunities for such exposure.

This finding is consistent with previous studies, which reported that professional experience and years of service contribute
significantly to nurses' awareness of specialty nursing programmes and opportunities for career advancement.1,5. The
implication is that awareness programmes should target nurses across all age groups, particularly those in the early stages

of their careers, to facilitate informed career decisions and encourage enrollment in the nursing anaesthesia programme. #1013
16
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Respondents attitude towards nursing anaesthesia programme

Respondents demonstrated a positive attitude towards the nursing anaesthesia programme, with 88.1% expressing a
favourable attitude and willingness to enroll in the programme. Furthermore, respondents perceived the programme as
providing opportunities for professional advancement, greater professional autonomy through independent and
collaborative practice, and improved remuneration. These findings suggest that nurses recognize nursing anaesthesia as a
viable career pathway with substantial professional and economic benefits.

The positive attitude observed in this study is consistent with previous findings that nurses generally exhibit favourable
attitudes towards professional development and specialization when opportunities for career advancement, job satisfaction,
and professional recognition are evident.4,5. Similarly, improved professional autonomy and expanded clinical
responsibilities have been identified as important factors that enhance nurses' motivation to pursue advanced specialty
training.'>'® The high level of willingness to enroll observed in the present study may therefore reflect respondents'
recognition of the professional and financial advantages associated with the nursing anaesthesia programme.*

Despite the favourable attitude, enrollment in the nursing anaesthesia programme remains relatively low, suggesting that
positive attitudes alone may not translate into actual enrollment. This disparity indicates that external barriers, including
financial constraints, limited training opportunities, and accessibility challenges, may hinder nurses from pursuing the
programme despite their willingness. Similar observations have been reported in previous studies, which identified
institutional and financial barriers as significant obstacles to professional advancement among nurses 21215

Hypothesis Two

The second hypothesis examined the relationship between gender and willingness to enroll in the nursing anaesthesia
programme. Chi-square analysis revealed no statistically significant relationship between gender and willingness to enroll
(x2=6.82, df =6, p>0.05). Consequently, the null hypothesis was accepted, indicating that willingness to pursue the nursing
anaesthesia programme did not differ significantly between male and female nurses.

This finding suggests that gender was not a determining factor in respondents' willingness to specialize in nursing
anaesthesia, as both male and female nurses expressed comparable levels of interest in the programme. The favourable
attitude and willingness to enroll observed among respondents appear to be influenced more by perceived professional
benefits, career advancement opportunities, increased autonomy, anticipated job satisfaction, and improved remuneration
than by gender. This indicates that both male and female nurses are equally receptive to pursuing the nursing anaesthesia
programme when enabling conditions are available.

The finding is consistent with previous studies, which reported that career decisions among nurses are primarily influenced
by professional aspirations, institutional support, and opportunities for advancement rather than gender. Although the
nursing profession remains predominantly female, willingness to pursue specialty training depends more on the availability
of supportive policies, financial assistance, flexible training opportunities, and institutional support than on demographic
characteristics.! 61216

The findings also support the Theory of Operant Conditioning, which proposes that behaviour is influenced by its
consequences.6 The positive attitudes demonstrated by respondents may be explained by the anticipated rewards associated
with specialization, including professional advancement, increased autonomy, enhanced remuneration, and greater job
satisfaction. These anticipated outcomes serve as positive reinforcers that can motivate nurses to pursue specialty training
in nursing anaesthesia.t?

The implication of this finding is that interventions aimed at increasing enrollment in the nursing anaesthesia programme
should not be gender specific. Instead, efforts should focus on addressing modifiable structural and institutional barriers,
including financial constraints, limited training capacity, inadequate awareness of the specialty, and restricted access to
accredited training institutions. Addressing these barriers is more likely to improve enrollment among both male and female
nurses than interventions based on gender differences.2'216

Reasons for Low Enrollment in the Nursing Anaesthesia Programme

Although respondents demonstrated a favourable attitude and willingness to enroll in the nursing anaesthesia programme,
several barriers were identified that may limit actual enrollment. Financial constraints emerged as the most frequently
reported barrier, followed by lack of flexible entry pathways, distance to training institutions, and family-related
responsibilities. These findings suggest that economic and structural challenges are the primary factors limiting nurses'
participation in the programme.!21
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The prominence of financial constraints indicates that the cost of tuition, accommodation, transportation, and other training-
related expenses may discourage nurses from pursuing specialization in nursing anaesthesia. Similar findings have been
reported among nurses undertaking advanced professional education, where inadequate financial support and limited
sponsorship opportunities were identified as major barriers to career progression.’2The findings also align with reports from
the World Health Organization, which recognized inadequate investment in health workforce education and training as a
significant challenge to strengthening the anaesthesia workforce in low-resource settings.!?

The identification of limited entry pathways and the geographical location of training institutions further highlight the
influence of institutional accessibility on enrollment decisions. Restricted availability of training centres may increase the
financial and logistical burden associated with specialty education, thereby reducing participation. Comparable findings
have been reported in studies demonstrating that the availability and geographical distribution of training institutions
influence the production and retention of specialist nurses and anaesthesia providers.24131415 Similarly, evidence from Ghana
showed that the location of nurse anaesthesia training schools significantly influenced the distribution of trained nurse
anaesthetists across the country, with specialists more likely to practice in areas where training opportunities were
available.?”

Family-related responsibilities also emerged as an important consideration, suggesting that personal obligations may
influence nurses' decisions to pursue specialty training. Balancing work commitments, family responsibilities, and academic
demands may present additional challenges, particularly where programmes require relocation or prolonged periods of full-
time study. Previous studies have similarly reported that personal and family responsibilities influence nurses' decisions
regarding postgraduate education and professional specialization.!*>

In addition to these barriers, respondents identified preference for locally available specialty programmes, limited
understanding of the roles and responsibilities of nurse anaesthetists, misinformation about the specialty, and lack of interest
as factors contributing to the low enrollment in the nursing anaesthesia programme. These findings indicate that enrollment
is influenced not only by financial and structural barriers but also by knowledge and perception of the specialty. Similar
observations have been reported, with career choice among nurses being influenced by programme accessibility, perceived
career prospects, and understanding of specialty roles.*1° Collectively, these findings suggest that improving enrollment will
require interventions that address both structural barriers and educational gaps through increased investment in training
capacity, financial support, and sustained professional awareness programmes.

Suggestions for Improving Enrollment in the Nursing Anaesthesia Programme

Respondents expressed strong support for several strategies aimed at improving enrollment in the nursing anaesthesia
programme. The findings indicate that expanding training institutions, upgrading the programme to a master's degree,
providing financial support, increasing clinical exposure to the specialty, and strengthening mentorship were perceived as
effective approaches for enhancing enrollment.? These findings suggest that respondents recognized the need for
institutional and policy reforms to improve access to specialty training.12!3

The strong support for expanding training institutions reflects the need to improve geographical access to the programme
and reduce barriers associated with the limited availability of training centres. This finding is consistent with
recommendations by the World Health Organization, which emphasized the expansion of training capacity as a key strategy
for strengthening the surgical and anaesthesia workforce, particularly in low- and middle-income countries.2 Similarly, the
Global Surgery 2030 Commission recommended increased investment in specialist health workforce education to improve
access to safe surgical and anaesthesia services.!?

Respondents also supported upgrading the nursing anaesthesia programme to a master's degree, suggesting that academic
advancement and enhanced professional recognition could increase the attractiveness of the specialty. Higher educational
qualifications are widely recognized as important drivers of career progression, professional autonomy, and leadership
opportunities within the nursing profession. This finding is consistent with previous studies that reported that opportunities
for academic and professional advancement positively influence nurses' decisions to pursue specialty education*1415

Financial assistance through scholarships, sponsorships, and institutional support was also identified as an important
strategy for improving enrollment. This finding reinforces the observation that financial barriers remain a significant
obstacle to specialty training and suggests that reducing the economic burden of education could increase participation in
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the programme. Similar recommendations have been made by previous studies advocating increased investment in nursing
education and workforce development to address shortages of specialist healthcare professionals.21718

Furthermore, respondents recognized clinical exposure and mentorship by practising nurse anaesthetists as important
strategies for stimulating interest in the specialty. Increased exposure during clinical practice may improve understanding
of the roles and responsibilities of nurse anaesthetists, thereby correct misconceptions and fostering informed career
decisions. These findings support the Theory of Operant Conditioning, which proposes that behaviour is influenced by
positive reinforcement.>¢ Institutional support, mentorship, professional recognition, and financial incentives may therefore
serve as positive reinforcers that encourage nurses to pursue specialization in nursing anaesthesia.241213

Interestingly, respondents did not support restricting access to other nursing specialty programmes as a strategy for
increasing enrollment in nursing anaesthesia. This finding suggests that nurses favour policies that expand educational
opportunities rather than those that limit professional choices. Consequently, interventions aimed at improving enrollment
should focus on creating enabling environments through policy support, increased training opportunities, and financial
assistance rather than restricting access to alternative specialties.2511.12

CONCLUSION

This study demonstrated that staff nurses at the University of Ilorin Teaching Hospital had a high level of awareness and a
positive attitude towards the nursing anaesthesia programme. Respondents recognized the programme as an important
pathway for professional advancement, increased autonomy, and improved remuneration. Despite these favourable
perceptions, enrollment into the programme remains low because of financial constraints, limited training opportunities,
inflexible entry pathways, geographical inaccessibility of training institutions, and misconceptions regarding the specialty.
Addressing these barriers through institutional support, policy reforms, and improved access to training may enhance
enrollment and contribute to the development of the nursing anaesthesia workforce in Nigeria.

IMPLICATIONS FOR NURSING PRACTICE AND POLICY

The findings have important implications for nursing education, workforce planning, and health policy. The positive
attitude demonstrated by respondents indicates that nurses are receptive to specialization in nursing anaesthesia when
appropriate support systems are available. Expanding training institutions, strengthening continuing professional
education, improving awareness of the roles of nurse anaesthetists, and providing financial support through scholarships
and sponsorship programmes may increase enrollment into the programme. These interventions could contribute to
addressing the shortage of nurse anaesthetists and strengthening the capacity of the healthcare system to provide safe
anaesthesia services.

STUDY LIMITATIONS

This study has some limitations that should be considered when interpreting the findings. The study was conducted in a
single tertiary healthcare institution, which may limit the generalizability of the findings to other healthcare settings in
Nigeria. In addition, a pilot study was not conducted before the main survey, which may have contributed to the relatively
low internal consistency observed in some domains of the questionnaire, particularly the knowledge scale. Future studies
should validate the instrument through pilot testing and include a larger and more diverse sample drawn from multiple
institutions. The questionnaires were disseminated in Google forms via WhatsApp and telegram platform to the
respondents, due to restrictive movement from COVID 19 pandemic and it may have introduced selection bias and
consequently limited the generalizability of the findings to the entire nursing population. The use of different response
formats within the same section introduced some measurement inconsistency and could limit the instrument's applicability
in similar studies. Some sections also show poor construct in the questionnaires which contributed to the low internal
consistency.

RECOMMENDATIONS

Based on the findings of this study, it is recommended that healthcare institutions, nursing regulatory bodies, and
policymakers should strengthen awareness programmes on the nursing anaesthesia specialty through continuing
professional education, seminars, and workshops. Financial support mechanisms, including scholarships, sponsorships, and
study leave, should be implemented to reduce barriers to specialty training. The number and geographical distribution of
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nursing anaesthesia training institutions should be expanded to improve accessibility, while consideration should be given
to upgrading the programme to the master's degree level to enhance professional recognition and career progression. Future
research should involve multicentre studies with larger sample sizes and psychometrically validated instruments to provide
more robust evidence on factors influencing enrollment in the nursing anaesthesia programme.
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intraoperative hypotension, which occurs due to sympathetic vasomotor blockade, venous
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Results: Factors associated with hypotension following spinal anesthesia can be grouped
OR access this Article into patient-, procedure-, and drug-related factors. Patient factors include pregnancy, age,

intravascular volume, and cardiac disease. Procedural factors include block height, local
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E anesthetic dose, speed of injection, and positioning. Drug-related factors include the type

. of local anesthetic, vasoconstrictors, and adjuncts. Controlled crystalloid (electrolyte) fluid
. co-loading and early use of vasopressors, particularly phenylephrine or norepinephrine,
are effective strategies for prevention. Continuous non-invasive hemodynamic monitoring

can facilitate early identification of hemodynamic disturbances and support an

appropriate response. The effects of spinal anesthesia-induced hypotension may be

greatly reduced through appropriate management.

Conclusion: Spinal anesthesia may cause hypotension primarily due to sympathetic
blockade. Recognition of relevant patient-, procedural-, and drug-related factors, together
with appropriate fluid management, early vasopressor use, and hemodynamic
monitoring, can support its prevention and management.

Keywords: Anesthesia, Spinal; Hypotension; Blood Pressure; Perioperative Care; Bradycardia;
Hemodynamics; Patient Positioning; Fluid Therapy

INTRODUCTION

Overview of spinal anesthesia

The major advantage of spinal anesthesia (SA) is that it provides an adequate sensory, motor, and sympathetic nerve block,
which has led to its widespread adoption as a regional anesthesia technique. (J.-K. Lee, Park, Hyun, Hodel, & Hausmann,
2021). Spinal anesthesia has a rapid onset of action, predictable block properties, and avoids airway manipulation, making
it an appealing option for surgeries performed on the lower abdomen, pelvis, perianal, and lower extremity areas.
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Furthermore, spinal anesthesia has several benefits over general anesthesia, such as a reduction in postoperative pain, blood
loss, and the incidence of thromboembolic complications (Schubert, Wiesmann, Wulf, & Dinges, 2023).

NICE guidelines recommend that neuraxial anesthetic be offered for cesarean section. Local anesthetics like bupivacaine,
ropivacaine, or lidocaine are given into the subarachnoid space. Analgesics with a longer duration of action, like opioids
(e.g., fentanyl or morphine), might be used to extend the duration of the action. The sensory blockade level needed is around
T10 for vaginal delivery and T4 for cesarean delivery (Watson, Richardson, & Lucas, 2022).

Significant hemodynamic changes occur with spinal anesthesia, such as sympathetic blockade, hypotension, and
bradycardia. Regional anesthesia has been found to have certain benefits over general anesthesia, such as maintenance of
consciousness and spontaneous respiration during delivery, which results in fewer pulmonary complications and faster
recovery after delivery (Finsterwald et al., 2018). Patients also go through the perioperative pathway quicker and discharge
from the hospital earlier (Watters, Scott, Sammour, Harris, & Ludbrook, 2024).

Hypotension is most commonly defined as a decrease in systolic blood pressure (SBP) to <80% of baseline or an absolute
SBP <100 mmHg (Chaithra, 2018). However, definitions vary across studies; a survey of UK obstetric anesthetists found that
most consider hypotension to be an SBP <100 mmHg or <90 mmHg (Ferré et al., 2020). For the purposes of this review, we
adopt the definition of SBP <80% of baseline or <100 mmHg, acknowledging the variation in definitions reported in the
literature. Acute hypotension may lead to brainstem ischemia and stimulate the vomiting centers (Ferré et al., 2020).

The most common and clinically significant side effect of spinal anesthesia is hypotension. When left untreated, it may result
in inadequate tissue perfusion, organ hypoxia, and ischemia. In risk groups, such as pregnant women, older people, and
patients with pre-existing cardiovascular disease (CVD), even small changes in blood pressure are significant (Ferré et al.,
2020). The use of obstetric anesthesia, which results in poor maternal blood pressure, can lead to poor uterine and placental
blood flow, fetal distress, and acidosis. Other complications of intraoperative hypotension include cardiac ischemic events,
acute kidney injury, and postsurgical cognitive impairment. So prevention and management are crucial (Pirenne, Dewinter,
& Van de Velde, 2023).

Hypotension in association with spinal anesthesia is caused by sympathetic blockade, which causes venous and arterial
dilation (Ferré et al., 2020). Sympathetic blockade leads to venous pooling in the lower extremities and splanchnic circulation,
which decreases venous return, thus decreasing cardiac output. Loss of vasomotor tone also occurs in the arteries and
decreases systemic vascular resistance. A sympathetic block can progress to cardiac accelerator fibers (T1-T4), causing
bradycardia (Padberg, 2024) (Figure 1).

Spinal anesthesia also weakens the baroreceptor reflex, and therefore the responses to hypotension will be decreased.
Hypotension depends on the level of the block, local anesthetic dose, type of local anesthetic, and patient factors such as age,
baseline autonomic tone, and intravascular volume status (Dong et al., 2024).
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Pathophysiology of Hypotension During Spinal Anesthesia
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Figure 1. Mechanism of hypotension that occurs during spinal anesthesia

(Spinal anesthesia will block sympathetic nerve fibers (T1-L2), which will lead to vasodilation of the arteries and veins. This
causes a decrease in systemic vascular resistance, increased venous pooling, decreased venous return (preload), and
decreased stroke volume and cardiac output, leading to hypotension).

Source: Authors’ original creation

METHODOLOGY

A narrative review was performed to consolidate the existing evidence for preventing and treating hypotension during
spinal anesthesia. A systematic literature search was performed to identify articles published in the last five years (2015-
2026) on PubMed, Scopus, and Google Scholar. The search terms utilized included combinations of the following: “spinal
anesthesia”, “hypotension”, “prevention”, “management”’, “vasopressors”’, “fluid therapy”, and “hemodynamic
monitoring” with the use of “Boolean” operators (AND, OR) as appropriate. A total of 87 records were retrieved from the
database. The titles and abstracts were assessed for specific inclusion criteria. The full text of articles that may have been
eligible were evaluated. In addition, by hand searching the reference lists of included articles, additional relevant articles
were identified that were not included in the database search. This process provided an all-encompassing search strategy
that was both comprehensive and repeatable for a narrative review.

A total of 87 articles were retrieved after searching the databases. Following title and abstract screening, 62 papers were
discarded for failure to meet the criteria for inclusion (such as non-English articles, conference abstracts, opinion papers,
etc., or articles not directly related to spinal anesthesia induced hypotension). The other 25 articles were assessed for full text
review. Of these, 7 were omitted due to inadequate data, or due to duplication, or they did not seem to be relevant. The
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number of articles retrieved from the database was 18. Another 27 articles were found by hand searching the reference lists
of the included articles. There were 45 articles included in this narrative review.

LITERATURE REVIEW

Co-loading is shown to be effective in preventing spinal anesthesia-induced hypotension. A 2020 randomised controlled
trial (RCT) showed that the incidence of hypotension was higher in crystalloid preloading than co-loading group. Pre-
loading compared with co-loading for preventing post-spinal hypotension during cesarean section in 2024 showed a
reduction in the prevalence of hypotension in co-loaded group. Saeed and colleagues found that co-loading was associated
with the increased mean SBP 10 minutes (p <0.01) and 15 minutes (p < 0.01) post induction (Saeed et al., 2024).

The use of vasopressors has undergone a considerable change in the last 20 years. Burns et al. (2001) polled consultant
obstetric anesthetists in the UK and discovered that 87.1% gave fluids prior to spinal anesthesia and 95.2% only used
ephedrine. In 2021, however, a review was conducted, and it was found that women undergoing cesarean section should
receive prophylactic vasopressors; phenylephrine is suggested as the first-line drug (Heesen et al., 2021). In a 2019 systematic
review, phenylephrine has been shown to improve maternal nausea and vomiting and to achieve better neonatal acid-base
status than ephedrine (Xu, Shen, Liu, Yang, & Wang, 2019).

Ondansetron has been found to be a helpful prophylactic agent. A 2020 study titled "Intravenous ondansetron to prevent
hypotension during cesarean delivery under spinal anesthesia" showed that the incidence of hypotension and the use of
vasopressors were decreased after taking ondansetron as a prophylactic. A meta-analysis of 2018 confirmed ondansetron's
efficacy and reported that ondansetron decreased the ED50 of phenylephrine by 26% (Xiao et al., 2020).

Mechanical interventions also help to prevent spinal anesthesia-induced hypotension. In a study published in 2024, "Effect
of pneumatic leg compression on phenylephrine dose for preventing spinal-induced hypotension at cesarean delivery,"
pneumatically compressed legs resulted in fewer episodes of hypotension and reduced phenylephrine requirements. A 2014
RCT in elderly patients showed that prophylactic use of glycopyrrolate significantly decreased hypotension from 70% to
27% (p=0.001). However, a recent meta-analysis from 2018 revealed that preemptive glycopyrrolate failed to overall decrease
the incidence of hypotension during cesarean delivery but did reduce the requirement for vasopressors (Xiao et al., 2020).

Evidence has been synthesized through comprehensive reviews. The literature gaps were identified in a 2017 review
published in “Post-spinal anesthesia hypotension during cesarean delivery, a comprehensive review.” In a 2020 review, the
authors “Preventing and treating hypotension during caesarean section under spinal anesthetic: What is current evidence-
based practice?” reviewed the evidence-based techniques (Hasanin, Mokhtar, Badawy, & Fouad, 2017).

MECHANISM OF HYPOTENSION IN SPINAL ANESTHESIA

Sympathetic blockade & vasodilation

Sympathetic blockade is the main cause of hypotension with spinal anesthesia. When efferent sympathetic fibers between
T1 and L2 are blocked, there is a lack of vasomotor response in arterial and venous systems (Lee et al., 2017). Arteriolar
dilation reduces systemic vascular resistance (SVR), which results in a fall in mean arterial pressure (MAP). Capacitance is
increased, which results in blood pooling and reduced preload, in lower limb veins and splanchnic veins. Hypotension
severity increases with higher spinal block levels; sympathetic blockade typically extends two to six dermatomes above the
sensory block level (Tas, Kelleci, Umuroglu, & Abdullayev, 2026).

Maternal symptoms of severe hypoperfusion include nausea, vomiting, dyspnea, and decreased cooperation. Fetal
complications include low Apgar scores and umbilical cord acidosis. If the hypotension is severe, it can lead to permanent
neurological damage in the child (Patel & Ninave, 2024).

Left ventricle afterload reduction leads to decreased venous return & cardiac output

Vasodilation and blood pooling reduce venous return to the right atrium. Through the Frank-Starling mechanism, decreased
venous return reduces end-diastolic volume and stroke volume, proportionally decreasing cardiac output. If higher thoracic
levels (T1-T4) are blocked, cardiac accelerator fibers are inhibited, causing bradycardia and further reducing cardiac output
(Patel & Ninave, 2024). If untreated, this can result in cardiovascular collapse (Yu, Gu, Liao, & Feng, 2021).
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Role of the baroreceptor reflex

If blood pressure drops, the baroreceptor reflex is activated, leading to an increase in HR and vasoconstriction of the
peripheral circulation. However, sympathetic efferent pathways involved in this compensation are suppressed during spinal
anesthesia, diminishing the body's compensatory response to hypotension (Khan & Paliwal, 2026).

In healthy parturients under spinal anesthetic, systemic vascular resistance decreases because of dilation of smaller
arteries(Lertkovit & Nivatpumin, 2022).Normally, baroreceptor activation increases heart rate and stroke volume; however,
if the block reaches the cervical region, reflex tachycardia is inhibited, further contributing to hypotension (Kondo, Hirose,
Maeda, Yoshino, & Suzuki, 2019).

FACTORS THAT INCREASE THE RISK OF HYPOTENSION
Patient-Related Factors
Multiple patient parameters affect the probability and severity of hypotension (Masha, Lorato, Amsalu, & Markos, 2025).
Compensatory ability is reduced in elderly patients due to their lower baseline sympathetic tone, decreased baroreceptor
sensitivity, and limited cardiovascular reserve. The risk of hypotension is increased during pregnancy due to physiological
vasodilation, redistribution of blood volume, and aortocaval compression from the enlarged uterus.
Comorbidities such as diabetes, hypertension, and cardiovascular disease affect autonomic nervous system response and
vascular compliance, which can raise the risk for hypotension.
Hypovolemia or Dehydration: In hypovolemic patients, even minimal sympathetic blockade causes dramatic blood pressure
changes due to reduced preload. Bradycardia and hypotension may be exacerbated in patients on beta-blockers or
antihypertensives.

Procedure-Related Factors

The hemodynamic outcomes are significantly affected by technical aspects of spinal anesthesia (Finsterwald et al., 2018).
Higher block levels induce more vasodilation and hypotension.

Local Anesthetic Dose: Higher volumes and doses increase sympathetic inhibition and cephalic spread (Lee et al., 2017).
Injection Speed: The speed of intrathecal injection may influence the spread and uniformity of the block, although evidence
remains limited (Lee et al., 2017).

Block distribution is influenced by patient positioning such as supine or Trendelenburg position. The positioning, seated or
head up, may improve venous pooling. Left uterine displacement is important to prevent aortocaval compression during
pregnancy (Lee et al., 2017).

Drug-Related Factors

Local Anesthetic Type: Bupivacaine and tetracaine have a longer duration of hypotension than lidocaine because of the
longer half-life and greater lipid solubility (Whizar-Lugo, ffiiguez-Lépez, Cardenas-Maytorena, & Ramirez-Puerta, 2020).
Increased Risk of Hypotension with Use of Adjuncts: Opioids and clonidine may enhance sympathetic and sensory block,
which may lead to an increased risk of hypotension. Preoperative vasodilators or sedatives also require careful monitoring.

CLINICAL MANIFESTATIONS & DIAGNOSIS
Signs & Symptoms
Clinical presentation is characterized by nausea, vomiting, dizziness, blurring of vision, lightheadedness, or fainting.
Cutaneous symptoms are cold, pale, clammy skin or delayed capillary refill. Hypotension can be accompanied by
bradycardia due to the inhibitory action of cardiac accelerator fibers (T1-T4). Severe forms can lead to changes in mental
state, restlessness, confusion, or even loss of consciousness. In obstetric patients, maternal hypotension can cause decreased
placental blood flow, with decreased baseline fetal heart rate variability as a sign of fetal distress (Ferré et al., 2020).

Hemodynamic Monitoring

Non-invasive blood pressure (NIBP) should be checked every 2-3 minutes after spinal anesthesia. Continuous Arterial Blood
Pressure (ABP) monitoring using an arterial line gives beat-to-beat information for high-risk patients. ECG is used to detect
bradycardia or arrhythmia. During labor and delivery, fetal heart rate monitoring is standard (Pinsky et al., 2022).

Importance of Early Recognition
Hypotension progresses rapidly. Early detection reduces maternal and fetal morbidity and end-organ hypoperfusion by
enabling timely fluid administration, vasopressor therapy, and repositioning (Ferré et al., 2020).
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PREVENTION & MANAGEMENT STRATEGIES
Pre-loading & co-loading with fluids
The risk of hypotension can be decreased by administering intravenous fluids before (preloading) or during (co-loading)
spinal anesthesia. Intravenous crystalloids (Ringer's Lactate, Hartmann's Solution, and Normal Saline) and colloids
(Hydroxyethyl Starch and Gelatins) help to expand blood volume and increase venous return, which compensates for
vasodilation caused by sympathetic blockade (Saeed et al., 2024).

Crystalloids vs Colloids

Crystalloids (Lactated Ringer's, Normal Saline) are readily available and inexpensive but are rapidly absorbed. After 20-30
minutes, only 20-25% of the crystalloid is still in the intravascular compartment. A colloid will also stay in the blood longer
because it has a higher oncotic pressure, such as hydroxyethyl starch and gelatins (Shang et al., 2021). Colloids are, however,
associated with a risk of anaphylaxis, coagulation problems, and renal dysfunction, so they are not used in obstetric
anesthesia. The most common fluid type used is still “crystalloids.”

Preloading with crystalloids is no longer recommended as it is ineffective. Colloid preloading or rapid colloid co-loading
helps to significantly reduce maternal hypotension and vasopressor requirements. Crystalloid co-loading is more effective,
safer, and less expensive than the use of colloid co-loading. In pre-eclampsia, fluid loading should be optimized to avoid
overload(Shang et al., 2021).

Pre-load vs. Co-load

Crystalloid preloading (500-1500 mL) is of no benefit, as crystalloids rapidly redistribute. Evidence indicates that 20 mL/kg
Ringer’s lactate administered during spinal injection (co-load) provides greater benefit than the same volume given as a
preload over 20 minutes (Hunie et al., 2022).

Generally, hemodynamic stability is maintained with crystalloid (500-1000 mL) or colloid fluids. Whether as pre-load or co-
load, colloids offer versatility at any point in time. Different strategies should be used to address individual fluid
requirement (Uzun Saritas & Yelken, 2023).

Optimal Volume

The initial number of crystalloids in non-obstetric patients is usually 10-15 mL/kg with consideration of the patient's baseline
hydration status and cardiovascular condition. Elderly patients and those with reduced cardiac reserve require more
judicious fluid management to avoid pulmonary edema. Fluid therapy alone or in combination with pharmacologic therapy
results in an optimal outcome (Salimi & Fardelmann, 2025).

Pharmacological Management
The main class of drugs used to maintain cardiac output and re-establish systemic vascular resistance (SVR) include
vasopressors (O'Neill & Helwig, 2016).

Vasopressors

Ephedrine is a mixed a- and (-adrenergic agonist that causes an increase in heart rate, myocardial contractility, and
peripheral vascular tone. It is given as a 5-10 mg IV bolus. Phenylephrine provides better fetal acid-base outcomes (Xu et al.,
2019) and has historically been preferred in obstetric anesthesia.

Phenylephrine is a pure alpha-1 vasoconstricting agent. Typical doses include 50-100 mcg bolus intravenously or 25-50
mcg/min infusion. It may cause reflex bradycardia, especially with high block levels. Norepinephrine is increasingly used
in obstetric anesthesia. It has a less bradycardic effect than phenylephrine due to its al-mediated vasoconstriction and mild
1 agonism. Infusion rates of 2-6 pg/min are commonly used. Recent randomized trials have demonstrated an association
of norepinephrine with better maintenance of maternal cardiac output (Mohta, 2023).

Currently, phenylephrine is recommended as the vasoconstrictor of choice during hypotension induced by spinal anesthesia.
Ephedrine might still be suitable in some patient groups (Mets, 2016).

Phenylephrine administered immediately after intrathecal injection is more effective in preventing hypotension than waiting
until SBP drops. Variable-rate infusion provides better hemodynamic stability than fixed-rate or intermittent boluses (Meena
& Sathyanarayana, 2021). Closed-loop computer-controlled infusions achieve tighter control of blood pressure than manual
infusions. Norepinephrine 0.07-0.08 ug/kg/min appears adequate to prevent spinal anesthesia-induced hypotension (Kee,
Tam, Khaw, Ng, & Lee, 2017).Additional studies are required before norepinephrine can be considered superior to
phenylephrine.
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Anticholinergic Agents

For acute symptomatic bradycardia due to severe sympathetic blockade, atropine (0.5 mg IV) is used. Glycopyrrolate (0.2
mg IV) is the preferred drug in obstetric patients due to minimal placental transfer. These agents do not affect the level of
arterial blood pressure directly(Patel, Habib, Phillips, Carvalho, & Sultan, 2018). Routine atropine prophylaxis is not advised.
Atropine, at low doses (around 5 ug/kg), can have a beneficial effect on certain patients with low baseline heart rate
(Pramadika et al., 2025).

Other Adjunct Agents

Ondansetron (4-8 mg V) is a 5-HT3 receptor blocker that antagonizes the Bezold-Jarisch reflex and therefore is useful for
reducing spinal anesthesia-induced bradycardia and hypotension. This is particularly helpful when it comes to cesarean
section. Intermittent bolus doses are not recommended, and continuous infusion of vasopressors is encouraged (Stampfl &
DeBlieux, 2024).

Non-Pharmacological Management

Patient positioning, leg elevation, and the compression of the lower extremity improve venous return. These interventions
help to decrease the severity of hypotension when combined with fluid and vasopressor therapy(Noffsinger,
2022).Combined leg elevation >30° and elastic compression are associated with a significant decrease in the incidence of
post-spinal hypotension (18% vs. 53%, P=0.004). Leg wrapping alone effectively reduces hypotension and vasopressor
requirements.

Mild Trendelenburg positioning (10-15 degrees) may increase central venous pressure but risks upward block dispersion.
In pregnant women, left uterine displacement helps reduce aortocaval compression and mitigate hypotension (Lee et al.,
2017). Non-pharmacological measures alone cannot fully prevent hypotension (Noffsinger, 2022):

1. Fluid co-loading

2. Prophylactic vasopressor infusion

3. Optimal patient positioning

DISCUSSION

Comparison of preventative & management strategies

Prevention and treatment for spinal anesthesia-induced hypotension require a multimodal approach. Generally, single-
modality treatment is ineffective. Fluid preloading is not effective because of rapid crystalloid redistribution. Co-loading
with fluids, in combination with intrathecal administration, provides intravascular expansion. Prophylactic continuous
vasopressor infusion prophylaxis provides greater hemodynamic stability than reactive bolus administration. Non-
pharmacological methods such as leg elevation and left uterine tilt provide supportive benefits (Noffsinger, 2022).

Most effective evidence-based approaches

Evidence is consistent with the use of combined crystalloid co-loading and IV phenylephrine infusion as standard of care in
preventing hypotension during obstetric procedures under spinal anesthesia (Heesen et al.,, 2021). Given its favorable
balance of maintaining maternal cardiac output and comparatively less reflex bradycardia, norepinephrine IV infusion is a
potential first-line agent in obstetric anesthesia. The recommendation for vasopressors in non-obstetric patients (such as
those with orthopedic, urologic or general surgery) depends on the underlying physiology, comorbidities, and
hemodynamic goals. Results from obstetric studies might not be directly transferable to these populations and additional
studies are required. However, fluid management needs to be more careful about elderly patients and for those with lower
cardiac reserve to prevent pulmonary edema (Lee et al., 2017).

LIMITATIONS AND GAPS IN THE CURRENT EVIDENCE

Significant gaps remain. There is a considerable variation and trials uncertainty in optimal dosing, especially norepinephrine
infusions. There are relatively few high-quality trials of elderly or high-risk cardiovascular patients. The majority of the data
available are from cesarean delivery studies. The results of this review have been derived from obstetric evidence and
therefore may not be directly applicable to other populations, including orthopedic, urologic, and general surgery patients
and elderly and high-risk cardiac patients. Further research in these populations is needed. Long-term cognitive outcomes
of intraoperative hypotension also require further research. The risk-benefit ratio of colloids remains to be determined.
Individualized hemodynamic plans and real-time monitoring of cardiac output should be a topic of future research.
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CONCLUSION

Spinal anesthesia is a very common regional anesthesia method because of its rapid onset, effective analgesia and avoidance
of any manipulation of the airways. Hypotension (caused by sympathetic blockade, venous pooling, decreased cardiac
output, and lack of compensatory mechanisms) is the most common and clinically relevant side effect (Lee et al., 2017).
Understanding of procedure- and patient-related factors, adequate hydration, prompt application of vasopressors, and non-
pharmacologic supportive measures are important for prevention and treatment.

Importance of prevention & individualized management

The multimodal approach of crystalloid co-loading, the use of appropriate patient positioning, and the use of vasopressors
for early treatment of hypotension provides more benefit than single interventions. The unique characteristics of each
patient's physiology, comorbidities, block height, and surgery type need to be taken into consideration. Older people and
pregnant women should be treated as a priority, as they have less physiological reserve and are at increased risk of adverse
effects associated with hypotension.

FUTURE DIRECTIONS AND CLINICAL IMPLICATIONS

The increasing number of studies on cardiac output preservation and safety could make norepinephrine a preferred first-
line vasopressor. Precision medicine techniques, dynamic hemodynamic monitoring systems, and evidence outside of
obstetrics are areas of research that should be explored in the future. Increased patient safety, reduced morbidity from
hypotension, and improved perioperative outcomes will result from improved preventive measures.
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ABSTRACT

Background: Large vessel occlusion (LVO) is a major cause of morbidity and mortality in
acute ischemic stroke (AIS) and a common indication for mechanical thrombectomy. Rapid
detection is critical because the benefit of treatment is highly time dependent. Artificial
intelligence (Al)-based imaging systems have emerged as decision-support tools for
automated LVO identification, image prioritisation, and rapid stroke-team notification.

Objective: To critically review current evidence on Al-assisted LVO detection, including
diagnostic accuracy, clinical and workflow implications, commercially available platforms,

editing. barriers to implementation, and future perspectives.
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Results: Al systems demonstrate high diagnostic accuracy for proximal anterior circulation
LVO, with reported sensitivities of 85-97% and specificities above 90%. Clinical
implementation has improved image triage, specialist notification, thrombectomy

activation, and interhospital coordination. However, performance is less consistent for distal

OR access this Article

AR

and posterior circulation occlusions, while heterogeneity in study design, imaging methods,
and outcome measures limits comparisons between platforms. Additional challenges
include false-positive alerts, missed occlusions, limited generalisability, algorithmic bias,
explainability, regulatory oversight, interoperability, and cost.

Conclusion: Al-assisted LVO detection has the potential to improve the speed and
coordination of acute stroke care, particularly for proximal anterior circulation occlusions,

but should augment rather than replace clinician interpretation. Its long-term clinical value

requires prospective multicentre validation, standardised comparative studies, transparent

reporting, and evaluation of patient-centred outcomes.

Keywords: Artificial Intelligence; Large Vessel Occlusion; Acute Ischemic Stroke; Mechanical
Thrombectomy; Computed Tomography Angiography; Stroke Imaging; Clinical Decision Support;
Machine Learning.

INTRODUCTION

Acute ischemic stroke (AIS) is one of the leading causes of death and permanent disability worldwide. The most severe type
is large vessel occlusion (LVO) of major intracranial arteries, such as the intracranial internal carotid artery (ICA), middle
cerebral artery (MCA), basilar artery, and proximal anterior cerebral artery. LVO stroke is associated with larger infarcts,
more neurological deficits, higher mortality and poorer functional outcome, as compared to non-LVO stroke. So, early
diagnosis is important [10]. Mechanical thrombectomy has changed the treatment of patients with LVO. Landmark trials
have demonstrated endovascular thrombectomy (EVT) to be the standard of care for anterior-circulation LVO, with
additional data expanding its use for selected patients beyond typical time frames and for posterior-circulation occlusions.
Since the benefit of EVT diminishes with delays in treatment, early identification and referral of LVO is important [3,4].
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Computed tomography angiography (CTA) imaging is the first-line modality for the detection of arterial occlusion and for
the evaluation of eligibility for EVT . However, increasing imaging volumes, limited neuroradiology knowledge,
interobserver variability and the complexity of regional stroke networks may cause interpretation delays, especially in
primary stroke centers and resource-constrained settings [1,5,10].

One promising answer has come in the form of deep learning, a subfield of artificial intelligence (AI). Modern artificial
intelligence systems can automatically detect LVO on CTA, prioritize urgent testing, identify vascular anomalies, and
immediately report to the stroke teams. Numerous commercial tools are now integrated into clinical stroke workflows to
assist in real time diagnosis and triage [10,11]. Performance in controlled validation tests is promising but doesn't necessarily
translate to ordinary practice. Diagnostic accuracy was affected by occlusion location and image quality, with reduced
accuracy in cases of distal and posterior circulation occlusion. Differences in study design, imaging methods, reference
standards and training datasets further limit the ability to compare algorithms. Challenges for widespread implementation
include false-positive and false-negative results, automated bias, explainability, regulatory and medico-legal issues,
interoperability, cost, and equitable access [1,7,8].

This narrative review summarizes the available evidence on Al-assisted LVO detection in AIS with particular emphasis on
diagnostic performance, algorithmic techniques, workflow integration, commercial platforms and implementation
problems. It highlights the drawbacks of existing systems and the future research objectives for the safe, successful, and
unbiased integration of Al into acute stroke care [1,10].

METHODS

Literature search strategy

A structured literature search was conducted to identify evidence related to the use of artificial intelligence (AI) to support
the detection of large vessel occlusion (LVO) in acute ischemic stroke. We searched PubMed/MEDLINE, Scopus, Web of
Science, Embase, and Google Scholar for studies published in English between January 2015 and June 2026. Reference lists
were searched for relevant articles and recent reviews. The search terms were combinations of artificial intelligence, machine
learning, deep learning, convolutional neural network, vision transformer, large vessel occlusion, acute ischemic stroke,
computed tomography angiography, CTA, mechanical thrombectomy, stroke triage, neuroradiology, workflow
optimization and computer-aided diagnosis with the use of appropriate Boolean operators.

The search retrieved approximately 25 records. After removal of duplicates and screening of titles, abstracts and full texts
13 studies were included in the final narrative review.

Inclusion and exclusion criteria

Eligible publications included original research, prospective and retrospective observational studies, multi-center validation
studies, randomized trials, systematic reviews, meta-analyses, clinical guidelines, consensus statements, and landmark
technical reports. Studies assessing automated LVO detection on CTA or multimodal stroke imaging, diagnostic
performance, external validation, workflow integration, commercial Al platforms, implementation or emerging technologies
were included.

Conference abstracts without full text, case reports, non-English publications, editorials without sufficient evidence, and
studies not related to acute stroke imaging or cerebrovascular occlusion were excluded. Where the study populations
overlapped, the report with the most complete or the most recent information was selected.

Titles and abstracts were screened for relevance and full texts were reviewed. Special emphasis was given to multicenter
validation, prospective implementation studies, systematic reviews, meta-analyses and clinical guidelines. For qualitative
comparison, we retrieved diagnostic accuracy measurements (sensitivity, specificity, and area under the receiver operating
characteristic curve [AUC]) and workflow outcomes.

Justification for Qualitative Synthesis

To provide a clinically focused overview of Al-assisted LVO detection, a narrative review was chosen as the methodology
to address algorithm development, diagnostic performance, workflow integration, commercial platforms, implementation
challenges, ethical considerations, and emerging technologies. Significant heterogeneity in AI models, patient populations,
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LVO definitions, imaging protocols, validation techniques, and outcome measures precluded meaningful quantitative
synthesis.

Thus, results were narratively synthesized, and systematic reviews and meta-analyses were used to contextualize diagnostic
performance where relevant. The review highlights areas of agreement, areas of disagreement between studies, limitations
in external validity, and the clinical importance of the outcomes reported.

Ethical Use of Artificial Intelligence

Language tools for artificial intelligence were only used for language, organization and readability improvements. The
authors independently selected the literature, interpreted the data, critically analyzed and drew conclusions and approved
the manuscript for submission. The authors bear full responsibility for the accuracy, integrity and originality of the
manuscript. No Al was used to generate, manipulate or fabricate research data, results or references.

CLINICAL RELEVANCE OF LARGE VESSEL OCCLUSION

Large artery occlusion (LVO) comprises 20-40% of all acute ischemic strokes, but accounts for a disproportionate amount of
severe disability, death, and health care burden. A sudden reduction of cerebral blood flow may be due to a significant
occlusion of intracranial arteries such as the intracranial internal carotid artery (ICA), middle cerebral artery (MCA), basilar
artery, vertebral artery, and proximal anterior cerebral artery. Clinical severity is determined by the location of the occlusion,
the collateral circulation, systemic hemodynamics and duration of the ischemia [1,10]

Mechanical thrombectomy has revolutionized the outcomes for appropriately selected patients with LVO. Landmark trials
have established endovascular thrombectomy (EVT) as the standard of care for eligible patients with anterior-circulation
large vessel occlusion (LVO). Additional evidence has expanded the eligibility criteria to include selected patients beyond
traditional treatment windows and to those with basilar artery occlusions. Therefore, early recognition and treatment
eligibility of LVO has become a critical part of modern stroke care [3,4]

This is where neuroimaging is relevant. NCCT is useful to exclude cerebral bleeding and to assess early ischemia changes
with methods such as the Alberta Stroke Program Early CT Score (ASPECTS). Computed tomography angiography (CTA)
allows immediate visualization of the cerebral vasculature to identify arterial occlusion, while CT perfusion (CTP) and
magnetic resonance imaging (MRI) can be used to further determine infarct core, salvageable tissue, collateral circulation
and tissue viability in selected individuals [4,5]

CTA interpretation is complicated although widely used. The accuracy of diagnosis is influenced by image quality, motion
artifacts, contrast timing, vascular calcification, anatomical variance, tandem lesions and reader expertise. Occlusions in the
distal and posterior circulation are more challenging to detect and access to neuroradiologists, or neurointerventional
specialists is generally limited outside comprehensive stroke facilities [5,7]

These challenges are magnified in hub-and-spoke stroke networks where delays in CTA interpretation, specialist
consultation, patient transfer and thrombectomy team activation can increase the time to reperfusion. Thus, the necessity of
technologies that can identify LVO fast and uniformly has become more crucial, laying the groundwork for Al-assisted
stroke imaging systems [6].

ARTIFICIAL INTELLIGENCE IN STROKE IMAGING: BASICS

Artificial Intelligence (Al) has evolved from a basic computer aided detection to a sophisticated tool for medical picture
analysis. In acute stroke care Al is already used for automatic detection of cerebral bleeding, large vessel occlusion (LVO),
ASPECTS rating, perfusion analysis, collateral assessment, and calculation of the ischemic core. Among these, automated
LVO identification is especially important as a rapid diagnosis directly impacts the patient's eligibility for mechanical
thrombectomy [10,11]

Early computer-assisted systems relied on hand-crafted image features such as vessel diameter, intensity, morphology and
geometry, and were therefore limited in their ability to detect complicated patterns. Machine learning changed this paradigm
by providing algorithms to learn from annotated imaging datasets. Most today’s applications of stroke imaging use
supervised learning, in which models are trained on labeled images [11]. Deep learning has progressed further. CNNs have
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been the dominant LVO detection solution because of their ability to learn hierarchical spatial information from CTA images.
3D CNNs are designed to handle volumetric data while preserving spatial correlations. More recently, Vision Transformers
(ViTs) and hybrid CNN-transformer models have shown promise in capturing long-range image associations, while their
clinical usefulness in LVO detection remains less established [11]

The regular Al pipeline consists of image pre-processing and vessel segmentation. CTA images are normalized, registered,
artifact corrected and segmented prior to analysis. Arterial occlusions are subsequently identified by algorithms that analyze
vascular continuity, contrast enhancement, branching patterns and hemispheric asymmetry. Modern systems incorporate
these phases into automated workflows that can deliver results in clinically relevant timeframes [1,11]. The complexity of
Al models is growing, and so is the need for interpretability. Explainable AI (XAI) techniques, e.g. saliency maps, Gradient-
weighted Class Activation Mapping (Grad-CAM) and attention maps, can be used to highlight the regions of an image that
influence the model’s predictions, which may be useful for clinician assessment and error analysis . But these approaches
do not fully capture the thinking of the model [10,11]

Ultimately, technical excellence alone does not guaranty a clinical benefit. The standard artificial intelligence algorithms for
acute stroke must be timely and accurate across a broad spectrum of patient populations, imaging protocols, scanner types,
and clinical settings. Therefore, research has gradually shifted from algorithm development to external validation and real-
world clinical deployment [1,7,10].

Artificial intelligence algorithms for automatic detection of large vessel occlusion

Artificial intelligence-based detection of LVO has evolved from conventional machine learning with manually selected
imaging variables to deep learning-based methods that directly analyze computed tomography angiography (CTA). Current
approaches typically involve multiple steps like image pre-processing, vessel segmentation, feature extraction and
classification for detecting vascular discontinuity, reduced distal contrast opacification or hemispheric asymmetry
suggestive of occlusion. Convolutional neural networks (CNNs), particularly three-dimensional models, have the most
research, and attention-based and hybrid CNN-transformer architectures provide promising approaches to capturing
complex vascular interactions [1,8,11]. Published studies consistently demonstrate good diagnostic accuracy for proximal
anterior-circulation LVO, particularly intracranial internal carotid artery (ICA) and M1 occlusions . Sensitivities of 85-97%,
specificities >90% and area under the receiver operating characteristic curve (AUC) >0.90 have been reported in systematic
reviews and validation studies . In several trials, Al has been on par with professional readers, supporting their role in
settings where direct neuroradiology expertise is unavailable [1,7,8].

However, these data should be treated with caution. Diagnostic performance depends on the site of occlusion, image quality,
patient population, reference standards, and LVO definitions. Distal medium vascular (M2-M3), tandem and posterior
circulation occlusions are far more complex due to lower caliber, anatomical heterogeneity and less conspicuity. Therefore,
the good accuracy reported for proximal anterior-circulation occlusions cannot be generalized to all LVOs. [1,5,8].

Comparisons to human readers also need to be put in context. Al is often compared to neuroradiologists, the subspecialists
in this area, but it may be more useful for emergency physicians, general radiologists, or readers with less experience. Also,
Al and physicians err differently; false negatives can lead to a delay in thrombectomy, while false positives can lead to
unnecessary evaluation or transfer. Thus, evaluation should be based on the clinical implications of errors and not on
diagnostic accuracy alone [1,7].

The big problem is the problem of generalization. Many of the early algorithms were developed using retrospective, single-
center data, making their performance susceptible to changes in scanner type, imaging procedures, contrast timing, patient
demographics, and disease prevalence. The multicenter external validation more strongly supports clinical utility, and
interinstitutional variability highlights the need for local validation and ongoing post deployment surveillance [1,7,8].
New techniques such as CTA in combination with non-contrast CT, CT perfusion, MRI and clinical data are helping to
identify the infarct core, collateral circulation, perfusion mismatch and eligibility for therapy. Foundation models and self-
supervised learning may improve transferability and reduce dependence on large annotated datasets, but are experimental
and need prospective validation [10,12].

To summarize, current evidence supports a role for artificial intelligence as a rapid and accurate adjunct to the diagnosis of
proximal LVO, but performance varies across vascular territories and studies. Future research should focus on independent
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validation from multiple centers, standardized reporting, head-to-head comparisons of platforms, and prospective
evaluation of patient-centered outcomes [1,8].

: Performance Range*
Category Model / Evidence jlsget Popula'tlon / Validation Setting aue Key Interpretation
Vascular Territory Sensitivity Specificity (ROC)
N— Al rs;:tfams ac:?ss Predominantly proximal Retrospe-ctlve a;d ] - . Slrongest Aperf:rnan::: (;or proximal
) vali non‘stu es arteriorcirauatni Ve pros'pecuve studies; Ot 0% en anterior-circulation LVO.
across studies  (systematic reviews (ICA, M1) multicenter and >0.90 « Range reflects between-study
and cohorts) single-center heterogeneity in design and cohorts.
Commercial Viz.ai (CTA-based Proximal anterior- Multicenter ) . ¥ Extekr;sivelly im;:l:mf:ted with
Platform LV6 d i circulation LVO observational and High High Reported o ey 'ew rznce4 .
(Viz.ai) etection) (ICA, M1) implementation studies (= 85 -97%) (> 90%) >0.90 « Performance varies with occlusion
location and imaging quality.
Commercial RapidAl / RAPID CTA Proximal anterior- Multicenter Hiah Hih R ad « Strong performance for proximal LVO.
Platform (CTA-based LVO circulation LVO observational studies; 2 g « Results should be interpreted
2 % (= 85 - 97%) (> 90%) > 090
(RapidAl) detection) (ICA, M1) research cohorts according to vascular territory.
Commercial JLK-LVO Proximal anterior- Multicenter and fich har = b Cr;v;:(a:tsive s,;‘::rse:p‘::an d
Ga Platform (CTA-based circulation LVO insttutonal validation | e ( ;?W) o 9‘90" e - sl
(JLK-LVO) LVO detection) (ICA, M1) studies Aoae ) ) : ) o )
« Evidence primarily for proximal LVO.
Vascular Commariial Distal / medit | Multiple p Lower and Veitbie Lowerand Srn'alle'r' vessel caliber a“f’ ana('on?i'cal
Territory i S occlusions and prospective more variable (=70~ 90%) variable variabiiity reduce ‘_’eredm reliobilty.
(Distal / Medium) YSOMEE CVare: (M2-M3 and more distal) studies (= 50 - 80%) = (< 0.90) » Performance consistently below that
for proximal LVO.
Vascular c ol Posterior-circulation Multiple retrospective X ot ] + Evidence and petformav}ce less
Territory ommercial LVO (vertebrobasilar and prospective Variable Variable Variable consistent than for anterior circulation.
y ” Al systems overall and branches) stidies (= 50 - 85%) (=70 - 90%) (< 0.90) « Heterogeneity in definitions and
) imaging protocols.
Comparison Al vemf.erpgﬂenced Pnrnan!y p:'o>f|mal Direct comparison i~ blein | C bein | c i Perforr.nance depends on reader
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* Per ranges reflect app values reported across studies included in recent reviews and validation cohorts.
Al, artificial intelligence; AUC, area under the receiver ing ic curve; CTA, ICA, internal carotid artery; LVO, large vessel ROC, receiver opi

Clinical Applications and Integration into Workflow

The advantages of Al-assisted LVO detection are not confined to its diagnostic accuracy but also encompass the capability
to expedite time-sensitive stroke therapy. Al tools have the potential to evaluate CT angiography (CTA) directly after
acquisition and prioritize suspected LVO cases and provide clinicians with information that can help reduce delays between
imaging, specialist assessment, transfer choices and mechanical thrombectomy [2,6,10].

Another important use is automatic image triage. In routine practice, urgent CTA studies often compete with other imaging,
especially in times of high volume or low neuroradiology coverage. Al is able to identify LVO cases that are more likely to
be true positives and prioritize these for examination, especially for smaller hospitals and centers that do not have specialists
available 24/7. But Al should augment, not replace, image interpretation skills [2,6,9]. Commercial platforms are embracing
integrated communications with automated picture analysis. When LVO is detected alerts can be sent at the same time to
neurologists radiologists neurointerventionalists and stroke coordinators so that they can evaluate the images and plan the
treatment at the same time. In hub-and-spoke networks, these systems can allow for earlier communication between
referring and comprehensive stroke centers for patient transfer and preparation for thrombectomy [2,6,9].

Observational studies have suggested that Al adoption is associated with shorter CTA to notification time, thrombectomy
team activation, door to groin puncture time, and in some networks, door in door out time. However, the degree of
improvement varies by institution, and depends on current procedures, manpower, transfer infrastructure and system
integration. Most of the research is observational, making it difficult to separate the influence of Al from broader workflow
improvements [2,6,7]. Importantly, improved process metrics do not necessarily translate into improved clinical outcomes.
Earlier reperfusion is associated with better recovery but there is little evidence that Al improves functional outcomes or
mortality independently. Hence, future research is vital in patient-centered outcomes [2,7].

Another problem is workflow integration. False-positive alerts may lead to unwarranted picture inspection and warning
fatigue, and false-negative results may delay therapy if physicians over-rely on automated outputs. Integration with PACS,
RIS , EHR and communication systems is essential with well-defined institutional guidelines for successful adoption .
Human supervision is still needed, particularly when Al results differ from clinical or imaging assessments. [2,9,10]. Besides,
the implementation is of great economic importance. Commercial Al platforms have licensing, infrastructure, integration,
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maintenance and staff training costs. Early treatment can reduce long-term impairment and health care costs. Information
on cost-effectiveness according to stroke volume and health care context is limited and likely to be variable. [9,10]

Al-assisted LVO identification may improve coordination and efficiency along acute stroke pathways by automated picture
processing, prioritizing, communication and transfer support. The benefits of the workflow are routinely reported but
prospective studies are necessary to ascertain the effect on patient outcomes, cost-effectiveness and equitable access. [2,6,9]

Commercial AI Platforms for Automated Detection of Large Vessel Occlusion

Commercial artificial intelligence systems have helped the clinical adoption of Al-assisted LVO identification by
incorporating automated image analysis into established stroke workflows. Unlike research algorithms, these systems offer
real-time interpretation of CTA, worklist prioritization, automated alarms, image sharing and multidisciplinary
collaboration [9].

Common platforms include Viz.ai which uses CTA-based LVO detection, automated alerts and mobile communication to
accelerate image review and stroke team collaboration. Studies of implementation have shown reduced times for notification
and treatment workflows RapidAl offers a multimodal platform that combines LVO detection with CT perfusion analysis
and other imaging assessments needed to inform reperfusion decisions. Brainomix e-Stroke performs ASPECTS grading,
LVO detection and collateral assessment and Aidoc is an automated triage and worklist prioritization system that flags
suspected abnormalities for physician rapid review. Table 2 summarizes the main features of these platforms [2,9].

Performance comparisons should be taken with a grain of salt. Published studies differ widely in terms of patient population,
definition of LVO, vascular regions, imaging protocol, reference standard, and outcome measures. Most are retrospective or
single center with few direct independent head-to-head comparisons. Proprietary algorithms restrict transparency around
model design, training data, and updates, making it difficult to compare models [1,9]. Commercial systems were most
accurate for proximal anterior-circulation LVO and least consistent for distal, medium-vessel and posterior-circulation
occlusions. Interchangeability between systems may be limited, and vendor-specific processing methods may potentially
influence perfusion and other quantitative imaging data [1,8,9].

Successful deployment depends not only on diagnostic performance, but Real-world effectiveness depends on integration
with imaging and communications systems, local stroke workflow, alert configuration, technical assistance, licensing fees
and staff training. Therefore, the platform selection should be guided by local clinical needs and independent validation and
not by accuracy measures alone [9]. Commercial Al platforms have moved LVO detection from experimental research to
routine clinical decision support. But different testing methods and a lack of comparisons make it impossible to rank them
definitively. Their relative therapeutic value has to be established by independent external validation, standardized
reporting, prospective comparisons, and assessment of patient-centred and economic outcomes [2,9].

Platform Principal stroke-imaging Workflow role Key strengths Important limitations
applications

Viz.ai CTA-based LVO detection Automated alerts, image Extensive workflow- Performance varies by
sharing, oriented occlusion
multidisciplinary implementation evidence location; proprietary system

communication

RapidAl LVO detection, CTP and Imaging analysis and treatment Broad multimodal stroke Vendor-dependent processing;
multimodal imaging analysis decision support assessment direct comparative evidence
limited
Brainomix LVO detection, ASPECTS, Standardized multimodal Integrates multiple Comparative LVO-specific
e-Stroke collateral assessment stroke-imaging assessment imaging evidence
biomarkers remains heterogeneous
Aidoc Detection and triage of Worklist prioritization and Integrates Al triage into Less focused on
suspected clinical notification radiology workflow comprehensive
neurovascular emergencies stroke management

Abbreviations: Al, artificial intelligence; ASPECTS, Alberta Stroke Program Early CT Score; CTA, computed tomography angiography; CTP, CT perfusion; LVO, large vessel occlusion.
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CHALLENGES, LIMITATIONS, AND ETHICAL ISSUES

While the diagnostic and workflow performance is promising, autonomous application Al-assisted LVO detection shows
encouraging diagnostic and workflow performance, but substantial technological, clinical, ethical and regulatory hurdles
remain. Current literature supports its role as a decision-support tool for clinicians rather than replacing expert
interpretation, with performance dependent on occlusion characteristics, image quality, patient population and clinical
context [1,8,10]. The variable precision in the vascular areas is a major problem. Most algorithms are trained and tuned on
proximal anterior-circulation occlusions, especially ICA and M1 lesions. Distal, medium-vessel, posterior-circulation, and
tandem occlusions are more difficult to detect. Motion artifacts, suboptimal contrast enhancement, vascular calcification and
anatomic variability may further reduce the accuracy. These limitations are clinically relevant, as false-negative results could
delay thrombectomy, and false-positive alerts could lead to unnecessary evaluations and alert fatigue [1,5,8].

Another big issue is generalizability. A plethora of algorithms have been developed using retrospective datasets from high-
volume academic centers and may behave differently across different scanners, imaging protocols, patient groups, and
health care systems. Some demographic groups or rare stroke cases may be underrepresented, which could lead to
algorithmic bias. Therefore, validation studies in multiple centers, subgroup analysis and post-deployment surveillance are
needed [1,7,8]. Models are still not very well explained. Saliency maps, Gradient-weighted Class Activation Mapping (Grad-
CAM) and attention visualization methods improve transparency but do not fully clarify the prediction process of the deep
learning models. This lack of interpretability can impact clinician trust, error investigation, and regulatory assessment
[10,11].

Regulatory and medico-legal issues also remain unresolved. Al stroke imaging software is generally considered as Software
as a Medical Device (5aMD) . However, physicians, health care organizations or developers are at risk of erroneous or missed
Al results, especially when algorithms are updated after deployment . Hence the need for clear institutional protocols,
human-recorded oversight and ongoing performance evaluation [10]. There are other issues with data governance. Al-
powered stroke networks require rapid sharing of imaging and clinical data between institutional, cloud-based and mobile
platforms, as well as strong protections for patient privacy, cybersecurity, secure authentication and compliance with data-
protection legislation [10].

Barriers to implementation are of particular relevance in LMICs where the cost of licensing, information technology
infrastructure, network connectivity, technical assistance, and access to sophisticated imaging may limit uptake. Many
algorithms are developed in well-resourced settings, and their performance and therapeutic impact may not easily translate
to resource-limited situations [9,10].

Implementation is also influenced by human considerations. Automation bias can cause clinicians to depend too much on
the Al’s suggestions, while repeated false-positive alerts can erode trust in the system. But too much distrust can undermine
any workflow advantages. Successful adoption requires defined responses to conflicting findings, routine performance
audits, and clinical education [10]. The therapeutic value of Al-assisted detection of LVO depends not only on diagnostic
accuracy but also on generalizability, transparency, safety, accountability, cost and equitable access. Combining these
considerations with traditional performance measures is needed when evaluating Al-enabled stroke care. [1,8,10]

FUTURE DIRECTIONS

Next generation stroke systems with Al-help are predicted to evolve from stand-alone LVO detection to integrated decision-
support platforms with imaging, clinical and process data. But advances in technology have to be matched by evidence of
safety, generalizability and real patient benefit across a range of health settings [10,12]. Foundation models and self-
supervised learning are promising ways to increase adaptability. Rather than training task-specific models on large
annotated datasets, foundation models can learn general imaging representations and be adaptable to multiple tasks
including LVO detection, vascular segmentation, ASPECTS scoring, collateral assessment, and outcome prediction. But
although they promise to reduce annotation needs and increase transferability, they are yet to be proven in ordinary clinical
practice [12].

Multimodal AI that integrates CTA with other imaging modalities, lab results, NIHSS scores, and EHRs could further
improve decision support. Such methods may help to predict infarct progression, treatment response, hemorrhagic risk and
functional outcome. The model complexity increases as well as the difficulty of bias, missing data and interpretability and
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therefore prospective evaluation is needed [10,12]. Federated learning allows institutions to work together to train Al models
without sharing patient-level data, which can improve model diversity and reduce privacy concerns. But there are still major
challenges, including variability in imaging procedures, data quality, infrastructure and governance [12]

Generative Al and large language models may improve computer vision for automated reporting, clinical documentation,
and interdisciplinary collaboration. Given the high stakes of acute stroke care, these apps will need to be thoroughly
validated, with well-defined roles and ongoing human supervision [13].

Artificial intelligence can also be applied to prehospital stroke triage, integrating clinical evaluation tools, mobile
technologies, wearable sensors, and portable imaging. Pre-hospital suspicion of LVO may allow direct transfer to
thrombectomy-capable hospitals and avoid secondary transfer if it is outweighed by improved triage at the cost of some
misclassification [10]. Future studies should be prospective, multicenter evaluations of real-world clinical effectiveness,
rather than retrospective assessments of diagnostic accuracy. We need standardized reporting, independent external
validation, head-to-head comparisons and evaluation in different demographics and health care systems. Outcomes should
include functional recovery, mortality, safety, cost-effectiveness and equity, and diagnostic performance and workflow
efficiency [1,7,8].

The future of Al in stroke treatment is bright, but it will be human-AI collaboration, not machine-only decision-making. Al
should be an adjunct to clinical knowledge, improving the speed and consistency of decision making, and offering clear
benefits without unacceptable diagnostic, ethical or socio-economic concerns [10,12,13].

Table 3. Current Challenges and Future Opportunities in Al-Assisted LVO Detection

Current Challenge Clinical / Technical Implication Future Opportunity
Reduced performance for False negatives may delay recognition of thrombectomy ; : -

8 3 2 8 2 ; = « Improved architectures, multimodal imaging, and
distal and posterior-circulation candidates; performance is less reliable than for rondiversebraininaidatassts,
occlusions proximal ICA/M1 LVO. 9 9 ;
Limited external Performance may decline across scanners, imaging * Multicenter external validation, standardized
generalizability protocols, institutions, and patient populations. benchmarking, and postdeployment surveillance.

Underrepresented populations or uncommon stroke
Algorithmic bias presentations may experience unequal diagnostic
performance.

Diverse international datasets, subgroup analysis,
and federated learning.

Black-box predictions may reduce clinician trust and

Limited explainability Explainable Al, uncertainty estimation, and

‘J complicate error analysis. interpretable outputs.

& False-positive alerts Alert fatigue, unnecessary review, or inappropriate « Human-in-the-loop workflows, optimized alert
and automation bias reliance on Al may affect clinical decisions. thresholds, clinician training, and regular auditing.
Regulatory and Responsibility for incorrect Al recommendations or + Defined accountability frameworks, regulatory
medico-legal uncertainty missed diagnoses may be unclear. standards, and continuous post-market monitoring.
Data privacy and Cloud-based image sharing and communication « Secure infrastructure, robust governance, privacy-
cybersecurity create privacy and security risks. preserving approaches, and federated learning.
Cost and infrastructure Licensing, integration, maintenance, and technical * Health-economic evaluation, scalable deployment
requirements ?uPpon may restrict implementation, particularly models, and resource-appropriate Al systems.

in LMICs.
Limited evidence for Workflow improvements do not necessarily « Prospective multicenter trials assessing functional
patient-centered outcomes demonstrate better functional recovery or survival. outcomes, mortality, safety, cost-effectiveness, and equity.
Fragmented decision Current systems often focus on individual imaging « Integrated multimodal platforms combining imaging,
support or workflow tasks. clinical, laboratory, and potentially prehospital data.

Abbreviations: Al, artificial intelligence; ICA, internal carotid artery; LMICs, low- and middle-income countries; LVO, large vessel occlusion.

CONCLUSION

Artificial intelligence-assisted identification of large vessel occlusion has become a useful decision support tool in acute
ischemic stroke. Currently the systems have a high diagnostic accuracy for proximal anterior circulation occlusions and have
the ability to improve the image prioritization, specialist notification, interhospital communication and activation of
thrombectomy pathways helping to reduce treatment delays.

However, Al should not replace expert clinical and radiological interpretation. However, performance for occlusions in the
distal and posterior circulation is not as reliable. The reported accuracy depends on patient population, imaging protocol
and validation setting. Other issues include false positive and false negative results, algorithmic bias, limited interpretability,
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interoperability, regulatory and medico-legal issues, cost and unequal access. Regular reports show improvements in
workflow, but evidence for an independent benefit on functional outcomes and death is sparse.

Future work should focus on prospective multicenter validation, standardization of reporting and independent comparison
of commercial platforms, post-deployment surveillance and assessment of patient-centered outcomes, cost-effectiveness and
equity. New technologies may enable Al to transition from image interpretation to integrated decision assistance for stroke
but will require rigorous validation and ongoing clinical oversight. Al should be considered as an adjunct to expedite and
streamline LVO detection, with the clinicians making the diagnosis and treatment decisions. The long-term effect will
depend not only on the accuracy of the diagnosis, but on the ability to improve the quality efficiency and equity of stroke
care.
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INTRODUCTION

Safe, timely and affordable surgical and anaesthesia care is increasingly recognised as an indispensable component of
universal health coverage (UHC). Surgical conditions arise across the life course and include injuries, obstetric emergencies,
congenital anomalies, infections, malignancies and acute abdominal conditions. When health systems cannot deliver
essential operations promptly, otherwise treatable conditions may result in preventable death, long-term disability and
catastrophic household expenditure. The Lancet Commission on Global Surgery estimated that five billion people
worldwide lack access to safe, affordable surgical and anaesthesia care when needed, with the largest gaps concentrated in
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low- and middle-income countries (LMICs) [1]. Subsequent modelling work has emphasised that access must be judged
across timeliness, capacity, safety and affordability rather than by the mere presence of an operating theatre [2]. In 2015,
World Health Assembly resolution WHA®68.15 formally embedded emergency and essential surgical care and anaesthesia
within UHC and urged member states to strengthen first-referral services, monitoring systems, referral pathways and the
appropriate use of task sharing [3].

These issues are particularly acute in rural sub-Saharan Africa, where shortages and maldistribution of specialist surgeons,
obstetricians and physician anaesthetists constrain service delivery. The Lancet Commission proposed that, by 2030,
countries should aim for a workforce density of at least 20 surgical, obstetric and anaesthesia providers per 100,000
population, yet many low-income countries remain well below this threshold [1]. District hospitals are often the nearest
facilities capable of performing caesarean section, emergency laparotomy, hernia repair and basic trauma procedures, yet
they operate with thin and unevenly skilled workforces [4,11]. Across the region, non-physician clinicians, general medical
officers and nurse anaesthetists have become an indispensable part of the perioperative workforce, frequently carrying
clinical responsibility beyond their original training.

Task shifting, the rational redistribution of selected responsibilities from more highly specialised cadres to health workers
with shorter or different training, within a system of competency development, supervision and accountability [5] has
therefore become a pragmatic strategy for expanding access. In surgery and anaesthesia, it may involve trained general
medical officers, non-physician clinicians, clinical officers, nurse anaesthetists or anaesthesia technicians delivering selected
procedures under defined conditions. It is not intended to replace specialist care; rather, its safety depends on clear
boundaries, training, supervision, referral mechanisms and clinical governance.

Cameroon reflects many of these challenges. A cross-sectional assessment of hospitals with high trauma burden identified
substantial gaps in infrastructure, human resources, interventions, equipment and supplies relevant to emergency and
essential surgical care [6]. A more recent scoping review of surgical, obstetric and anaesthesia policy in Cameroon called for
stronger political prioritisation, baseline assessment and the formalisation of workforce strategies, including task shifting,
within national surgical planning [7]. The Adamawa Region, in the central-eastern part of the country, combines rural
geography, long referral distances and reliance on non-specialist personnel, but there is little published local evidence
describing how task shifting actually functions on the ground.

Systematic reviews from sub-Saharan Africa suggest that, within carefully structured programmes, trained non-surgeon
clinicians can achieve non-inferior outcomes for selected high-volume, lower-complexity procedures such as caesarean
section and hernia repair [8,9]. However, the evidence is heterogeneous, procedure-specific and strongly dependent on
context; it cannot be generalised to informal delegation or to anaesthesia, where data remain comparatively sparse [8].
Crucially, much of the existing literature comes from a handful of countries and rarely integrates facility readiness, provider
training, supervision, referral barriers and frontline provider priorities in a single setting. Region-specific data are needed
to design accountable capacity-building interventions and to move from informal task shifting driven by scarcity alone
toward supported task sharing.

The aim of this study was therefore to assess existing surgical and anaesthesia task-shifting practices, perceived safety
concerns and priority capacity-building needs among perioperative healthcare providers in the Adamawa Region of
Cameroon. The specific objectives were to (1) describe the demographic and professional profile, workload and procedure
involvement of participating providers; (2) determine the extent and nature of task-shifted responsibilities; (3) assess
reported training, scope-of-practice definition, supervision and senior support; (4) identify safety challenges, adverse-event
experience and referral barriers; and (5) prioritise capacity-building interventions from the provider perspective. We
hypothesised that task shifting would be widespread but incompletely supported by formal governance structures.

METHODS

Study design

We conducted a descriptive cross-sectional provider survey using a structured questionnaire. The design was appropriate
for establishing a provider-level baseline of reported practices, perceptions and priorities in an understudied setting. The
analysed dataset comprised only de-identified, completed provider questionnaires; it did not include patient-level clinical
records, facility-audit data or qualitative interview transcripts. We therefore made no causal claims about surgical morbidity,
mortality or the effectiveness of any intervention, and the study is reported in line with the applicable strengthening-the-
reporting principles for cross-sectional observational studies.
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Setting and participants

The study was undertaken in the Adamawa Region of Cameroon, where rural geography, specialist shortages and referral
constraints affect access to essential surgical and anaesthesia services. Eligible participants were healthcare providers who
routinely participated in surgical or anaesthesia care, including specialist surgeons, general medical officers, non-physician
clinicians, clinical officers, anaesthesia nurses, anaesthesia technicians and operating-theatre nurses. Staff without
perioperative responsibilities, interns without independent clinical responsibility and short-term observers were excluded.
Recruitment used an inclusive approach within accessible participating district and regional hospital services; every
completed questionnaire in the supplied analysed workbook was included, giving an achieved sample of 20 providers. The
number of eligible providers approached was not captured in the analysed workbook, so a response rate could not be
calculated. Because the survey was exploratory, results are reported with transparent denominators and interpreted as
patterns within the surveyed group rather than as population-level prevalence estimates.

Data collection and instrument

Data were collected using the structured Surgical and Anaesthesia Provider Questionnaire (Appendix). The instrument was
developed for the study, drawing on WHO guidance on task shifting and safe surgery [5,16], and was organised into eight
sections: demographic and professional information; facility and workload characteristics; task-shifting practices; training
and capacity building; supervision and support; surgical safety and quality of care; referral and health-system support; and
perceived impact and recommendations. It captured age, sex, professional cadre, qualification, clinical experience, facility
level, monthly case participation, commonly performed procedures, task-shifted responsibilities, methods of skill
acquisition, formal training exposure and its perceived adequacy, scope-of-practice definition, supervision type and
frequency, access to senior support, surgical safety checklist use, complication documentation, witnessed adverse events,
referral pathways and barriers, perceptions of health-system support and preferred capacity-building interventions. Several
items allowed multiple responses; for the priority-interventions item respondents selected up to three measures they
considered most likely to improve safety in their facility. The questionnaire was reviewed by the research team for face and
content validity and piloted with a small group of clinicians outside the analysed sample to refine wording; no items were
added or removed after pilot testing. Questionnaires were administered by trained data collectors and completed by
consenting providers, then returned to the research team for double entry and consistency checks. The cleaned, de-identified
dataset and an analysed frequency-distribution sheet formed the basis of this report.

Variables

Participant-profile variables included age, sex, professional cadre, qualification, years of clinical practice and years at the
current facility. Service-involvement variables included facility level (district vs regional hospital), monthly case
participation and procedures commonly performed or assisted. Task-shifting variables included whether the respondent
performed responsibilities typically undertaken by specialists, the nature of those responsibilities, skill-acquisition methods
and whether the scope of practice was formally defined. Training and supervision variables captured formal task-shifting
training, its recency and perceived adequacy, supervisor type, supervision frequency and access to senior support during
complications. Safety and referral variables covered checklist use, complication documentation, witnessed task-shift-related
adverse events, clarity of referral pathways and referral barriers. Capacity-building variables measured perceived access
benefit, health-system support and preferred interventions.

Data management and statistical analysis

Records were checked for completeness and analysed descriptively. Age, years of clinical practice and years at facility were
summarised using means, standard deviations (SD), medians and ranges. Categorical variables were summarised as
frequencies and percentages. For questions permitting multiple answers, each selected option was counted separately;
percentages for these items therefore could sum to more than 100% and are based on the full denominator of 20 respondents
unless otherwise stated. Exact binomial 95% confidence intervals (CIs) were calculated for key single-response indicators to
indicate statistical uncertainty around proportions in this small sample. No inferential between-group comparisons were
performed because the achieved sample was limited, the dataset lacked a comparison group and patient-level outcomes
were not available. Analyses were conducted using R version 4.3.1 (R Foundation for Statistical Computing, Vienna,
Austria); the workbook was prepared in Microsoft Excel. The study was conceived within the Donabedian structure-
process—outcome framework, which links the conditions of care (workforce, equipment, organisation), the processes of care
(training, supervision, safety practices, referral) and patient outcomes [10].
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Ethical approval

Participation was voluntary and based on written informed consent. The analysed dataset contained de-identified
participant codes rather than names or direct identifiers, and results are reported in aggregate to reduce the risk of deductive
identification, particularly for small professional groups. Electronic data were stored on password-protected devices
accessible only to the authorised research team, and any paper records were held in locked storage. Participants retained the
right to decline participation, omit items or withdraw without penalty.

Ethical review and approval were obtained from the Kesmonds Institute of Research and Innovation, Department of
Research Publications and Internships, Cameroon, under the Kesmonds International Research Institute Cameroon, one of
the bodies responsible for research approval in the Adamawa Region of Cameroon. The approval reference number was
0041022/SG/KIU. Appropriate administrative authorisations were obtained before participant recruitment.

RESULTS

Participant characteristics

The analysed dataset contained 20 complete provider questionnaires, all from providers who reported routine involvement
in surgical or anaesthesia care. Mean age was 42.1 (SD 8.4) years (median 41.5; range 29-56). Respondents had a mean of
10.2 (SD 4.7) years of clinical practice and had worked at their current facility for a mean of 6.9 (SD 4.2) years. Thirteen
(65.0%) were male, five (25.0%) female and two (10.0%) preferred not to state their sex. Sixteen (80.0%) worked in district
hospitals and four (20.0%) in regional hospitals. Anaesthesia nurses were the largest cadre (6/20; 30.0%), followed by general
medical officers (4/20; 20.0%), specialist surgeons and non-physician clinicians (3/20; 15.0% each), operating-theatre nurses
(2/20; 10.0%), and one clinical officer and one anaesthesia technician (5.0% each) (Table 1; Figure 1).

Table 1. Demographic and professional characteristics of respondents (n = 20).

Characteristic Category / summary n %
Age (years), mean (SD) 42.1 (8.4) —

Age (years), median (range) 41.5 (29-56) —

Clinical practice (years), mean (SD) | 10.2 (4.7) —

Time at facility (years), mean (SD) 6.9 (4.2) —

Sex Male 13 65.0
Sex Female 5 25.0
Sex Prefer not to say 2 10.0
Facility level District hospital 16 80.0
Facility level Regional hospital 4 20.0
Professional cadre Anaesthesia nurse 6 30.0
Professional cadre General medical officer 4 20.0
Professional cadre Specialist surgeon 3 15.0
Professional cadre Non-physician clinician 3 15.0
Professional cadre Operating-theatre nurse 2 10.0
Professional cadre Clinical officer 1 5.0
Professional cadre Anaesthesia technician 1 5.0

Surgical workload and procedure involvement

Half of respondents (10/20; 50.0%) reported participating in 10-30 surgical cases per month, while seven (35.0%) participated
in fewer than 10, two (10.0%) in 31-50 and one (5.0%) in more than 50. On the multiple-response procedure item, caesarean
section was the most commonly selected procedure (17/20; 85.0%), followed by anaesthesia for surgery (14/20; 70.0%), minor
surgical procedures (13/20; 65.0%), laparotomy and hernia repair (12/20; 60.0% each), and trauma surgery (11/20; 55.0%)
(Table 2). Respondents thus contributed across obstetric, emergency and general surgical care.

Table 2. Surgical workload and procedure involvement. *Multiple-response item; percentages may sum to >100%.

Domain Category n %
Monthly cases <10 7 35.0
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Monthly cases 10-30 10 50.0
Monthly cases 31-50 2 10.0
Monthly cases >50 1 5.0

Procedure* Caesarean section 17 85.0
Procedure* Anaesthesia for surgery 14 70.0
Procedure* Minor surgical procedures 13 65.0
Procedure® Laparotomy 12 60.0
Procedure* Hernia repair 12 60.0
Procedure® Trauma surgery 11 55.0

Task-shifting practices, training and supervision

Thirteen providers (65.0%; 95% CI 40.8-84.6) reported performing responsibilities typically undertaken by specialists.
Among these 13, anaesthesia administration was the most frequently selected shifted responsibility (10/13; 76.9%), followed
by surgical procedures (8/13; 61.5%), preoperative assessment (6/13; 46.2%), postoperative management (4/13; 30.8%) and
emergency decision-making (4/13; 30.8%) (Figure 2). Skill-acquisition routes were mixed: formal training programmes were
reported by 13 (65.0%), short courses or workshops and on-the-job training by 11 each (55.0%), informal mentorship by 10
(50.0%) and self-learning by six (30.0%).

Although 12 respondents (60.0%; 95% CI 36.1-80.9) reported having received formal task-shifting training, only six (30.0%)
felt adequately trained for their current tasks; nine (45.0%) felt partially trained and five (25.0%) inadequately trained. A
formally defined scope of task-shifted practice was reported by nine (45.0%; 95% CI 23.1-68.5), was absent for seven (35.0%)
and was uncertain for four (20.0%). Regular supervision was received by nine (45.0%; 95% CI 23.1-68.5), while 11 (55.0%)
did not receive it; supervision frequency was monthly for six (30.0%), never for five (25.0%), rarely for four (20.0%), daily for
three (15.0%) and weekly for two (10.0%). Access to senior support during complications was reported as always by seven
(35.0%), sometimes by 10 (50.0%) and rarely or never by three (15.0%) (Table 3; Figure 2).

Table 3. Task-shifting, training and supervision indicators.

Indicator Category n %

Performs task-shifted responsibilities Yes 13 65.0
Performs task-shifted responsibilities No 7 35.0
Received formal task-shifting training Yes 12 60.0
Received formal task-shifting training No 8 40.0
Perceived training adequacy Adequate 6 30.0
Perceived training adequacy Partial 9 45.0
Perceived training adequacy Inadequate 5 25.0
Scope formally defined Yes 9 45.0
Scope formally defined No 7 35.0
Scope formally defined Not sure 4 20.0
Receives regular supervision Yes 9 45.0
Receives regular supervision No 11 55.0
Senior support for complications Always 7 35.0
Senior support for complications Sometimes 10 50.0
Senior support for complications Rarely/never 3 15.0

Safety processes, adverse events and referral arrangements

Use of the surgical safety checklist was reported as consistent by nine respondents (45.0%), intermittent by nine (45.0%) and
absent by two (10.0%). Seventeen (85.0%; 95% CI 62.1-96.8) reported that perioperative complications were routinely
documented, although self-reported documentation could not be verified against clinical records. Fourteen respondents
(70.0%; 95% CI 45.7-88.1) had witnessed adverse events related to task-shifted care; among the 13 who personally performed
shifted responsibilities, 11 (84.6%) reported such experience. This is a descriptive observation of provider experience, not a
verified clinical event rate.

Referral arrangements emerged as a particular weakness. Only five respondents (25.0%; 95% CI 8.7—49.1) stated that referral
pathways for complex cases were clearly defined. On the multiple-response item, transport limitations were the most
frequently selected barrier (15/20; 75.0%), followed by cost to patients (13/20; 65.0%), delayed decision-making (12/20; 60.0%)
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and communication gaps (8/20; 40.0%). When asked whether the health system supported safe task shifting, half (10/20;
50.0%) answered “partially,” while five (25.0%) answered “yes” and five (25.0%) “no.” Despite these concerns, 14
respondents (70.0%; 95% CI 45.7-88.1) agreed or strongly agreed that task shifting had improved access to surgical care
(Table 4).

Table 4. Selected safety, referral and health-system indicators with exact 95% confidence intervals.

Indicator n/N % Exact 95% CI
Performs task-shifted responsibilities 13/20 65.0 40.8-84.6
Received formal task-shifting training 12/20 60.0 36.1-80.9
Scope formally defined 9/20 45.0 23.1-68.5
Receives regular supervision 9/20 45.0 23.1-68.5
Complications routinely documented 17/20 85.0 62.1-96.8
Witnessed task-shift-related adverse events 14/20 70.0 45.7-88.1
Referral pathways clearly defined 5/20 25.0 8.7-49.1

Task shifting improved access (agree/strongly 14/20 70.0 45.7-88.1
agree)

Safety challenges and capacity-building priorities

On the multiple-response item on safety challenges, equipment shortages were most frequently reported (12/20; 60.0%),
followed by staff shortages (11/20; 55.0%), lack of supervision (10/20; 50.0%), inadequate training (9/20; 45.0%) and delayed
referrals (9/20; 45.0%) (Table 5; Figure 3). For capacity-building, respondents selected up to three priorities. Regular
supervision and mentorship ranked first (15/20; 75.0%), followed by improved equipment supply (13/20; 65.0%),
strengthened referral systems (11/20; 55.0%), structured training programmes (11/20; 55.0%) and clear clinical guidelines
(10/20; 50.0%) (Table 5; Figure 4).

Table 5. Reported safety challenges, referral barriers and capacity-building priorities. *Multiple-response items; percentages
may sum to >100%.

Domain Item n %

Safety challenge* Equipment shortages 12 60.0
Safety challenge* Staff shortages 11 55.0
Safety challenge* Lack of supervision 10 50.0
Safety challenge* Inadequate training 9 45.0
Safety challenge* Delayed referrals 9 45.0
Referral barrier* Transport limitations 15 75.0
Referral barrier* Cost to patients 13 65.0
Referral barrier* Delayed decision-making 12 60.0
Referral barrier* Communication gaps 8 40.0
Priority intervention* Regular supervision and mentorship 15 75.0
Priority intervention* Improved equipment supply 13 65.0
Priority intervention* Strengthened referral systems 11 55.0
Priority intervention* Structured training programmes 11 55.0
Priority intervention* Clear clinical guidelines 10 50.0

DISCUSSION

This cross-sectional survey of 20 perioperative providers in rural Adamawa found that task shifting is a common,
operationally important feature of surgical and anaesthesia service delivery and is widely perceived to improve access.
Almost two-thirds of respondents performed responsibilities normally associated with specialist practice, and 70% agreed
that task shifting had expanded access to care. Yet these access gains were accompanied by consistent weaknesses in the
supporting system: only 30% felt adequately trained, fewer than half had a formally defined scope or received regular

CC-BY 4.0 Licensed
The Operating Room Global Journal

Page



The Operating Room Global Journal (TORG]J) Volume 2 Issue 3 September 2026

supervision, 70% had witnessed adverse events related to task-shifted care, and only one quarter reported clearly defined
referral pathways. Providers' proposed solutions were correspondingly systemic supervision and mentorship ranked above
additional training alone reinforcing the case for structured task sharing rather than unsupported redistribution of work.

Task shifting as a response to access constraints

The breadth of procedure involvement we observed caesarean section, anaesthesia, laparotomy, hernia repair, minor surgery
and trauma mirrors the essential caseload of first-referral hospitals in sub-Saharan Africa and is consistent with earlier
observations that surgical task shifting already functions as a de facto adaptation to workforce scarcity [4,11]. Anaesthesia
was both the largest single professional group (30% of respondents) and the most frequently shifted responsibility among
those performing specialist-level tasks, which is noteworthy because evidence for anaesthesia task shifting remains sparser
and more conflicting than for operative delegation [8]. The predominance of caesarean section also underscores the overlap
between surgical and obstetric care at district level and the importance of integrating task-sharing strategies within broader
emergency obstetric and surgical system strengthening. The 70% who perceived improved access aligns with the central
rationale for task sharing in WHO guidance [5] and with modelling indicating that workforce redistribution can extend the
reach of essential surgery [2]. Perceived access benefit is not, however, evidence of clinical safety or effectiveness. Systematic
reviews suggest that non-specialists achieve comparable outcomes for selected procedures only within structured
programmes with defined caseloads, competency-based training and ongoing supervision [8,9]; they do not validate
informal delegation.

Training, scope of practice and supervision

A central finding was the gap between exposure to training and confidence in it. Although 60% reported some formal task-
shifting training, only 30% felt adequately prepared, and 70% reported no or only partial preparation. Formal scope
definition and regular supervision each reached only 45%, and a quarter of respondents never received supervision. This
matters because the literature consistently identifies clear practice boundaries, competency assessment and sustained
supervision as the active ingredients that make task shifting safe [5,8,9,12]. Reviews of non-physician clinician surgery in
sub-Saharan Africa have highlighted professional, regulatory, training, resource and sustainability barriers [12], and
evaluations of surgical supervision models have shown that mentorship relationships build competence, help providers
recognise their limits and create feedback loops for systemic problems [13]. The Adamawa findings suggest that the region
should not rely on one-off workshops or informal apprenticeship. Training should be paired with documented skills
assessment, written escalation criteria and continuing, structured mentorship, preferably linking district teams with
specialist surgeons and anaesthetists at regional centres.

Safety processes and reported adverse events

Safety-process findings were mixed. Most respondents reported routine complication documentation, and 90% reported that
the surgical safety checklist was used at least intermittently, providing a foundation for quality improvement. However,
intermittent checklist use is not equivalent to reliable completion, and self-reported documentation cannot confirm
completeness or accuracy; both should be audited against clinical records. The most concerning signal was that 70% of
respondents, and 85% of those personally performing shifted tasks had witnessed adverse events related to task-shifted care.
This item captures experience rather than a measured incidence rate and may reflect events across a career rather than a
defined period; it cannot be used to infer causation. Nevertheless, it is a clear warning that frontline providers perceive
avoidable harm. The WHO surgical safety checklist has been shown to reduce morbidity and mortality when implemented
with genuine team engagement [14], but checklists cannot substitute for equipment, competence, supervision or referral.
Structured incident reporting with standard definitions, confidential morbidity and mortality review, and patient-record
audit are needed to convert this signal into actionable learning and to establish a baseline against which improvement can
be measured.

Referral barriers and health-system readiness

Referral was the clearest structural weakness: three-quarters of respondents described complex-case pathways as unclear,
and transport, cost and delayed decision-making were the most frequently cited barriers. This is particularly important
because the safety of task shifting depends on recognising the limits of local care and escalating appropriately; a provider
may be competent for selected procedures but still require dependable transport, communication and a receiving facility
prepared to accept complex cases. These findings fit the “structure” component of the Donabedian framework [10]:
workforce redistribution cannot fully compensate for weak equipment, staffing and referral networks. They are consistent
with earlier Cameroonian facility assessments documenting infrastructure, equipment and supply gaps [6] and with regional
analyses identifying referral delays as a driver of poor surgical outcomes [11]. A practical referral-improvement plan
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covering named escalation contacts, receiving-facility communication, transport coordination and attention to patient costs
should be considered a core component of any safe task-sharing model, not an optional add-on.

Capacity-building priorities

Notably, providers did not ask only for more training. Their top priority was regular supervision and mentorship, followed
by equipment supply, strengthened referral systems, structured training and clear clinical guidelines. This ordering closely
maps the problems they reported and supports a comprehensive capacity-building package rather than isolated educational
interventions. It echoes WHO recommendations that task shifting be accompanied by training, regulation, quality assurance
and appropriate resourcing [5], and the global movement to integrate emergency, critical and operative care within UHC
[15]. From a policy perspective, the data support formal recognition of task sharing as a governed health-system strategy,
with authorised responsibilities, supervision requirements, monitoring indicators and mechanisms for continuing
professional development embedded in national surgical, obstetric and anaesthesia planning.

STRENGTHS AND LIMITATIONS

The study has several strengths. It addresses a documented evidence gap in rural Cameroon by combining data on task-
shifting prevalence, training, supervision, safety, referral and provider priorities in a single survey, and it reports exact
confidence intervals to communicate uncertainty transparently. The cadres represented anaesthesia nurses, medical officers,
non-physician clinicians and surgeons reflect the perioperative teams that actually deliver care in district hospitals. Several
limitations must, however, be considered. The sample was small (n = 20) and exploratory, and the number of eligible
providers approached was not recorded, so the response rate and representativeness cannot be determined; the findings
should be interpreted as patterns within the surveyed group rather than prevalence estimates for Adamawa as a whole. The
dataset recorded facility level but not unique facility identifiers, precluding inter-facility comparison. Responses were self-
reported and subject to recall and social-desirability bias, and multiple-response items indicate the frequency with which
concerns were selected rather than their severity. Most importantly, the dataset did not include facility audits, patient
records, perioperative mortality, complication rates or referral-delay durations, so the study cannot establish the clinical
effectiveness or safety of task shifting. The witnessed-adverse-event finding, in particular, is a provider perception rather
than a verified event rate. These limitations define a clear agenda for the next phase of research.

IMPLICATIONS FOR PRACTICE, POLICY AND FUTURE RESEARCH

For clinical practice, participating services should agree a minimum safe task-sharing package comprising written scope-of-
practice guidance, procedure limits and escalation criteria, consistent checklist use, structured complication documentation
and routine case review. For education, training should be competency based, assessed in supervised practice and reinforced
through refresher sessions and mentorship rather than attendance certificates alone. For management, the equipment and
referral findings justify a prioritised facility-readiness audit, covering oxygen, sterilisation, essential instruments, blood
access and infection prevention and a practical referral-improvement plan. For policy, the survey supports formal
recognition of task sharing within regional and national surgical plans, with defined responsibilities, supervision standards
and quality indicators. Future research should combine facility-readiness audits with prospective patient-level data on
surgical volume, referral delays, postoperative complications and perioperative mortality, ideally before and after a
documented capacity-building intervention, and should expand to larger, multi-facility samples that allow comparison
across hospital levels. Such work should examine how specific structural supports, defined scope, supervision frequency
and equipment availability, relate to objectively measured process and outcome indicators, moving beyond provider
perception to test the structure—process—outcome logic that guided this study. Implementation-science approaches,
including stepped-wedge or hybrid effectiveness designs, would be well suited to evaluating the kind of multicomponent
capacity-building package prioritised by respondents, while qualitative methods could illuminate the professional,
regulatory and motivational factors that determine whether task sharing is accepted and sustained over time.

CONCLUSION

Task shifting is a common and, from the provider perspective, access-enhancing feature of surgical and anaesthesia care in
rural Adamawa. It is, however, incompletely supported: fewer than one in three providers felt adequately trained, fewer
than half had a defined scope or regular supervision, adverse events were widely witnessed, and referral pathways were
usually unclear. The appropriate response is neither to abandon task shifting nor to expand it informally, but to formalise it
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as structured task sharing with clearly defined responsibilities, competency-based training, reliable mentorship, functional
equipment, consistent safety processes and dependable referral pathways. These findings provide a practical baseline for
capacity-building interventions and for subsequent evaluation using verified clinical outcomes.
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FIGURES

Figure 1. Professional cadre distribution of respondents (n = 20)

Professional cadre

mmm  Anaesthesia nurse (30%)

mmm  General medical officer (20%)

mmm Specialist surgeon (15%)
Non-physician clinician (15%)
Operating-theatre nurse (10%)
Clinical officer (5%)
Anaesthesia technician (5%)

Figure 1. Professional cadre distribution of respondents (n = 20). Percentages use N = 20 as the denominator.
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Figure 2. Selected task-shifting, safety and governance indicators (n = 20)

Performs task-shifted work
Formal task-shifting training 60%
Feels adequately trained 30%
Scope formally defined 45%

Receives regular supervision .

Witnessed adverse events

Referral pathways defined

Task shifting improved access 0%

0% 20% 40% 60% 80% 100%
Percentage of respondents (%)

Fiqure 2. Selected task-shifting, safety and governance indicators (n = 20). Bars show the percentage of all respondents;

whiskers show exact 95% confidence intervals where available (see Table 4).

Figure 3. Reported safety challenges affecting task-shifted care (n = 20)

Delayed referrals
Inadequate training
Lack of supervision

Staff shortages 55%

Equipment shortages 60%

0% 20% 40% 60% 80% 100%
Percentage of respondents (%)

Fiqure 3. Reported safety challenges affecting task-shifted care (n = 20). Multiple responses permitted; percentages may

sum to more than 100%.
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Figure 4. Priority capacity-building interventions (n = 20)

Clear clinical guidelines
Structured training programmes
Strengthened referral systems
Improved equipment supply

Regular supervision & mentorship 75%
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Percentage of respondents (%)

Figure 4. Priority capacity-building interventions (n = 20). Respondents selected up to three priorities; percentages may
sum to more than 100%.
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ABSTRACT

Background: Pakistan entered the COVID-19 pandemic with substantial literacy inequalities.
In 2019, the national adult literacy rate was 62.35%, compared with 72.97% among males and
51.73% among females; rural literacy was 52.18% compared with 76.54% in urban areas.
School closures and limited access to remote learning occurred in a setting with marked
urban-rural digital inequality.

Objective: To describe changes in adult literacy in Pakistan before, during, and after the
COVID-19 pandemic using national and provincial secondary data from 2017 to 2024, with
disaggregation by sex, residence, and province.

Methods: This ecological secondary-data time-series analysis used data from the Pakistan
Bureau of Statistics, Pakistan Social and Living Standards Measurement Survey, UNESCO
Institute for Statistics, and Ministry of Federal Education and Professional Training. Trends
were examined descriptively across pre-pandemic (2017-2019), pandemic (2020-2021), and
recovery (2022-2024) phases. Percentage-point changes were calculated against the 2019
baseline. The 2020 national and disaggregated values were obtained by linear interpolation
because the routine PSLM round was not conducted. A descriptive sensitivity analysis
compared the pre-pandemic mean with the observed 2021 value and the 2020-2021 mean;
exploratory bootstrap intervals were used only to show the instability of these aggregate
mean differences.

Results: National adult literacy declined from 62.35% in 2019 to 59.94% in 2021, a reduction
of 2.41 percentage points. By 2024, the national rate had increased to 64.51%, 2.16 percentage
points above the 2019 baseline. From 2019 to 2021, literacy declined by 2.59 percentage points
among males and 2.32 percentage points among females; urban and rural literacy declined
by 2.89 and 2.21 percentage points, respectively. Sindh had the largest provincial decline (-3.2
percentage points), while Balochistan remained the lowest-performing province in 2021
(40.7%).

Conclusion: Pakistan's adult literacy trajectory showed a pandemic-period decline followed
by national recovery by 2024. Recovery was uneven, and substantial gender, urban—rural,
and provincial inequalities remained. The findings support targeted literacy-recovery
strategies while requiring cautious interpretation because the study uses aggregate
secondary data and cannot establish causality.

Keywords: COVID-19, literacy trends, Pakistan, pre-post comparative analysis, education
disruption, SDG 4.

INTRODUCTION

Literacy is a foundational factor of national development, shaping employment opportunities, health outcomes, and civic
participation across generations. Over the two decades preceding the pandemic, Pakistan's national adult literacy rate,
population aged 15 years and above rose from approximately 54% in 2009 to 62.35% in 2019, A meaningful improvement

CC-BY 4.0 Licensed
The Operating Room Global Journal

Page



The Operating Room Global Journal (TORG]J) Volume 2 Issue 3 September 2026

that nonetheless concealed persistent structural inequalities. In 2019, female literacy stood at 51.73% compared with 72.97%
for males, rural literacy was 52.18% against 76.54% in urban areas, and provincial rates ranged from 43.2% in Balochistan to
80.4% in the Islamabad Capital Territory (ICT). An estimated 20.3 million children of school age remained out of school in
Pakistan in 2019, one of the highest absolute counts globally. Pakistan had committed to the United Nations Sustainable
Development Goal 4 (SDG 4), calling for inclusive, equitable quality education for all by 2030, a trajectory already under
strain before the pandemic.

When COVID-19 led to nationwide school closures in March 2020, institutions in Pakistan remained closed for between 60
and 76 weeks depending on the province. The government's primary emergency response was the Teleschool satellite-
television channel. However, a Pakistan Bureau of Statistics household survey conducted in 2020 found that only
approximately 36% of school-aged children had access to a television, radio, or internet-connected device at home. Rural
household internet access was approximately 12%, compared with 47% in urban areas, reflecting a pronounced digital divide
that severely limited the reach of substitute learning modalities.

This study addresses three evidence gaps. First, few published studies have unified national and provincial adult literacy
data from 2017 to 2024 into a single harmonised time series drawing concurrently on Pakistan's major statistical sources.
Second, national and provincial adult-literacy trajectories have not been described together at this temporal resolution using
a consistent pre-pandemic baseline. Third, the relationship between provincial school-closure duration and literacy change
has not been systematically described for Pakistan at provincial level with disaggregated data.

This study aimed to assess shifts in adult literacy patterns in Pakistan prior to and following the COVID-19 pandemic,
utilizing national and provincial secondary data from 2017 to 2024, categorized by gender, urban-rural status, and province,
to establish an evidence foundation for equity-centred literacy recovery strategies.

METHODOLOGY

Study Design and Setting

This is an ecological secondary-data time-series analysis employing a retrospective, descriptive, pre-post comparative
observational design at the population level. The COVID-19 pandemic (March 2020 to December 2021) is treated as the index
event dividing the study period into three phases: pre-pandemic (2017-2019), pandemic (2020-20241), and recovery (2022-
2024).

Population, Data Sources, and Sampling

The study population comprised persons aged 15 years and above represented in Pakistan's national literacy datasets. No
primary sampling was conducted. The analysis used the national adult literacy series for 2017-2024, sex- and residence-
disaggregated national series, provincial estimates available at the reported survey time points, annual out-of-school
estimates, and the documented digital-access and school-closure indicators. Provincial estimates were not extrapolated for
years without a corresponding survey round; only reported values were retained.

Data Validity, the 2020 Gap, and Ethical Considerations

Because the routine 2020 PSLM round was not conducted because of pandemic disruption, the national and disaggregated
2020 values were estimated by linear interpolation between the corresponding 2019 and 2021 values and are marked with
an asterisk in the relevant tables. These interpolated values are presented only to describe the trajectory. The final analytical
series uses the 15+ adult-literacy denominator. Where a source is reported on a 10+ basis, the reproducible conversion
protocol is L(15+) = [L(10+) x P(10+) - L(10-14) x P(10-14)] / P(15+), where the population and age-specific literacy inputs are
taken from the corresponding Pakistan Bureau of Statistics age-specific tables.30 The protocol is documented for
reproducibility; no undocumented conversion was applied to the 12 source-extraction records reproduced in Supplementary
File S1. PSLM survey data were prioritised when a complete survey round was available; PBS Labour Force Survey annual
bulletins provided intermediate-year information; UIS was used for source comparison and cross-validation; and MoEPT
administrative data were used for out-of-school children and school-closure indicators.

Statistical Analysis

The analysis was performed using SPSS Version 26 and Microsoft Excel. Descriptive statistics characterised literacy trends
across the study period and disaggregation dimensions. Percentage-point (pp) changes were calculated against the 2019
PSLM baseline, with the principal descriptive comparison defined a priori as the observed change from 2019 (62.35%) to
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2021 (59.94%). Because the available annual observations are aggregate population-level estimates, the phase-specific series
contain few observations, and the 2020 value is interpolated, no formal hypothesis test or standardised inferential effect size
was applied.

Table 4 presents a descriptive sensitivity analysis using the pre-pandemic mean (2017-2019), the observed 2021 value, and
the mean of the 20202021 pandemic-period values. Exploratory 95% bootstrap intervals were generated by resampling
annual observations within each phase (100,000 resamples; fixed seed 2026). These intervals are presented as a sensitivity
assessment of the instability of the aggregate mean difference and are not interpreted as formal population-level inferential
estimates. Interpretation therefore focuses on observed trends, point-to-point percentage-point changes, and the
documented limitations of the ecological design. No causal effect of COVID-19 is inferred from these descriptive
comparisons.

RESULTS

National Literacy Trends

National adult literacy increased from 59.13% in 2017 to 62.35% in 2019, a pre-pandemic gain of 3.22 percentage points over
two years. During the pandemic period, the national rate declined to an estimated 60.87% in 2020 (interpolated) and to
59.94% in 2021, based on the PSLM 2020-21 survey. The observed reduction from the 2019 baseline to 2021 was 2.41
percentage points. Recovery was observed from 2022 onwards (61.23%), continuing through 2023 (63.18%) and reaching
64.51% by 2024, 2.16 percentage points above the 2019 baseline. For scale only, applying the 2.41-percentage-point difference
to the approximately 133.5 million people aged 15 years and above in the PBS Labour Force Survey 2020-21 produces a
population-equivalent difference of approximately 3.2 million. This is a mathematical illustration of the rate difference, not
an estimate of individuals who became illiterate; the aggregate data cannot identify individual-level transitions.

Table 1. National and disaggregated adult literacy rates in Pakistan, 2017-2024 (%)

2017 59.13 70.21 48.09 74.32 49.26 —2.22 Pre-COVID
2018 60.44 71.38 49.52 75.11 50.43 -1.91 Pre-COVID
2019 62.35 72.97 51.73 76.54 52.18 Baseline Pre-COVID
2020* 60.87 71.42 50.27 74.88 50.84 -1.48 Pandemic
2021 59.94 70.38 49.41 73.65 49.97 -2.41 Pandemic
2022 61.23 71.64 50.78 74.93 51.36 =112 Recovery
2023 63.18 73.11 53.22 76.87 53.64 +0.83 Recovery
2024 64.51 74.23 54.78 78.02 55.11 +2.16 Recovery

*2020 value derived by linear interpolation (no PSLM round conducted). A = change from 2019 baseline in percentage points.
Source: PBS Labour Force Survey; PSLM 2018-19, 2020-21, 2022-23; UIS Pakistan dataset 2024.

Gender-Disaggregated and Urban—-Rural Findings

From 2019 to 2021, male literacy declined by 2.59 percentage points (from 72.97% to 70.38%), while female literacy declined
by 2.32 percentage points (from 51.73% to 49.41%). Although the absolute point decline was marginally larger for males, the
female decline originated from a substantially lower baseline: the relative reduction was 4.49% for females (2.32 / 51.73 x
100) compared with 3.55% for males (2.59 / 72.97 x 100), representing a proportionally greater impact on the group with
lower initial attainment. The gender gap stood at 21.24 percentage points in 2019 and narrowed to 19.45 percentage points
by 2024. From 2022 onwards, female literacy recovered more strongly (+3.05 pp above the 2019 baseline by 2024) than male
literacy (+1.26 pp). This pattern is consistent with the possible influence of targeted female education programming during
the recovery period; however, the observational design of this study does not permit direct attribution to specific

interventions, and alternative explanations cannot be excluded. .
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Urban literacy declined by 2.89 percentage points (from 76.54% to 73.65%) and rural literacy declined by 2.21 percentage
points (from 52.18% to 49.97%) from 2019 to 2021. Although the absolute point decline was larger in urban areas, rural
regions, where household internet access was approximately 12% in 2020 compared with 47% in urban areas? had
substantially less access to digital substitute learning. This structural difference is consistent with rural populations
experiencing disproportionate educational disruption per unit of school closure time relative to their baseline attainment,
though the ecological design does not permit causal attribution.

Table 2. Gender and urban-rural literacy gaps, 2017-2024

2017 70.21 48.09 2212 74.32 49.26 25.06
2019 72.97 51.73 21.24 76.54 52.18 24.36
2021 70.38 49.41 20.97 73.65 49.97 23.68
2024 74.23 54.78 19.45 78.02 55.11 2291

pp = percentage points. Gender gap = male minus female; urban—rural gap = urban minus rural. Source: PSLM Survey 2017-2024.

Provincial Analysis

Provincial trajectories varied substantially across the study period. Punjab, which entered the pandemic with the highest
provincial literacy rate (65.2% in 2019), experienced 68 weeks of school closure, declined by 2.1 percentage points (to 63.1%
in 2021), and recovered to 67.4% by 2024 (+2.2 pp above 2019). KPK showed the smallest pandemic-period decline of any
province (1.3 pp, from 54.8% to 53.5%); one plausible contributing factor identified in prior literature is the province's pre-
pandemic investments in digital learning infrastructure,22 though this hypothesis was not directly tested in this study and
should not be treated as an established finding. Sindh recorded the largest absolute pandemic-period decline (-3.2 pp, from
57.4% to 54.2%), recovering to only 58.1% by 2024 (+0.7 pp), the weakest provincial recovery trajectory.

Sindh's post-2021 pattern is likely compounded by the 2022 Pakistan floods, which according to government and UNICEF
reports damaged or destroyed approximately 17,000 schools and displaced approximately 7.9 million people.3,22 This
study's design cannot statistically separate the COVID-19 contribution from the flood effect in Sindh, an acknowledged
limitation. Balochistan, beginning from Pakistan's lowest provincial baseline (43.2% in 2019) and experiencing the longest
closures (76 weeks), declined to 40.7% in 2021 and recovered to only 44.6% by 2024 (+1.4 pp), consistent with a trajectory of
near-stagnation from a critically low starting point. ICT declined by 1.6 pp (to 78.8%) and recovered to 82.3% by 2024 (+1.9
pp). The association between provincial closure duration and literacy change is noted as a descriptive, exploratory
observation only; with five provincial data points, any apparent correlation is substantially underpowered and should not
be interpreted as a robust empirical relationship.

Table 3. Provincial literacy rates and school-closure duration, 2017-2024

Punjab 62.4 65.2 63.1 67.4 68 -2.1 +2.2
Sindh 54.1 57.4 54.2 58.1 72 =82 +0.7
KPK 52.3 54.8 53.5 56.9 65 -1.3 +2.1
Balochistan | 40.8 43.2 40.7 44.6 76 =25 +1.4
ICT 77.6 80.4 78.8 82.3 60 -1.6 +1.9

KPK = Khyber Pakhtunkhwa; ICT = Islamabad Capital Territory. Source: PBS, PSLM, MoEPT 2017-2024; MoEPT school
reopening records.
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Descriptive Pre-Post Comparison and Out-of-School Children

The primary comparison was descriptive. National adult literacy declined from 62.35% in 2019 to 59.94% in 2021, a reduction
of 2.41 percentage points. Across the disaggregated series, male literacy declined by 2.59 percentage points, female literacy
by 2.32 percentage points, urban literacy by 2.89 percentage points, and rural literacy by 2.21 percentage points over the
same interval. By 2024, national literacy had increased to 64.51%, while the gender and urban-rural gaps remained
substantial. Estimated out-of-school children increased from 20.3 million in 2019 to a pandemic-period peak of 26.2 million
in 2021 (+5.9 million; approximately 29% above baseline) before declining to 19.9 million by 2024.

Table 4. Descriptive summary of observed literacy changes, 2019-2024

Indicator Pre-COVID 2021 observed Pandemic Mean difference [Exploratory
mean (%) sensitivity  |(pp) bootstrap 95% CI
(2017-2019, %) mean (pp)
(2020-
2021, %)
National literacy [60.64 59.94 60.41 —-0.24 -1.95 to +1.30
Male literacy 71.52 70.38 70.90 -0.62 -2.07 to +0.82
Female literacy  49.78 49.41 49.84 +0.06 -1.89 to +1.75
Urban literacy 75.32 73.65 74.27 -1.06 —2.41 to +0.30
Rural literacy 50.62 49.97 50.41 -0.22 -1.78 to +1.19

pp = percentage points. The sensitivity mean is the arithmetic mean of the 2020 and 2021 aggregate estimates. Exploratory
bootstrap intervals use 100,000 resamples of annual observations within each phase (fixed seed 2026); because the number of
annual observations is very small, these intervals are not treated as formal inferential confidence intervals. Source: Tables 1-3 and
cited PBS/PSLM records.

DISCUSSION

This study provides harmonised descriptive time-series evidence that Pakistan's national adult literacy rate declined during
the pandemic period and that the recovery observed by 2024 was uneven across demographic and geographic strata. The
principal observed comparison was a 2.41-percentage-point reduction from 2019 to 2021. Because the data are aggregate, the
2020 value is interpolated, and the number of annual observations is small, the findings are interpreted as temporal changes
rather than causal effects of COVID-19.

The national rate reached 64.51% by 2024, 2.16 percentage points above the 2019 percentage baseline. The population-
equivalent calculation presented in the Results section is illustrative only and should not be interpreted as evidence that a
specific number of adults became illiterate. Because the denominator changes over time and the analysis does not estimate
individual-level transitions, the study focuses on literacy-rate trajectories rather than counts of newly illiterate adults.

The gender findings show that both male and female literacy declined between 2019 and 2021, with a larger absolute
percentage-point decline among males but a larger proportional decline relative to baseline among females. The gender gap
narrowed from 21.24 percentage points in 2019 to 19.45 percentage points in 2024. This descriptive pattern does not establish
the influence of any specific education intervention, and alternative explanations cannot be excluded.

The provincial findings have direct policy relevance. Balochistan entered the pandemic with the lowest provincial literacy
rate (43.2% in 2019), declined to 40.7% in 2021, and recovered to 44.6% by 2024. Sindh recorded the largest observed
pandemic-period decline (-3.2 percentage points) and recovered to 58.1% by 2024, only 0.7 percentage points above its 2019
level. The 2022 floods provide an important concurrent explanation to consider in interpreting Sindh's recovery, but this
study cannot statistically separate flood-related effects from pandemic-related effects. The relationship between school-
closure duration and literacy change is treated as descriptive and exploratory only.

IMPLICATIONS

These findings suggest several areas of potential policy relevance, while recognising that policy effectiveness was not tested.
The uneven provincial recovery supports consideration of targeted education-recovery resources for areas with the lowest
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literacy levels. The documented urban-rural digital-access gap supports prioritising rural connectivity within education and
digital-infrastructure planning. The persistent gender gap supports continued gender-responsive education strategies,
including attention to female-teacher availability in underserved settings. Future research should use district-level
longitudinal data and designs capable of separating pandemic-related disruption from other shocks such as the 2022 floods.

Beyond educational policy, the findings are relevant to health-system planning because literacy is related to access to health
information and effective use of health services. These implications are derived from the existing literature rather than
measured outcomes of this study; no direct health-literacy outcome was analysed.

LIMITATIONS

This study has several limitations. First, the ecological secondary-data design permits identification of temporal patterns but
cannot establish causality. Concurrent factors, including the 2022 Pakistan floods, macroeconomic conditions, political
instability, changes in survey methodology, and population growth, cannot be individually isolated. Second, the number of
annual observations is small, and the routine 2020 PSLM round was not conducted; therefore, the 2020 value is interpolated
and is used only for trajectory description. Third, earlier UIS records with a 10+ denominator were not converted to 15+ in
the final analytical series because the supplied source records do not provide a reproducible conversion formula. Fourth,
secondary data may be retrospectively revised by originating agencies. Fifth, adult literacy is a lagging population indicator
and does not directly measure contemporaneous school-age learning loss. Sixth, provincial estimates may have larger
uncertainty than national estimates, particularly in Balochistan.

CONCLUSION

Adult literacy in Pakistan declined from 62.35% in 2019 to 59.94% in 2021, an observed reduction of 2.41 percentage points
during the pandemic period. The decline was evident across sex and residence categories and varied substantially by
province. By 2024, national literacy had recovered to 64.51%, but gender, urban—rural, and provincial inequalities remained.
These findings describe a marked disruption followed by uneven recovery; they do not establish a causal effect of COVID-
19.
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Background: Cardiac surgery is indicated when medical therapy fails to control myocardial
ischemia, ventricular dysfunction, or hemodynamic instability. Conventional full
sternotomy carries substantial perioperative trauma, while minimally invasive cardiac
surgery (MICS) aims to reduce access-related morbidity, though evidence from Pakistan
remains limited. This study compared early postoperative recovery and examined factors
associated with prolonged ventilation and short intensive care unit (ICU) stay after MICS
versus conventional surgery.

Methods: In this retrospective cohort study, records of 98 adults (49 conventional, 49 MICS)
undergoing coronary or valvular surgery at a single tertiary center in Pakistan (November
2025-May 2026) were analyzed using the Mann-Whitney U test, chi-square or Fisher's exact
test, and multivariable binary logistic regression to examine factors associated with
prolonged ventilation and identify independent predictors of short ICU stay.

Results: MICS was associated with significantly shorter ventilation time, ICU stay and lower
intra-aortic balloon pump (IABP) use (6.1% vs 22.4%; p=0.040). Inotropic support and re-
exploration favored MICS without reaching significance (re-exploration: p=0.090). Surgical
approach was the only independent predictor of short ICU stay (adjusted odds ratio [AOR]
7.47, 95% CI 2.28-24.55, p=0.001) and approached significance for prolonged ventilation
(AOR 8.59, 95% CI 1.00-73.88, p=0.050); sex, diabetes, and hypertension were not significant
in either model.

Conclusion: MICS was associated with faster early recovery than conventional surgery in
this Pakistani cohort, despite higher BMI and longer operative time. Given the retrospective
design, these findings reflect association rather than causation and support prospective
evaluation of MICS in Pakistani tertiary centers.

Keywords: Minimally Invasive Surgical Procedures; Cardiac Surgical Procedures;
Postoperative Care; Intensive Care Units; Intra-Aortic Balloon Pumping

INTRODUCTION

Cardiovascular disease (CVD) remains the leading cause of death and disability worldwide, responsible for an estimated
19.2 million deaths and 626 million prevalent cases in 2023, with the greatest age-standardized burden concentrated in low
and low-middle sociodemographic-index countries !. Rising exposure to modifiable risk factors, population growth, and
aging are projected to push global cardiovascular deaths to 35.6 million annually by 205023 Coronary artery disease and
valvular heart disease, the two principal indications for cardiac surgery, are managed surgically by coronary artery bypass
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grafting (CABG) or valve repair/replacement when medical therapy alone cannot adequately control myocardial ischemia,
ventricular dysfunction, or hemodynamic compromise.

Conventional cardiac surgery, performed through a full median sternotomy, provides excellent surgical exposure but is
associated with substantial tissue trauma, blood loss, prolonged ventilation, extended intensive care unit (ICU) stay, delayed
mobilization, and sternal wound complications. Minimally invasive cardiac surgery (MICS) encompassing mini-
thoracotomy, partial sternotomy, thoracoscopic, robotic-assisted, and minimally invasive extracorporeal circulation
techniques aims to reduce these access-related effects while preserving procedural safety and efficacy 4 Meta-analytic
evidence broadly supports reduced blood loss and transfusion, shorter ventilation and ICU stay, and earlier mobilization
with MICS 456, but findings are not uniform: some large, randomized syntheses report no significant difference in ventilation
time, reintervention, or mortality 7, and evidence on inotropic support, intra-aortic balloon pump (IABP) requirement, and
re-exploration for bleeding remains sparse and inconsistently reported across studies 5°.

Pragmatic measures of early postoperative recovery were mechanical ventilation duration and stay in the ICU. To evaluate
the level of inotropic support and IABP use following surgery, they were added as well as re-exploration for bleeding as a
clinically relevant postoperative complication that could extend the need for ventilation and ICU care. These outcomes are
affected by patient characteristics, complexity of the procedure, peri-operative management and institutional practice and
may not be interpreted as causative differences between surgical groups 1. These latter three outcomes have been reported
particularly inconsistently: the largest randomized synthesis of minimally invasive extracorporeal circulation found no
overall reduction in inotrope or IABP requirement °, whereas a large single-center coronary bypass cohort reported
significantly lower postoperative IABP use after minimally invasive surgery 12, and appropriate prophylactic IABP support
in selected high-risk patients has itself been described as beneficial rather than indicative of inferior care '*. Comparing these
outcomes together, rather than in isolation, was intended to provide a more coherent picture of early recovery than existing
single-endpoint studies 4.

By reducing mechanical ventilation times, hospital and ICU stays and the cost of hospitalization, minimally invasive cardiac
surgery is more efficient of recovery than sternotomy, despite the higher upfront procedural costs 15. In Pakistan, where
MICS remains less widely practiced and ICU capacity is a limited and costly resource, prolonged postoperative recovery
has direct implications for bed availability, cost, and access to timely surgical care for other patients's. International findings,
generated largely under standardized enhanced-recovery pathways, may not generalize to Pakistani patient profiles,
perioperative practices, or resource constraints, and locally generated evidence comparing early recovery across both
surgical approaches is lacking.

This study therefore aimed to compare early postoperative recovery outcomes such as ventilation time, ICU stay, inotropic
and IABP requirement, and re-exploration for bleeding between adult patients undergoing MICS and conventional cardiac
surgery at a single tertiary-care cardiac center in Pakistan, and to examine factors associated with prolonged ventilation and
to identify independent predictors of short ICU stay after adjusting for sex, diabetes mellitus, and hypertension. We
hypothesized that MICS would be associated with more favorable early recovery across these domains than conventional
surgery.

METHODOLOGY

Study Design and Setting

This study used a quantitative, retrospective cohort design to compare early postoperative recovery outcomes between adult
patients who underwent MICS and those who underwent conventional cardiac surgery at a single tertiary-care cardiac
center in Pakistan. The participating hospital is a high-volume, urban referral center for complex cardiac disease with a
dedicated cardiothoracic surgical unit, an intensive care unit, and standardized postoperative monitoring protocols, and it
offers both conventional and minimally invasive surgical services. Data were drawn from the clinical records of patients
operated on at this single center between November 2025 and May 2026.

Participants

Eligible participants were adults (=18 years) who underwent CABG or valve surgery via conventional (median sternotomy)
or minimally invasive access and were subsequently admitted to the ICU with documented recovery parameters. Patients
were excluded if they underwent emergency or redo cardiac surgery, combined cardiac and major non-cardiac procedures,
had incomplete postoperative outcome data, or died intraoperatively. Non-probability, consecutive sampling was used
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within each surgical-approach group: eligible patients were enrolled in the order they appeared in the hospital registry until
the pre-calculated target of 49 patients per group (see Sample size) was reached in that group, yielding a final cohort of 49
conventional and 49 MICS patients. This quota-based consecutive approach, rather than open-ended enrollment of every
eligible patient identified during the study period, accounts for the exact 1:1 balance between groups. Because counts of
patients assessed beyond each group's quota cutoff were not separately logged during retrospective data extraction, the
participant flow diagram (Figure 1) reports the totals that could be reliably verified from source records, patients enrolled
up to the pre-calculated quota, and allocated to and analyzed in each surgical-approach group rather than a full assessed-
for-eligibility and reason-coded exclusion breakdown.

Figure 1. Participant flow diagram

Eligible patients enrolled via quota-based consecutive
sampling, in registry order, until each group's pre-calculated
target of 49 was reached (N = 98)

¥ v
Allocated to conventional Allocated to MICS
surgery (n = 49) (n = 49)
Analyzed Analyzed
(n = 49) (n =49)

Verified counts of eligible patients enrolled via quota-based consecutive sampling and the numbers allocated to and analyzed in the
conventional and MICS groups. Recruitment continued within each group, in registry order, until the pre-calculated quota of 49 patients
per group was reached; a per-reason breakdown of patients assessed and not enrolled is not presented, as these counts were not separately
recorded during retrospective chart review (see STROBE checklist, items 6b and 13a—13D).

Sample size

The required sample size was calculated in OpenEpi (version 3) using the sample size formula for comparing two means,
based on expected means and standard deviations for a key continuous early-recovery outcome drawn from prior
comparative literature 17, with a two-sided confidence level of 95%, power of 80%, and 1:1 allocation. This yielded a
minimum requirement of 49 patients per group (total N = 98: 49 conventional, 49 MICS). Recruitment proceeded via
consecutive sampling within each surgical-approach group separately, in registry order, until this per-group quota of 49
was reached, which is why the final cohort splits exactly 1:1 between approaches rather than reflecting the full, unequal
number of eligible patients identified during the study period. This calculation was powered specifically for the primary
continuous recovery outcome; it was not intended, and should not be interpreted, as providing adequate power for every
binary secondary outcome or multivariable model reported in this study.

Data collection

Data were extracted using a structured, investigator-developed proforma from operative notes, anesthesia records, ICU
charts, postoperative progress notes, and perfusion/hemodynamic records. Variables comprised demographic data (age,
sex), clinical data (diagnosis, procedure type, surgical approach), intraoperative variables (cardiopulmonary bypass [CPB]
use and duration, operative duration, estimated blood loss, transfusion, IABP use, temperature-management strategy), intra-
and postoperative complications, and the outcome variables of interest such as ventilation time, ICU stay duration, inotropic
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support requirement, IABP requirement, and re-exploration. Content validity was established through literature-based
instrument design and review by the research mentor and an experienced cardiac surgeon; reliability was supported by
extraction from objective clinical records and independent double-checking of a subsample against source documents. Data
were anonymized at extraction using unique study codes, double-entered into a password-protected electronic database,
and checked for completeness and internal consistency, with discrepancies verified against source records.

Statistical analysis

Analyses were performed in IBM SPSS Statistics version 26.0. Normality of continuous variables was assessed with the
Shapiro-Wilk test; normally distributed variables are presented as mean + standard deviation and non-normally distributed
variables as median (interquartile range, IQR). Categorical variables are presented as frequencies and percentages. Between-
group comparisons used the independent-samples t-test or Mann—-Whitney U test for continuous variables, as appropriate,
and the chi-square test for categorical variables with adequate expected cell counts; Fisher's exact test was used for
categorical outcomes with low event frequency (IABP use and re-exploration). Effect sizes (r for Mann-Whitney
comparisons) were calculated and interpreted using Cohen's benchmarks.

Two multivariable binary logistic regression models (enter method) were built to identify independent predictors of
prolonged ventilation (>48 hours) and short ICU stay (<3 days); both outcomes were coded as binary variables (1 = outcome
present, 0 = outcome absent), and both models were adjusted for sex, diabetes mellitus, hypertension, and surgical approach.
For categorical predictors, the reference category was male (for sex), diabetes mellitus present (for diabetes mellitus),
hypertension present (for hypertension), and MICS (for surgical approach); adjusted odds ratios therefore express the odds
of the outcome for female vs male, no diabetes vs diabetes, no hypertension vs hypertension, and conventional vs MICS,
respectively. Model fit was assessed with the Hosmer-Lemeshow test and Cox & Snell/Nagelkerke R2. Statistical significance
was set at p<0.05; p-values close to this threshold (including p=0.05) are reported and interpreted as continuous evidence of
association rather than classified strictly as "significant" or "not significant."

Ethical considerations

Ethical approval was obtained from the Institutional Review Board of The Operating Room Global (TORG-IRB; approval
reference TORG-IRB/2026/032501; protocol ID TORG-IRB-20260325-01) on 06 May 2026, and the study was conducted in
accordance with the Declaration of Helsinki and applicable national guidelines for biomedical research in Pakistan. It was a
retrospective review of clinical records generated during routine care between November 2025 and May 2026, no prospective
data collection, patient contact, or change to clinical management occurred at any point; retrospective abstraction of the
relevant medical records began only after IRB approval, and no data were analyzed prior to that date. All direct identifiers
were removed at extraction, and each participant was assigned a unique, non-identifying study code; data were stored on a
password-protected, encrypted device in accordance with institutional and national data-protection regulations.

RESULTS

Demographical characteristics

Ninety-eight adult patients were included: 49 (50.0%) underwent conventional surgery and 49 (50.0%) underwent MICS.
The cohort comprised 64 males (65.3%) and 34 females (34.7%), with an even split between coronary artery disease (49,
50.0%) and valvular heart disease (49, 50.0%), and between CABG (49, 50.0%) and valve surgery (49, 50.0%). Hypertension
was present in 56 patients (57.1%) and diabetes mellitus in 43 (43.9%). Overall clinical characteristics are summarized in
Table 1 and Figure 2.

Table 1. Baseline demographic and clinical characteristics of the study cohort (N = 98)

Variable Value (N =98)

Age, years, mean + SD 55.45 + 8.65

Sex, male, n (%) 64 (65.3)

Sex, female, n (%) 34 (34.7)

Body mass index, kg/m? mean + SD 26.07 +2.88

Ejection fraction, %, mean + SD 53.11 £ 8.30

Diagnosis — coronary artery disease, n (%) 49 (50.0)

Diagnosis — valvular heart disease, n (%) 49 (50.0)

Procedure — CABG, n (%) 49 (50.0)
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Procedure - valve surgery, n (%) 49 (50.0)
Surgical approach - conventional, n (%) 49 (50.0)
Surgical approach — MICS, n (%) 49 (50.0)
Hypertension, n (%) 56 (57.1)
Diabetes mellitus, n (%) 43 (43.9)
Operative duration, min, mean + SD 201.65 +43.50
Cardiopulmonary bypass time, min, mean + SD 76.40 + 43.63
Estimated blood loss, mL, mean + SD 385.30 +143.03
Intraoperative fluid balance, mL, mean + SD 1688.02 + 496.14
Intraoperative complications, n (%) 18 (18.4)
Bleeding, n (%) 8 (8.2)
Arrhythmia, n (%) 6 (6.1)
Hemodynamic instability, n (%) 4 (4.1)
Postoperative inotropic support, n (%) 31 (31.6)
Postoperative IABP requirement, n (%) 14 (14.3)
Postoperative re-exploration, n (%) 15 (15.3)

Figure 2. Distribution of key clinical variables in the study cohort (N = 98)

Hypertension
Diabetes Mellitus
Use of CPB 82.7%
Inotropic Support

IABP Used

Re-exploration Required

I T T

0 20 40 60 80 100

Percentage of patients (%)

Percentage of patients in the overall cohort (N = 98) with hypertension, diabetes mellitus, use of cardiopulmonary bypass (CPB),
postoperative inotropic support, intra-aortic balloon pump (IABP) use, and re-exploration.

Table 2 shows the conventional and MICS groups comparable in age, preoperative ejection fraction, and CPB time. However,
the MICS group had a significantly higher body mass index (BMI) (26.74 + 3.01 vs 25.38 + 2.60 kg/m?, p = 0.019) and longer
operative duration (222.65 + 42.05 vs 180.65 + 33.98 minutes, p = 0.001), whereas the conventional group had significantly
greater estimated blood loss (465.92 +136.23 vs 302.67 + 94.05 mL, p <0.001) and intraoperative fluid balance (median 1844.00
[IQR 684.00] vs 1392.00 [IQR 420.50] mL, p = 0.001).

Table 2. Baseline and perioperative characteristics by surgical approach (N = 98)

tonal (n =
Parameter Conven:g(;na (o MICS (n =49) p-value
Age, years, mean + SD 55.71 +9.60 55.18 +7.67 0.763
Body mass index, kg/m?, mean + SD 25.38 +2.60 26.74 +3.01 0.019
Ejection fraction, %, mean + SD 51.84 + 8.38 54.40 + 8.09 0.129
Operative duration, min, mean + SD 180.65 + 33.98 222.65 +42.05 0.001
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Estimated blood loss, mL, mean + SD 465.92 +136.23 302.67 +94.05 <0.001
CPB time, min, median (IQR) 82.00 (49.00) 92.00 (71.00) 0.157
Intraoperative fluid balance, mL,

1844. 4. 1392.00 (420. .001
median (IQR) 844.00 (684.00) 392.00 (420.50) 0.00

Note. Values are mean + SD, except CPB time and intraoperative fluid balance, which are reported as median (IQR) owing to non-
normal distribution. p-values are from independent samples t-tests for normally distributed variables and Mann—-Whitney U tests for
non-normally distributed variables.

Intraoperatively, complications occurred in 18 patients (18.4%): bleeding (8, 8.2%), arrhythmia (6, 6.1%), and hemodynamic
instability (4, 4.1%). Postoperatively, 31 patients (31.6%) required inotropic support, 14 (14.3%) required IABP, and 15 (15.3%)
required re-exploration.

Postoperative recovery outcomes by surgical approach

Ventilation time and ICU stay were both non-normally distributed (Shapiro-Wilk p <0.001 and p = 0.006, respectively) and
were therefore compared using the Mann—-Whitney U test. MICS was associated with significantly shorter ventilation time
(mean rank 29.61 vs 69.39; U = 226.00, Z = -6.925, p < 0.001, r = 0.42) and significantly shorter ICU stay (mean rank 30.37 vs
68.63; U =263.00, Z = -6.664, p < 0.001, r = 0.65) than conventional surgery, representing with large effects (Table 3, Figure
3A).

Postoperative support requirements followed a broadly consistent pattern (Table 3, Figure 3B). Because IABP use and re-
exploration were both low-frequency outcomes, group differences for these two variables were evaluated with Fisher's exact
test. IABP use was significantly less frequent after MICS (3/49, 6.1%) than after conventional surgery (11/49, 22.4%; Fisher's
exact p = 0.040). Re-exploration for bleeding was also less frequent after MICS (4/49, 8.2%) than after conventional surgery
(11/49, 22.4%), but this difference did not reach statistical significance (Fisher's exact p = 0.090). Inotropic support (11/49,
22.4% vs 20/49, 40.8%; x*(1) = 3.822, p = 0.051) showed the same direction of benefit without reaching significance. Effect
sizes (0.20-0.23) indicated small-to-modest associations for these three comparisons, consistent with a pattern of
directionally favorable but not uniformly statistically significant differences.

Table 3. Early postoperative recovery outcomes by surgical approach (N = 98)

Conventional (n

Outcome - 49) MICS (n = 49) Test statistic p-value
Ventilation time, mean 69.39 29.61 U=226.00,Z=-6.925,r <0.001
rank =0.42
ICU stay, mean rank 68.63 30.37 EJ O=62563‘00, 2=6.664,1 <0.001
if;‘;tmplc SUPPOTL M 90 (40.8) 11 (22.4) X2(1) = 3.822 0.051

(o)
IABP use, n (%) 11 (22.4) 3(6.1) Fisher's exact test 0.040
Re-exploration, n (%) 11 (22.4) 4(8.2) Fisher's exact test 0.090

Figure 3. Postoperative outcomes by surgical approach
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(A) Mean Ranks (Mann-Whitney U) (B) Postoperative Support Required
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(A) Mean ranks for ventilation time and ICU stay (Mann—Whitney U test); lower mean rank indicates shorter duration. (B) Percentage
of patients requiring inotropic support, IABP, or re-exploration, by surgical approach (conventional vs MICS).

Multivariable Analysis of Factors Associated with Prolonged Ventilation and Short ICU Stay

Two multivariable logistic regression models, adjusted for sex, diabetes mellitus, hypertension, and surgical approach, were
fitted for prolonged ventilation (>48 hours) and short ICU stay (<3 days) (Table 4 and Figure 3). The model for prolonged
ventilation was not statistically significant overall (omnibus x2 = 6.404, df = 4, p = 0.171; Nagelkerke R? = 0.146) but showed
adequate fit (Hosmer—-Lemeshow x?=10.288, p =0.245). At the default 0.50 classification cutoff, the model correctly classified
91.8% of cases, but sensitivity was 0%, specificity was 100%, and negative predictive value (NPV) was 91.8%; positive
predictive value (PPV) was not estimable because no cases were classified as prolonged ventilation. After adjustment,
conventional surgical approach showed an association with higher odds of prolonged ventilation; however, the estimate
was imprecise (AOR = 8.59, 95% CI 1.00-73.88, p = 0.050), and the overall model was not statistically significant. Sex (AOR =
0.72,95% CI10.12-4.34, p = 0.724), diabetes mellitus (AOR = 0.64, 95% CI 0.14-2.98, p = 0.569), and hypertension (AOR =1.52,
95% CI0.32-7.22, p = 0.598) were also not significant predictors.

The model for short ICU stay was statistically significant (omnibus x?=15.319, df =4, p = 0.004; Nagelkerke R? = 0.218), with
good fit (Hosmer-Lemeshow x? = 5.863, p = 0.663). At the default 0.50 classification cutoff, it correctly classified 76.5% of
cases, but sensitivity was 0%, specificity was 100%, and NPV was 76.5%; PPV was not estimable because no cases were
classified as having a short ICU stay. Surgical approach was the only significant independent predictor (AOR =7.47, 95% CI
2.28-24.55, p = 0.001); sex (AOR = 0.58, 95% CI 0.18-1.83, p = 0.350), diabetes mellitus (AOR = 1.14, 95% CI 0.40-3.30, p =
0.803), and hypertension (AOR =1.41, 95% CI 0.49—4.02, p = 0.526) were not significantly associated with ICU stay duration.
Because short ICU stay (<3 days) reflects earlier not delayed recovery, a higher AOR for this outcome indicates a greater
likelihood of the faster-recovery outcome, not a greater risk of a complication.

Table 4 Multivariable logistic regression analysis for predictors of prolonged ventilation and short ICU stay

Prolonged ventilation (>48 h)
AOR (95% CI), p

Short ICU stay (<3 days)

Predictor (reference group) AOR (95% CI), p

Sex (female vs male)

0.72 (0.12-4.34), p=0.724

0.58 (0.18-1.83), p = 0.350

Diabetes mellitus (no vs yes)

0.64 (0.14-2.98), p = 0.569

1.14 (0.40-3.30), p = 0.803

Hypertension (no vs yes)

1.52 (0.32-7.22), p =0.598

1.41 (0.49-4.02), p =0.526

Surgical approach (conventional

vs MICS) 8.59 (1.00-73.88), p = 0.050

7.47 (2.28-24.55), p=0.001

Note. AOR = adjusted odds ratio; CI = confidence interval. Both outcomes were coded as binary (1 = outcome present, 0 = outcome
absent). Reference categories: male (sex), diabetes mellitus present (diabetes mellitus), hypertension present (hypertension), and MICS
(surgical approach). Models adjusted for sex, diabetes mellitus, hypertension, and surgical approach (enter method).

Figure 3 Adjusted odds ratios for predictors of prolonged ventilation and short ICU stay
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(A) Prolonged Ventilation (>48h) (B) Short ICU Stay (<3 days)
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Adjusted odds ratios (95% confidence interval, log scale) from multivariable logistic regression for (A) prolonged ventilation
(>48 h) and (B) short ICU stay (<3 days). The dashed vertical line marks an odds ratio of 1 (no effect); estimates whose
confidence interval crosses this line are not statistically significant.

DISCUSSION

This retrospective cohort study compared early postoperative recovery between MICS and conventional cardiac surgery in
98 Pakistani adults. Consistent with our hypothesis, MICS was associated with significantly shorter ventilation time and
ICU stay and significantly lower IABP use, while inotropic support and re-exploration showed the same direction of benefit
without reaching conventional significance. After adjustment for sex, diabetes mellitus, and hypertension, surgical approach
remained the only independent predictor of short ICU stay and approached significance for prolonged ventilation.

The reduction in ventilation time with MICS (r = 0.42) aligns with observational and single-center evidence reporting earlier
extubation with minimally invasive or enhanced-recovery pathways >181°. It contrasts, however, with the two largest
randomized syntheses in the field, which found no significant difference in ventilation time 7. A plausible explanation is
that these meta-analyses pooled predominantly isolated valve procedures performed within standardized, protocol-driven
pathways, where extubation timing is governed more by institutional fast-track protocols than by incision size, whereas the
present study combined CABG and valve surgery at a single Pakistani center without a uniform enhanced-recovery or zero-
ICU pathway, so differences attributable to surgical trauma itself may remain more visible.

The reduction in ICU stay (large effect, r = 0.65) was the most robust finding of this study and the outcome most consistently
supported across the literature, including the largest randomized synthesis 7 and observational and matched studies '5°.
This convergence across study designs, settings, and procedure types is consistent with reduced ICU dependency being an
association with MICS rather than an artifact of case selection, and is compatible with a surgical stress and recovery model
in which reduced access trauma is linked to faster physiological stabilization; as with all findings in this retrospective cohort,
however, this remains an association rather than evidence of a causal mechanism.

The significantly lower rate of IABP use after MICS (6.1% vs 22.4%) replicates findings from a large coronary bypass cohort
in which minimally invasive off-pump surgery was associated with lower postoperative IABP use, even after propensity
matching, attributed partly to greater operative efficiency '2. This contrasts with the largest randomized synthesis of
minimally invasive extracorporeal circulation, which found no overall reduction in IABP or inotrope requirement °, a
discrepancy that likely reflects a difference in comparator: that synthesis evaluated perfusion strategy (minimally invasive
extracorporeal circulation versus conventional bypass) rather than surgical access route, whereas the present study, like Lei
et al. 12, compared surgical approach directly, capturing the combined effect of smaller incisions and reduced operative
trauma on hemodynamic stability. It is also worth noting that prophylactic or adjunctive IABP use in selected high-risk
patients may itself reflect appropriate support rather than inferior care ', underscoring the importance of interpreting group
differences in IABP use as a marker of perioperative course rather than of quality.
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In the adjusted regression models, surgical approach was the only significant independent predictor of short ICU stay and
approached significance for prolonged ventilation, while sex, diabetes mellitus, and hypertension were not significant in
either model (Table 4). This differs somewhat from studies emphasizing patient-level risk factors, such as ejection fraction
or comorbidity burden, as primary drivers of delayed recovery, and suggests that in this cohort, technique-related factors
outweighed the baseline patient characteristics measured. The relatively modest, explained variance (Nagelkerke R? 14.6—
21.8%) indicates that unmeasured intraoperative variables such as operative time, blood loss, transfusion, and perfusion
strategy likely account for additional variance not captured by this model.

An important contextual finding is that the MICS group had a significantly higher mean BMI and longer operative duration
than the conventional group, factors typically associated with greater technical difficulty and, if anything, expected to
disadvantage the MICS group. Despite this less favorable profile, the MICS group still showed significantly lower blood
loss, shorter ventilation and ICU stay, and lower IABP use. This pattern is compatible with the observed differences being
associated with surgical approach rather than a more favorable baseline risk profile, although, given the retrospective, non-
randomized design, residual confounding by unmeasured variables cannot be excluded and a causal relationship cannot be
established. This is broadly consistent with reports of preserved recovery benefit with minimally invasive approaches
despite comparable or higher baseline risk 1821,

This study's principal strength is its integrated assessment of five recovery domains within a single comparative cohort
powered for its primary continuous recovery outcomes, generated from routine clinical practice at a Pakistani tertiary-care
center, a setting largely absent from the existing comparative literature, which is dominated by high-income-country data
714, Several limitations should nonetheless be considered. The retrospective cohort design with non-probability, consecutive
sampling limits control of confounding and precludes firm causal inference. While the sample size was adequate for the
primary continuous outcomes, it was likely underpowered for the lower-base-rate binary outcomes (inotropic support, re-
exploration). The regression models explained only '“.6-21.8% of outcome variance, indicating that unmeasured
intraoperative factors were not captured. Only early postoperative recovery was assessed; longer-term outcomes such as
functional recovery, readmission, and quality of life were outside the scope of this study *. Finally, as data were drawn
exclusively from a single Pakistani tertiary-care center, findings may not generalize to other centers, lower-throughput
settings, or non-tertiary settings. The high apparent classification accuracy should therefore be interpreted cautiously: at the
0.50 cutoff, both models classified all observations into the majority (negative) outcome category, yielding 0% sensitivity
despite the reported overall accuracy.

Several recommendations follow from these findings for practice, policy, education, and future research. Multidisciplinary
case selection and postoperative monitoring protocols that account for surgical approach should be considered when
determining an appropriate patient population for cardiac surgical teams pursuing MICS for coronary artery disease or
valvular heart disease '?!. Hospital administrators and health policymakers should consider introducing MICS within
tertiary cardiac centers as a viable strategy to reduce critical-care burden, provided there is capacity to invest in surgeon
training, compatible perfusion equipment, and ICU resource planning??. In education, structured training and simulation-
based credentialing programs for trainees and practicing surgeons are needed to support the safe adoption of minimally
invasive approaches, alongside ongoing professional education on realistic, evidence-based recovery expectations. Future
research should prioritize larger, multicenter, prospective studies with standardized enhanced-recovery protocols to
confirm the borderline findings for inotropic support and re-exploration, incorporate unmeasured intraoperative factors
such as blood loss, transfusion, and perfusion strategy into multivariable models, and extend follow-up beyond the
immediate postoperative period to capture functional recovery, readmission, and quality of life '*. Cost-effectiveness
analyses comparing MICS with conventional approaches within Pakistani healthcare settings would further strengthen the
evidence base for future policy decisions.

CONCLUSION

In this Pakistani cohort of 98 adults treated at a single tertiary-care cardiac center, minimally invasive cardiac surgery was
associated with significantly shorter ventilation time and ICU stay and significantly lower IABP requirement than
conventional surgery, with inotropic support showing the same non-significant direction of benefit and re-exploration
showing a similar but weaker directional pattern that did not reach statistical significance (Fisher's exact p = 0.090). Surgical
approach was the only independent predictor of short ICU stay after adjustment for sex, diabetes mellitus, and hypertension,
and this association persisted despite a less favorable baseline profile (higher BMI) in the MICS group. As this was a
retrospective, single-center observational study, these findings should be interpreted as an association rather than proof of
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a causal benefit of MICS. They provide context-specific, hypothesis-generating evidence, largely consistent with
international data, in support of the continued and cautious adoption of minimally invasive approaches in Pakistani tertiary
cardiac centers, while highlighting the need for larger, prospective, multicenter studies to confirm effects on inotropic
support and re-exploration and to evaluate longer-term outcomes.
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Background: Thyroid nodules presenting with elevated circulating thyroid
hormones, but a non-suppressed thyrotropin (TSH) poses a diagnostic and
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scintigraphy, cytology, and histopathology are unavailable.
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Case presentation: A 30-year-old woman presented with a painful, progressive left
neck mass of one year’s duration. She was clinically euthyroid. Total
triiodothyronine was 4.46 nmol/L and total thyroxine 189.55 nmol/L, with a non-
suppressed TSH of 0.39 mIU/L (reference 0.30-4.20 mIU/L). Mild leukopenia
(white cell count 3.91 x 10°/L) and a platelet count of 334 x 10°/L were noted.
Thyroid ultrasonography, fine-needle aspiration, scintigraphy, free-hormone

assays, and histopathology were not available at the treating facility, and the
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family could not fund referral histopathology. After multidisciplinary discussion,

left hemithyroidectomy was performed without preoperative antithyroid drugs.
The recurrent laryngeal nerve and parathyroid glands were preserved. Estimated

blood loss was approximately 35 mL. There was no perioperative thyroid crisis,

(I EEEE Gl vl vocal change, or clinical hypocalcemia. At day-7 the wound healed and neck pain
had been resolved. Postoperative thyroid function tests and longer-term

E E biochemical follow-up were not obtained.
y : Conclusion: In this patient, clinical euthyroidism and a non-suppressed TSH,

together with baseline leukopenia, supported withholding thionamides and

proceeding to hemithyroidectomy for a symptomatic mass. These observations

apply to the circumstances described and do not constitute a validated general

management algorithm. Lack of imaging, cytology, histopathology, and
postoperative thyroid function tests is a major limitation.

Keywords: thyroid nodule; hemithyroidectomy; discordant thyroid function tests;
euthyroid hyperthyroxinemia; resource-limited setting; case report

INTRODUCTION

Thyroid nodules are common. Palpable thyroid masses are identifiable in approximately 4-7% of adults, and ultrasound-
detectable nodules may be present in a much larger proportion of screened populations [1,2]. Contemporary guidelines for
adult thyroid-nodule evaluation rest on clinical assessment, measurement of TSH (with free thyroxine when TSH is
abnormal), high-resolution ultrasonography, and, when indicated, ultrasound-guided fine-needle aspiration (FNA) [3,4]. In
usual physiology an inverse log-linear relationship exists between free thyroid hormones and pituitary TSH [5].
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Autonomous hypersecretion by a hyperfunctioning nodule (toxic adenoma) typically suppresses TSH, often to <0.1 mIU/L

[6].

Occasionally, laboratory testing shows elevated total triiodothyronine (IT3) and thyroxine (T4) with a normal, non-
suppressed TSH. This pattern does not establish a single diagnosis. The differential includes euthyroid hyperthyroxinemia
related to binding-protein abnormalities, the early phase of an autonomously functioning nodule before full TSH
suppression, immunoassay interference (including heterophile antibodies and biotin), and, rarely, resistance to thyroid
hormone [7-9]. In well-resourced settings these possibilities may be refined with free-hormone assays (preferably by
equilibrium dialysis or tandem mass spectrometry), binding-protein measurement, scintigraphy, and, when indicated,
genetic testing [7,8]. In many regional hospitals in sub-Saharan Africa such investigations are unavailable [10,11]. Clinicians
must then weigh the theoretical risk of perioperative thyrotoxic crisis against the need to treat a symptomatic neck mass
[12].

We report the evaluation and hemithyroidectomy of a young woman with a painful left thyroid mass, elevated total T3 and
T4, a non-suppressed TSH, and mild leukopenia, managed in a resource-limited hospital without ultrasonography, FNA,
scintigraphy, or histopathology. Possible explanations for the biochemical discordance are presented as hypotheses, not as
confirmed diagnoses.

CASE PRESENTATION

Patient information

A 30-year-old woman presented to the surgical outpatient clinic of Hospital Protestant de Ngaoubela with a progressive
swelling on the left side of the neck. She first noticed a small, painless lump about one year before admission. The swelling
enlarged gradually. Localized dull pain then developed and prompted hospital attendance.

She reported no dyspnea, dysphagia, odynophagia, or hoarseness. She denied palpitations, heat intolerance, diaphoresis,
involuntary weight loss, tremor, hyperdefecation, and emotional lability. There was no known chronic endocrine,
autoimmune, or hematological disease and no previous surgery. Obstetric history was gravida 2, para 1, with Living 1.
Family history was negative for goiter, thyroid cancer, and multiple endocrine neoplasia. She did not smoke or drink alcohol
and reported no prior head or neck irradiation.

Clinical findings

She was alert and not in distress. Blood pressure was 109/79 mmHg, pulse 90 beats per minute (regular, normal volume),
temperature 36.1 °C, and weight 61 kg. Heart sounds were normal without murmur. The chest was clear without stridor.
The abdomen was soft without organomegaly. Deep-tendon reflexes were normal; there was no outstretched-hand tremor.
The anterior neck showed an asymmetrical left thyroid mass, approximately 4.5 x 3.5 cm, firm to rubbery, mildly tender on
deep palpation, and mobile with swallowing. There was no tracheal deviation, skin or muscle fixation, or palpable cervical
lymphadenopathy.

Timeline
Table 1 summarizes the clinical course.

Timepoint Event

Month -12 Patient notices a small, painless left neck lump.

Month -1 Lump enlarges; localized dull pain develops.

Day 1 (admission) C.linical assessment: clinically euthyroid; pulse 90 bpm; stable vital
signs. Laboratory tests ordered.

Day 2 Elevated total T3/T4; TSH 0.39 mIU/L (non-suppressed); mild
leukopenia.

Day 3 Pre-anesthetic evaluation. Thionamides withheld because of clinical
euthyroidism, non-suppressed TSH, and baseline leukopenia.

. Left hemithyroidectomy. Recurrent laryngeal nerve and parathyroid

Day 4 (operation) glands presered. Estin}llated blood lossy ~3g5 mL. No thyr(id cris}ils.
Uneventful ward recovery; drain output low; clinically normocalcemic;

Days 4-5 .
normal voice.

Day 6 Discharge on oral analgesics; drain removed.
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Wound healing well; pain resolved; voice normal. Histopathology and
postoperative thyroid function tests not obtained (see Limitations).

Day 13 (clinic)

Table 1. Timeline of presentation, intervention, and short-term follow-up.

Diagnostic assessment

Complete blood count (Table 2) showed a white-cell count of 3.91 x 10°/L (reference 4.00-10.00), granulocyte count 1.81 x
10°/L (reference 2.00-7.80), and platelet count 334 x 10°/L (local reference 100-300). Hemoglobin was 131 g/L.

Thyroid function tests (automated immunoassay of total hormones; Table 3) showed TSH 0.39 mIU/L (reference 0.30-4.20),
total T3 4.46 nmol/L (reference 1.23-3.07), and total T4 189.55 nmol/L (reference 66.00-181.00). Free T3, free T4, thyroxine-
binding globulin, thyroid autoantibodies, and heterophile-antibody or biotin interference studies were not available.

Thyroid ultrasonography, FNA cytology, and radioisotope scintigraphy were not performed because they were not available
at the treating hospital and could not be funded off-site. The working clinical diagnosis was a symptomatic solitary left
thyroid mass. The biochemical pattern (elevated total T3/T4 with non-suppressed TSH) was recorded as discordant and
unexplained. Possible explanations, euthyroid hyperthyroxinemia, early nodular autonomy, assay interference, or (least
likely on clinical grounds) thyroid-hormone resistance—could not be confirmed or excluded. Malignancy could not be
excluded without cytology or histopathology.

Therapeutic intervention

On hospital day 3 the team considered whether thionamides and betablockade were required before surgery. The patient
was clinically euthyroid, TSH was not suppressed, and there was baseline leukopenia. Thionamides were therefore
withheld, to avoid an unnecessary agranulocytosis risk in a patient who did not have overt thyrotoxicosis [13,14]. This was
a case-specific judgment, not a protocol for all discordant thyroid function tests.

On day 4, left hemithyroidectomy was performed under general anesthesia with standard monitoring. A transverse collar
incision was used. The left lobe contained a firm nodular mass measuring approximately 4.5 x 3.5 x 3.0 cm, without gross
extracapsular invasion or adherence to the carotid sheath or trachea. The right lobe and isthmus appeared macroscopically
normal. The superior thyroid vessels were ligated close to the gland. The left recurrent laryngeal nerve was identified in the
tracheoesophageal groove and preserved. Both left parathyroid glands were identified and preserved with their vascular
pedicles. The isthmus was divided. Estimated blood loss was approximately 35 mL. There was no intraoperative tachycardia,
hypertension, or other feature of thyroid storm. A closed suction drain was placed. The patient was extubated awake with
a normal voice.

The excised lobe was intended for histopathological examination. No histopathology service exists at the hospital, and the
family had no funds to send the specimen to a distant laboratory. The specimen could not therefore be processed. This gap
is acknowledged as a central limitation of the report.

Follow-up and outcomes

Immediate recovery was uneventful. Airway and hemodynamics were stable (blood pressure 115/75 mmHg, heart rate 82
bpm). Drain output was 15 mL in the first 24 hours. The voice was normal. There was no clinical hypocalcemia (no
paresthesia; Chvostek and Trousseau signs negative). The drain was removed on postoperative day 2. She was discharged
the same day on oral paracetamol and a short course of ibuprofen.

At clinic review on postoperative day 13 the cervical wound was clean and healing. Neck pain had resolved. The voice
remained normal. Postoperative thyroid function tests were not obtained because of cost and laboratory constraints. Longer-
term clinical or biochemical follow-up is not available. These absences are limitations and preclude any claim of biochemical
cure or exclusion of later hypothyroidism or recurrent thyrotoxicosis.

Patient perspective

With written consent, the patient stated: “For a whole year, I watched the lump in my neck grow larger, and when it started
to ache constantly, I became deeply worried about my health and my ability to care for my family. Learning that my blood
tests were somewhat unusual added to my initial anxiety. However, the doctors explained the surgical plan clearly and
reassured me. Waking up from surgery with my normal voice and realizing the constant aching pain in my neck was entirely
gone was an incredible relief. I am very grateful for the smooth recovery and feel completely restored to my normal daily
life.”
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DISCUSSION

Discordant thyroid function tests, elevated circulating thyroid hormones with non-suppressed TSH are uncommon and
require cautious interpretation [7,8,15]. Published series often describe extensive laboratory work-up that was not accessible
here. Most thyroidectomies reported from sub-Saharan African hospitals are performed for compressive multinodular
goiter, overt toxic adenoma with suppressed TSH, or suspected cancer [11,16,17]. Standard teaching is that overt
thyrotoxicosis should be controlled medically before elective thyroidectomy to reduce the risk of thyroid storm [6,12]. That
teaching applies to confirmed thyrotoxicosis. It does not automatically apply to a clinically euthyroid patient whose only
abnormality is elevated total T3/T4 with TSH still within the reference interval.

Interpretation of discordant thyroid function tests

Confirmed findings in this case are limited: a symptomatic left thyroid mass; clinical euthyroidism; elevated total T3 and
total T4; TSH 0.39 mIU/L (within the local reference range, near its lower limit); mild leukopenia; and an uncomplicated
hemithyroidectomy with short-term symptomatic relief.

The cause of the biochemical discordance was not established. Binding-protein excess can raise total hormone concentrations
while free hormone and TSH remain normal [18]. Early autonomy of a nodule can raise hormone output before TSH is fully
suppressed [6,19]. Immunoassay interference can produce spurious results [9,20]. Resistance to thyroid hormone is rare and
was not investigated [21]. None of these mechanisms was demonstrated in this patient. Free-hormone measurement,
binding-protein assays, interference work-up, and scintigraphy would have been required to move from possibility to
diagnosis. Those tests were unavailable. Statements in earlier versions of this manuscript that attributed the profile to
euthyroid hyperthyroxinemia or transitional autonomy with undue certainty have therefore been withdrawn.

Hematological findings and antithyroid drugs

Mild leukopenia and a modestly raised platelet count were recorded. Their mechanisms were not investigated. Benign ethnic
neutropenia is common in some African populations [22], and reactive thrombocytosis can accompany inflammation [23],
but neither was proven here. The practical relevance of the blood count was limited to the decision not to start thionamides,
which carry a small but well-documented risk of agranulocytosis [13,14].

Surgery in a resource-limited setting

Where ultrasonography, FNA, and scintigraphy are absent, surgery for a progressive, painful mass may be both treatment
of symptoms and the only remaining diagnostic step provided the family can obtain histopathology. In this case even
histopathology was unaffordable. Hemithyroidectomy relieved pain and removed the mass, with nerve and parathyroid
preservation and no perioperative crisis. That outcome supports feasibility of carefully selected surgery under the conditions
described. It does not show that the approach is universally safe or curative, nor that it should be used as a general algorithm
[16,17,24]. Figure 1 depicts only the pathway used for this patient.

LIMITATIONS

This report has substantial limitations. (1) No thyroid ultrasound, FNA, or scintigraphy. (2) No free T3/T4, binding-protein,
autoantibody, or assay-interference studies. (3) No histopathological diagnosis of the excised lobe, because the hospital has
no histopathology service and the family could not fund external processing. (4) No postoperative thyroid function tests and
no follow-up beyond 7 days after discharge. (5) Single-patient observation. These gaps prevent definitive classification of
the nodule and of the biochemical discordance.

CONCLUSION

A clinically euthyroid woman with a painful left thyroid mass, elevated total T3 and T4, and a non-suppressed TSH
underwent uneventful left hemithyroidectomy without thionamide preparation in a hospital without imaging, cytology, or
histopathology. Short-term pain relief and an intact voice were achieved. The biochemical discordance remains unexplained.
The management described is specific to this patient and these constraints. It should not be read as evidence that the same
pathway is generally safe, curative, or guideline equivalent.

CARE checklist
This revised manuscript was checked against the CARE case-report framework: title identifies the report as a case report;
keywords are provided; abstract includes background, case, and conclusions; introduction states the rationale; patient
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information, clinical findings, timeline, diagnostic assessment, intervention, follow-up, and outcomes are described; the
patient’s perspective and informed consent are included; discussion separates confirmed findings from hypotheses and
states limitations. Histopathology, advanced diagnostics, and long-term biochemical follow-up could not be reported
because they were not obtained.

Patient consent
Written informed consent was obtained from the patient for publication of this case report and anonymized laboratory data.
A copy of the consent form is available for review by the Editor-in-Chief on request. Identifying details have been omitted.

Ethical approval

Management and retrospective reporting complied with the Declaration of Helsinki. The Institutional Ethics and Review
Board of Hospital Protestant de Ngaoubela, Cameroon, exempted formal review because this is an anonymized report of
standard care without experimental intervention.
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TABLES

Table 2. Complete blood count at admission

Parameter Value Unit Reference Flag
White-cell count 391 x 10%/L 4.00-10.00 Low
Lymphocytes 1.22 x 10%/L 0.80-4.00 Normal
(absolute)

Mid cells 0.8 x 10°/L 0.10-1.80 Normal
(absolute)

Granulocytes 1.81 x 10°/L 2.00-7.80 Low
(absolute)

Lymphocytes 31.2 % 20.0-40.0 Normal
Mid cells 22.6 % 1.0-15.0 High
Granulocytes 46.2 % 50.0-70.0 Low
Red-cell count 4.42 x 1012/L 3.50-5.00 Normal
Hemoglobin 131 g/L 110-150 Normal
Hematocrit 0.417 fraction 0.370-0.470 Normal
MCV 86.6 fL 80.0-100.0 Normal
MCH 27.3 pg 27.0-34.0 Normal
MCHC 315 g/L 320-360 Low
RDW-CV 14.3 % 11.0-16.0 Normal
Platelet count 334 x 10°/L 100-300 High
Mean platelet 9.9 fL 6.5-12.0 Normal
volume

Plateletcrit 3.32 mL/L 1.08-2.82
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Mild leukopenia and a platelet count above the local reference interval were noted. Mechanisms were not established;
the counts informed the decision to avoid thionamides.
Table 3. Thyroid function tests at admission

Parameter Value Unit Reference Interpretation
Within reference
TSH 0.39 mlIU/L 0.30-4.20 (near lower limit);
not suppressed
Total T3 4.46 nmol/L 1.23-3.07 Elevated
Total T4 189.55 nmol/L 66.00-181.00 Elevated
Free T3 / free T4 Not measured — — Unavailable
TBG / interference .
, Not performed — — Unavailable
studies

Discordant pattern: elevated total thyroid hormones with non-suppressed TSH. Cause not confirmed.

Figure 1.

CLINICAL DECISION-MAKING PATHWAY USED FOR THIS PATIENT

(Not a validated or general clinical algorithm)
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Figure 1. Clinical decision-making pathway used in this particular case at
Hospital Protestant de Ngaoubela.

It is not a validated management algorithm and should not be applied universally.
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ABSTRACT

Background/Objective: This study explored strategic measures for
overcoming barriers to preventive cervical cancer screening among women
attending tertiary health facilities in Northwestern Nigeria.

Study Design: Qualitative study.

Setting: The study was conducted across three health facilities in Jigawa,
Kaduna, and Katsina States, Nigeria.

Methods: Data were collected using a semi-structured interview guide
comprising demographic characteristics and six questions exploring
potential strategies for overcoming barriers to cervical cancer screening.
Sixty participants were interviewed, with 20 selected from each facility.
Data was coded and analysed thematically.

Results: Most respondents were aged 40 years and above (42%).
Participants generally did not support allowing women to self-collect
samples and did not consider self-sampling an appropriate strategy for
overcoming screening barriers, primarily because of concerns regarding
possible sample contamination.

Conclusion/Recommendations: Most respondents did not support self-
sampling for cervical cancer screening because of concerns about sample
contamination. Strategies identified for addressing screening barriers
included enhanced training for healthcare workers and intensified
sensitisation and awareness activities within the study area.

Keywords: Strategic measures; cervical cancer prevention; cervical cancer
screening; screening barriers; Nigeria.
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INTRODUCTION

Improving the uptake of cervical cancer screening requires effective strategies to overcome barriers to its acceptance and
utilisation. One important strategy is increased community sensitisation and awareness. The strategic measures to overcome
barriers that will prevent cervical cancer screening were identified through various literature, some of the strategic measures
commonly identified by respondents in different literature were: public campaigns, improve access to health facilities,

CC-BY 4.0 Licensed
The Operating Room Global Journal



The Operating Room Global Journal (TORGJ) Volume 2 Issue 3 September 2026

proper sensitization to the target population, employment of more skillful health personal, improve the screening services,
ensure availability of screening equipment (1), (2) reported that, mass media campaigns on preventive cervical cancer
screening, management, surgical and clinical features that affect cervical cancer screening are social norms, there is a need
to improve in positive attitude change among the target population to prevent cervical cancer. Research reported that,
reduction the charge of cervical cancer services, or government should make it free and preferably female healthcare
providers should perform the procedure also health facilities should be located within the community (3).

MATERIAL/ METHOD
Design: Qualitative study
Study Setting: The study area of the study consists of three states in the northwestern geopolitical zone of Nigeria, namely:
Jigawa, Kaduna and Katsina states
Study Population: 60 respondents, 20 selected from each of the three facilities
Inclusion: All health care providers working in Obstetric & Gynecological clinics
Exclusion Criteria: Those who refuse of give their consent to participate in the research

Sampling Strategy: The multi-stage sampling was applied, it follows three stages - In the first stage, three (3) out of seven
(7) northwestern states were chosen at random using simple balloting method of simple random sampling. In the second
stage, Teaching hospitals were purposely as the tertiary hospitals for the study. Finally, the health personnel serving at the
departments were used for the purpose of interview.

Participant recruitment: The researcher and the research assistants were physically present in facilities and interacted with
the respondents to clarify and further explain the questionnaire contents where necessary. The assistants were trained about
the interview guide used and the process to be followed while conducting the interview. The team was thoroughly
monitored by the researcher during the data collection period.

Interview procedures: Semi-structured interview guide was used for the study, which is of two sections: Section ‘A’ on
Demographic data with four (4) items on Age, Sex, Highest qualification and years of working experience. ‘B” section which
contains six (6) items enquiries on the possible strategies to overcome barriers to preventive cervical cancer screening among
the study population Three health facilities were under study in which the in-person interview.

Interview duration: 15-30 minutes

Thematic analysis procedure: Data were coded and analyzed thematically using (4) six-phase approach.

Measures undertaken to ensure credibility: Trustworthiness and Authenticity of the data collection instruments was ensured
using the four alternative criteria paralleling for ensuring Validity and Reliability as in the case of quantitative study.

RESULTS
Table: 1 Demographic data of the respondents
S/N AGE Frequency Percentages
1 40 and above 23 42
30-39 20 36
3 20-29 12 22
Total 55 100%
SEX Frequency percentages
1 Male 15 27
Female 40 73
Total 55 100%
Highest qualification Frequency Percentages
1 Diploma in midwifery 17 31
HND 10 19
3 BNSC 10 25
Page CC-BY 4.0 Licensed
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4 MBBS 9 16
5 MSC 5 9
Total 55 100%
Years of experience Frequency Percentages
1 Above 30 4 7
2 20-39 9 16
3 10-19 19 35
4 0-09 23 42
Total 55 100%

The data on table 1 indicates that, majority of the respondents fall within 40 and above years, female were dominated (73%),
diploma in midwifery (32%) and years of experience 0-9 (42%

Theme 1: Respondents views on allowing women to be taking sample by themselves as a strategy to overcome the barrier
Based on the interviews conducted, virtually all the respondents expressed that, they don’t allow client to take sample by
themselves and hold the view that, they don’t see doing that as a measure to overcome barrier to the screening. To some,
doing that may even leads to contamination of the samples instead. As can be reflected in this response quoted “No, we do
not; Nurse takes the sample for safety and accuracy. No allowing them to take the sample to me cannot be among the
strategies to overcome any barrier to cervical cancer screening”. (KD Midwife, 41years).

Theme 2: Communication and empathy of the health care providers help in reducing women’s fear and even overcome
resistance to be treated by a male health care provider

According to the study findings, the good communication and showing empathy to the client while conducting cervical
cancer screening can be a strategy or measure to overcome barrier to the screening among the study population. This has
been what is containing in the respondents’ views across the institutions under study. A justification to the said is a quote
from the respondents view while responding on the role good communication and empathy of the health provider play role
in reducing patients fear during screening and overcome their resistance to be treated or screened by a male health worker
is a precise response of one respondent from Kaduna State Teaching Hospital “Yes, when we communicate well and show
empathy women will feel safe and more respected, it help them to overcome fear and trust the male health provider more.
Friendly approaches always make a different”. (KD Midwife, 35 years).

Theme 3: Continuous training of doctors and other healthcare providers carrying out the screening serve as strategy to
overcome barrier to the cervical cancer screening

All the respondents interviewed across the three institutions under study viewed that continuous training of the health
workers will go a long way in overcoming the barrier to the screening among the population of the study.

Theme 4: Showing honesty to the patients, building their confidence and ensuring confidentiality of their health status serves
as a strategy to overcome barrier to screening.

Responses from the respondents has been revolving around these areas when asked regarding ways to improve trust in
health service in general and in the cervical cancer screening relevance in particular as a strategic measure to overcome
barrier to the screening. A good example of these views is one expressed by a respondent from katsina State Teaching
Hospital “Trust can help greatly because we if are honest to our patients, the patients will feel free with you and sometime
even discuss something with you even not discuss with her husband, it give a successful outcome in every intervention,
confidentiality will be maintained. You know when patient trust you, she is confident on you, so she can view out her
problems, share her own ideas, feeling and whatsoever”. (KD Public health, 55years).

Theme 5: Ways to improve level of uptake of cervical cancer screening among women attending obstetrics and gynecology

in the institutions under study.

Respondents have expressed numerous views in response to this theme, but the views can be curtailed within three key

areas as bellow:

1. Providing regular health education by the health workers on the stressing the relevance of the cervical cancer screening
at hospital clinics and wards.

2. Taking enlightenment campaigns on cervical cancer screening to communities and various gatherings.
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3. Ensuring availability of free and adequate cervical cancer screening service at various health facilities to cut across
primary, secondary and tertiary.

However, above are the responses from the respondents across the three tertiary health facilities covered by the study. Some
responses can be seen below for clarification:

“It can be improved through continuous health education. At every step of the contact out- patients (both attending ante-
natal and other clinics) should be enlighten more on the benefits of the screening”. KT Medical doctor 45 years “Creating
awareness, meeting them at community level, do not wait for them to come to the tertiary institutions, they should be met
at the grass root level, creating awareness on the disease and where to get help”. (KT Midwife, 55 years).

DISCUSSION

Majority of the respondents fall within 40 and above years, The study is in contrast with the previous study conducted by
(5), which showed that, majority of respondents were within the age range of ,50-59 years (40.7%), However, sex wise,
majority of the respondents are female occupying while only fewer were male, this might be associated with the nature of
the department. The study supported a previous study conducted by (5), which revealed that, majority (88.9%) were female
and (11.1%) are Male. On the highest qualification obtained by the individual respondents, those with diploma in midwifery
are the majority then, followed by BNSC holders , HND, MBBS and MSc .The finding in corroborates with the finding of (5).
Medical Doctor, Nurse (40.7%) Midwife (11.1%)The years of experience of the as shown, majority (42%) are within the range
of 00 - 09 years of experience, (35%) fall within 10 - 19, (16%) are within 20 - 29 and (7%) within the range of thirty (30) and
above respectively.

Respondents’ views on allowing women to be taking sample by themselves as a strategy to overcome the barrier

Based on the interview conducted, virtually all the respondents expressed that, they don’t allow client to take sample by
themselves and hold the view that, they don’t see doing that as a measure to overcome barrier to the screening. To some
doing that may even lead to contamination of the samples instead. As can be reflected in this response quoted “No, we do
not; Nurse takes the sample for safety and accuracy. No allowing them to take the sample to me cannot be among the
strategies to overcome any barrier to cervical cancer screening”.(KD Midwife 41) The finding is consisted with the studies
of (6) found out, respondents preferred to do they examinations by themselves than health care provider, the beliefs it might
help to minimizer pain. it depends on the patient if the patient feels comfortable that way we can allow her to take it by
herself KD, midwife ,35years

Communication and empathy of the health care providers help in reducing women’s fear and even overcome resistance
to be treated by a male health care provider.

According to the study finding, the good communication and showing empathy to the client while conducting cervical
cancer screening can be a strategy or measure to overcome barrier to the screening among the study population. This has
been what is containing in the respondents’ views across the institutions under study. A justification to the said is a quote
from the respondents view while responding on the role good communication and empathy of the health provider play role
in reducing patients fear during screening and overcome their resistance to be treated or screened by a male health worker
is a precise response of one respondent from Kaduna State Teaching Hospital “Yes, when we communicate well and show
empathy women will feel safe and more respected, it help them to overcome fear and trust the male health provider more.
Friendly approaches always make a different”. KD Midwife 35 years “The finding of this study supported the previous
study of (5), who found out that, good communication skills of health personnel can contribute massively in encouraging
the participants acceptability to a procedure of cervical cancer screening or Pap smears. In same study, the author lamented
that respondents feel uncomfortable if it a male health care provider to carried out the procedure on gynecological
investigation. “We feel more comfortable if it is female health personnel is performing the procedure” said by majority of
the respondents.

Also, respondents indicate that, bad communication between clients and health personnel affect the acceptance of the
screening, they lamented that some health personnel will not have time to exemplify the procedure or some do not do the
ideal regarding the procedures (5), unlike the present study which indicate that, Good communication and sympathy among
health care workers can help in reduces participants fear and allows male health personnel to attend to them (5), good
communication skill and Friendly approaches can allow male health personnel to perform the procedure. (3), reported that,
respondents preferred female health care personnel for the cervical cancer screening while some did not identify.
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Continuous training of doctors and other healthcare providers carrying out the screening serve as strategy to overcome
barrier to the cervical cancer screening,.

All the respondents interviewed across the three institutions under study viewed that continuous training of the health
workers will go a long way in overcoming the barrier to the screening among the population of the study. The finding is
consisted with finding of (5),who reported that, lack of training of health personnel lead misinterpretation of result, so there
is need for training of health personnel and also recommended that some investigation instruments on cervical cancer
screening such as human papilloma virus detection or colposcopy in the Centre. Establishment of services there is need for
small training like workshop and seminar on cervical cancer screening and longtime training such as take a course, this will
help in the update of knowledge(7). The study showed that, health personnel should undergo training,

and materials should be availability in order to maintaining the achievement of screening exercises (8).

Showing honesty to the patients, building their confidence and ensuring confidentiality of their health status serves as
a strategy to overcome barrier to screening.

Responses from the respondents has been revolving around these areas when asked regarding ways to improve trust in
health service in general and in the cervical cancer screening relevance in particular as a strategic measure to overcome
barrier to the screening. A good example of these views is one expressed by a respondent from katsina State Teaching
Hospital “Trust can help greatly because we if are honest to our patients, the patients will feel free with you and sometime
even discuss something with you even not discuss with her husband, it give a successful outcome in every intervention,
confidentiality will be maintained. You know when patient trust you, she is confident on you, so she can view out her
problems, share her own ideas, feeling and whatsoever”. KD Public health 55years” The finding of this study is in consisted
by study conducted by (9), it was reported that, respondents were feeling shy during the procedure as result of some health
care workers do not maintain confidentiality. There is needs for sensitization amongst health care provider, continues and
maintain trust and confidentiality in the process of carried out they duties. The research was shown that, improving
confidence of the respondents by health personnel should endure screening are recommended. (7).

Ways to improve level of uptake of cervical cancer screening among women attending obstetrics and gynecology in the
institutions under study.

Respondents have expressed numerous views in response to this theme, but the views can be curtailed within three key
areas as below:

1. Providing regular health education by the health workers on the stressing the relevance of the cervical cancer screening
at hospital clinics and wards.

2. Taking enlightenment campaigns on cervical cancer screening to communities and various gatherings.

3. Ensuring availability of free and adequate cervical cancer screening service at various health facilities to cut across
primary, secondary and tertiary.

However, above are the responses from the respondents across the three tertiary health facilities covered by the study. Some
responses can be seen below for clarification:

“It can be improved through continuous health education. At every step of the contact out- patients (both attending ante-
natal and other clinics) should be enlighten more on the benefits of the screening”. KT Medical doctor 45 years. The finding
of this study is contrast with finding of (5), continues health education help in improved participants acceptability of cervical
cancer screening.

“Creating awareness, meeting them at community level, do not wait for them to come to the tertiary institutions, they should
be met at the grass root level, creating awareness on the disease and where to get help”. KT Midwife 55 years” The finding
of this study is supported the study of which shows that health personnel need to improve through good communication
this can encourage the uptake of cervical cancer screening (5). The finding of this study is consisted with the finding of (11)
found out that, awareness on cervical cancer screening play vital role in acceptability of the procedure. The finding of this
study is supported the finding of (1), the study identify a major strategic to improved cervical cancer screening are:
sensitization of the target population, employment of more skilful health personal, improved of screening services, facilities
should be near to people in the community, make available of screening equipment. Health care personnel should
reinforcement of awareness regarding the cervical cancer screening (11). This study is aligned

with (2) reported that, there is a need to improve in positive attitude change among the target population to prevent cervical
cancer. (3) found out that, respondents belief reducing the cost of the screening on cervical cancer and make it free help
improved acceptability of screening procedure.
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CONCLUSION AND RECOMMENDATION

Most respondents reported that they did not allow clients to self-collect samples and did not consider self-sampling an
appropriate strategy for overcoming barriers to cervical cancer screening. In contrast, previous studies have reported greater
acceptance of self-sampling, suggesting that it may reduce discomfort and improve screening uptake. Effective
communication and empathy towards clients may also facilitate acceptance of cervical cancer screening. The study
recommends additional training for healthcare personnel and increased community sensitisation and awareness regarding
cervical cancer screening.

Ethical Considerations: Introductory letter was obtained from Maryam Sani Abacha American University Niger, and
Ethical approval was obtained from the Ethics Committee for Research Involving Human Subjects of the three health
facilities, prior to data collection. An informed and written consent was obtained from all participants. However, references
and date of approval from each facility of study are as follows:

1. Rasheed Rshekoni federal University Teaching Hospital Duste, RST.UTH/GEN/226/V.11 date, 17th November,2025
Ahamdu Bello University Teaching Hospital Shika Zaria, Nigeria, NNHREC/ABUTH-HREC/29/08/23, 16th
September,2025

3. Federal Teaching Hospital Katsinna Umaru Musa Yar,adua, FTHKTNNHREC.REG.24/06/22c/267, date 03rd
September 2025.
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ABSTRACT

Background: Rebound pain is an underestimated postoperative
complication, characterized by severe pain after the resolution of the block.
Although PNBs are increasingly utilized in orthopedic surgery, data
regarding rebound pain incidence and predictors is scarce, especially in low-
resource settings.

Aim: The study aimed to assess the incidence and predictors of rebound pain
among adults who underwent orthopedic surgeries of the upper extremities
under peripheral nerve block in Ethiopia, 2025/2026.

Methods: A prospective cohort study was conducted among 200 adult
patients who underwent orthopedic surgery with peripheral nerve block.
Patients were monitored for 48 hours after surgery, and data collection was
done through structured questionnaires and chart reviews. Pain intensity
was measured using the Numeric Rating Scale after the sensory block
resolution. Rebound pain assessed at 1224 hours post-block resolution.
Multivariable logistic regression was performed to identify independent
predictors, with statistical significance at p < 0.05.

Results: The incidence of rebound pain was found to be 88/200(44.5%).
Dexamethasone pre-medication and Intraoperative analgesia were
independently associated with lower odds of rebound pain (AOR =0.18; 95%
CI: 0.04-0.92) and (AOR = 0.39; 95% CI: 0.16-0.96), respectively, while NLR
>3 was independently associated with higher odds of rebound pain (AOR =
8.20; 95% CI: 3.71-18.31).

Conclusion: Rebound pain was prevalent following PNB after orthopedic
surgeries of the upper extremities. Intraoperative analgesia and
dexamethasone premedication have a protective effect against rebound pain
while higher NLR levels are risk factors for the development of rebound
pain. These results advocate for further investigation into multimodal
analgesic approaches and inflammatory risk indicators in perioperative pain
management.

Keywords: Analgesia, Dexamethasone, incidence, Nerve block, Pain, Risk factors.

INTRODUCTION

Pain is a major global health problem involving disability, decreased quality of life, and significant socio-economic costs to
society, making it a public health priority (1, 2). WHO considers proper pain management to be an essential part of healthcare
and one of the basic rights of humans (3). Post-surgical pain management is challenging and, even when adequately treated,
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can be a risk factor for morbidity (1-4). 41% of people suffer from post-surgical pain, among orthopedic surgeries, the
incidence is highest (5,6,7). Post-surgical pain that is improperly treated can lead to delayed healing, increased length of
hospitalization, morbidity, and the development of chronic post-surgical pain (8,9,10).Peripheral nerve blocks (PNBs) are
effective procedures for post-operative analgesia, which are frequently applied as part of multimodal analgesia and play an
integral role in procedures such as arthroscopic rotator cuff repair (11). PNBs can assist with reducing opioid use and
accelerating post-operative recovery and patient satisfaction (12-15).

However, despite the analgesia that PNBs provide, pain can increase substantially following the resolution of the block (11).
Specifically, single-shot PNBs can be followed by rebound pain, which is a severe pain occurring after the resolution of
anesthesia which may be greater than the initial post-operative pain (15,16). Rebound pain occurs in about half the people
on whom PNB is given and is especially prevalent in ambulatory orthopedic surgery (18,19). The mechanism by which it
occurs is not entirely understood, although several theories have been postulated, including abrupt restoration of
nociceptive inputs, peripheral and central sensitization, and inflammatory hyperalgesia (20,21). The severity of rebound
pain may be influenced by a range of patient- and surgery-related factors (17,20,21). Moreover, lack of transitional analgesia
and systemic inflammatory response can also worsen the severity of rebound pain (20,22). Therefore, the phenomenon of
rebound pain can be seen as an important limitation of single-shot peripheral nerve blocks despite their effective analgesic
properties (16,23,24).

Clinically, rebound pain can have a negative impact on post-operative outcomes by adversely affecting recovery and
increasing the requirement for rescue opioids (17,18). As such, there has been a growing interest for strategies to counter
rebound pain. Preventive strategies include multimodal analgesia, adjuvants, early oral analgesia before the resolution of
the block, and continuous peripheral nerve block catheters (20,21,25). The Gate Control Theory of Pain provides an
informative conceptual basis for understanding rebound pain after resolution of a nerve block, postulating that the
transmission of nociceptive signals is modulated in the spinal cord, and alterations of this modulation can underlie enhanced
pain after the resolution of a block (17,20,26). Despite the increasing appreciation of the phenomenon of rebound pain, the
evidence for its incidence and predictors is limited. This is especially true for low-income settings such as Ethiopia, where
data on rebound pain are scarce. Moreover, the role of the systemic inflammatory response in rebound pain is poorly
characterized. Inflammatory biomarkers, specifically the neutrophil-to-lymphocyte ratio (NLR), may have promising
prognostic implications in rebound pain (27,28).

Therefore, this study examines the incidence and predictors of rebound pain in Ethiopian tertiary hospitals. By providing
the much-needed evidence on the incidence and outcomes of rebound pain in this low-income setting and evaluating
potential predictors, including the inflammatory biomarker NLR, the study contributes to the generation of context-specific
and optimal strategies for the prevention and management of rebound pain.

Aim
The study aims to assess the incidence and predictors of rebound pain following peripheral nerve block in adult patients
undergoing upper extremity orthopedic surgery at Tibebe Ghion Specialized Hospital in Ethiopia during 2025/2026.

Objectives

To assess the incidence of rebound pain following peripheral nerve block among adult upper extremity orthopedic surgical
patients at Tibebe Ghion Specialized Hospital, Ethiopia, 2025/2026

To identify patient-related, surgical, and anesthesia-related factors associated with rebound pain among adult upper
extremity orthopedic surgical patients at Tibebe Ghion Specialized Hospital, Ethiopia, 2025/2026

METHODS

Study Design and Period
A prospective cohort study involving two hundred orthopedic patients was conducted from December 2025 to July 2026 to
determine factors related to rebound pain following peripheral nerve block anesthesia (PNB).

Study Setting

The study was conducted at Tibebe Ghion Specialized Hospital, a tertiary teaching and referral hospital, associated with
Bahir Dar University found in Bahir Dar, northwest Ethiopia. The hospital has a wide range of orthopedic surgical
procedures and utilizes peripheral nerve block as one of its anesthetic procedures.
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Study Population
Adult patients underwent orthopedic surgical procedures under the peripheral nerve block at Tibebe Ghion Specialized
Hospital during data collection period.

Eligibility Criteria

Adult patients aged 18 years and older who underwent orthopedic surgery with PNB and provided informed consent to
participate were included in the study. Patients who could not communicate or express their level of pain, those converted
to general anesthesia during the procedure, and those with neurological conditions that might interfere with pain sensation
were excluded from the study.

Sample Size Determination and sampling technique

The sample size for the study was calculated, using a single-population proportion formula with an expected proportion of
70.9% (28). Using a 95% confidence level and a 5% margin of error, the initial sample size was determined to be 316.
Considering the accessible population of approximately 200 patients undergoing orthopedic surgery, a finite population
correction (FPC) was applied, resulting in a final sample size of 123. To optimize precision, all 200 eligible patients were
consecutively recruited, and included in the final analysis.

Operational Definitions

Rebound pain is severe post-operative pain (measured by NRS 7/10) that occurs peripherally in the 12-24 hours after
resolution of the sensory block, revealed by the return of sensation to the patient’s skin following peripheral nerve block
(18).

The rebound pain score was calculated as the difference between the maximum pain score on the first 12 hours since
resolution of the peripheral nerve block and the minimum pain score measured during the 12 hours preceding block
resolution (23).

Data Collection Tools

A standardized questionnaire and clinical checklist were used to collect data on clinical and sociodemographic factors,
intraoperative information, anaesthetic methods, analgesic use, and laboratory markers such the neutrophil-to-lymphocyte
ratio. A standardized numerical rating scale (NRS) was used to assess pain severity.

Validity and Reliability Assurance

To guarantee clarity and consistency, the data collecting questionnaire which was modified from previous studies and
validated by an expert in the anesthesia department through a four-day descriptive pilot trial with three patients. A four-
day pilot study was conducted to assess the clarity, applicability, and consistency of the questionnaire. Prior to the primary
data collection, adjustments were made.

Data Collection Procedure

Data were collected during the perioperative period, including preoperative data, intraoperative variables, and
postoperative pain assessments at set intervals after nerve block resolution, with trained data collectors ensuring accuracy
and consistency

Data Processing and Statistical Analysis

Data were analyzed using SPSS version 20 with both descriptive and inferential statistics. Continuous variable distributions
were assessed through skewness and kurtosis, while categorical variables were summarized via frequencies and
percentages. Means and standard deviations described continuous variables that were normally distributed. Categorical
bivariable comparisons utilized Pearson’s chi-square test. Binary logistic regression identified factors related to rebound
pain, considering variables with p < 0.25 from bivariable analysis and clinically relevant factors for multivariable logistic
regression. Crude and adjusted odds ratios (CORs and AORs) with 95% confidence intervals were presented, with statistical
significance at p < 0.05. An available-case analysis was performed for missing data, and model fit was evaluated using the
Hosmer-Lemeshow test (x? = 6.91, p = 0.54). Multicollinearity analysis included VIF and tolerance statistics, revealing a
maximum VIF of 4.69 and a minimum tolerance of 0.21.
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Ethics approval and consent to participate

Ethical approval was obtained from TORG-IRB (reference number TORG-IRB-20260227-02). Written informed consent was
obtained from each participant. The confidentiality of the information provided was ensured, as all details were kept strictly
confidential and were used only by the researchers. In addition, each participant could withdraw from the study without
suffering any negative consequences. There were no financial temptations for those participating in the research. Finally, the
study did not involve any significant risks to the participants’ health, as it only included routine treatment observation and
regular pain assessments. All data collected were secured and available only to the researchers.

RESULTS

Socio-Demographic and Preoperative Clinical Characteristics

Among 200 study patients, 71.5% were male, and 54.0% had a BMI of 18.5-24.9 kg/m?2. Most patients classified as ASA I-1I,
with 29.0% having at least one coexisting medical condition. Preoperative complete blood count testing was performed on
91.5% of participants. Detailed characteristics are shown in Table 1.

Table 1. Socio-Demographic and Preoperative Clinical Characteristics of Participants (N = 200)

Sex Male 143 715
Female 57 28.5
Body mass index (kg/m?) 18.5-24.9 108 54.0
>24.9 92 46.0
ASA physical status ASA1 26 13.0
ASATI 105 52.5
ASA 2111 69 34.5
Coexisting disease Yes 58 29.0
No 142 71.0
Diabetes mellitus 11 18.9
Type of coexisting disease(n=58) = Hypertension 19 32.8
Asthma 6 10.3
Epilepsy 6 10.3
Heart disease 5 8.6
Anemia 11 18.9
Complete blood count performed Yes 183 91.5
No 17 8.5
Neutrophil-to-lymphocyte ratio <3 113 56.5
>3 87 43.5
Preoperative pain Yes 92 46.0
No 108 54.0
Preoperative analgesia received Yes 79 39.5
No 121 60.5
Type of preoperative analgesia Opioids 43 54.4
NSAIDs 34 43.0
Paracetamol 39 49.4

Footnote: PCM; paracetamol, NSAIDs; non-steroidal anti-inflammatory drugs, HD; Heart Disease, DM ;Diabetes mellitus, HTN;
Hypertension, percentages for specific comorbidities were calculated among patients with coexisting disease(n=58), BMI; Body mass
index, ASA; American Society of Anesthesiologists, in analgesic categories multiple responses were permitted and percentage calculated
among the 79 patients who received preoperative analgesia.

Operative Characteristics

Bone surgery comprised 54.5% of the procedures. Tourniquet duration data was available for 76 out of 119 patients who
underwent a tourniquet. Analyses that required tourniquet duration considered only cases with available data as shown in
Table 2.
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Table 2. Operative Characteristics (N = 200)

Urgency of the procedure Elective 106 53.0
Emergency 94 47.0
Type of Surgery Bone 109 54.5
Soft Tissue 91 45.5
Tourniquet Use Yes 119 59.5
No 81 40.5
Duration of Tourniquet (n=76) Below Mean(67.48min) 39 19.5
Above Mean(67.48min) 37 18.5
Surgical Procedure Fixation 47 23.5
Plating 13 6.5
D&l 58 29.0
Removal 28 14.0
Amputation 4 2.0
Skin graft 13 6.5
Pinning 16 8.0

Footnote: D&I; Irrigation and Debridement, tourniquet duration available, n=76/119

Peripheral Nerve Block and Anesthetic Characteristics

Supraclavicular block was the most frequently utilized peripheral nerve block, accounting for 46.5% of cases. Bupivacaine
was administered to 165 patients (82.5%). Out of 111 patients receiving an adjuvant, the type was recorded for 85, with 26
lacking this information. Analyses involving adjuvant types were based on available cases, with detailed characteristics
provided in Table 3.

Table 3. Peripheral Nerve Block and Anesthetic Characteristics (N = 200)

Type of Peripheral Nerve Block Interscalene 3 15
Supraclavicular 93 46.5
Axillary 92 46.0
Wrist 12 6.0
Local Anesthetic Type Bupivacaine 165 82.5
Lidocaine 35 17.5
Adjuvant Used Yes 111 55.5
No 89 44.5
Type of Adjuvant(n=85) Dexamethasone 64 32.0
Opioid 21 10.5
Dexamethasone Premedication Yes 109 54.5
No 91 45.5
Intraoperative Analgesia Received Yes 108 54.0
No 92 46.0

Footnote: although 111 patients received adjutants, 26 data’s missed adjuvant type records

Postoperative Outcomes and Block Characteristics

Postoperative opioid analgesics were given to 50% of patients. After the sensory block resolved, 70.5% reported moderate-
to-severe pain. The mean duration of sensory block was 10.05 hours, with a mean time to block resolution of 15.44 hours
(Table 4).

Table 4. Postoperative Outcomes and Block-Related Characteristics (N = 200)

Variable Category Frequency Percentage
(n) (%)
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Postoperative Opioid Use Yes 100 50.0
No 100 50.0
Postoperative NSAID Use Yes 108 54.0
No 92 46.0
Postoperative Paracetamol Use Yes 106 53.0
No 94 47.0
Severity of Pain After Block No pain 3 1.5
Resolution Mild Pain 56 28.0
Moderate pain 52 26.0
Severe Pain 89 44.5
Rebound Pain Yes 89 445
No 111 55.5
PNB Type (Dichotomized) Distal Brachial Plexus Block 104 52.0
Proximal Brachial Plexus 96 48.0
Block
Duration of Motor Block <8.84hr 126 63.0
>8.84 hr 74 37.0
Duration of Sensory Block <10.05 hr 100 50.0
>10.05 hr 100 50.0
Time to Block Resolution <15.44 hr 109 54.5
>15.44 hr 91 45.5

Footnote: NSAIDs; non-steroidal anti-inflammatory drugs, PNB; Peripheral nerve block, Proximal brachial plexus block (Interscalene
and supraclavicular), Distal brachial plexus block(axillaries and wrist)

Descriptive Statistics of Continuous Variables

Normality assessment through skewness and kurtosis values indicated that all variables were approximately normally
distributed, with skewness values between -0.304 and 0.709, reflecting a balanced and near-symmetrical distribution of the
data (Table 5).

Table 5. Descriptive statistics for continuous variables

Variables N Min Max Mean+SD fkewnes Kurtosis
Duration of tourniquet(min) 76 31 96 67.48+18.46 -.288 -.864
Volume of LA(mL) 200 14 40 30.04+6.77 -.304 -.627
Time to Block resolution(h) 200 8 23 15.44+4.62 .079 -1.218
Duration of surgery(h) 200 1 3 1.50+.63 -.018 -1.050
Duration of Motor Block(h) 200 5 16 8.84+2.81 .615 -.494
Duration of Sensory Block(h) 200 6 18 10.05+2.65 .709 -.047

Footnote: LA; Local anesthetic, SD; standard deviation, Max; Maximum, Min; Minimum

Incidence of Rebound Pain Following Peripheral Nerve Block
Among 200 patients 89 developed rebound pain, giving incidence of rebound pain (RP) following peripheral nerve block of
44.5% (95% CI: 38.0-51.5) (Figure 1).
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Incidence of Rebound Pain Following PNB
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Figure 1. Incidence of rebound pain following peripheral nerve block

Chi-square Analysis of Factors Associated with Rebound Pain Following Peripheral Nerve Block

Pearson’s chi-square analysis revealed an association between RP, preoperative pain preoperative pain (x?>=16.10, p <0.001),
neutrophil-to-lymphocyte ratio (NLR) (x? = 37.30, p < 0.001), dexamethasone premedication (x> = 24.90, p < 0.001),
intraoperative analgesia (x? = 54.80, p < 0.001), and adjuvant use (x? = 25.40, p < 0.001). Additionally, perioperative factors
such as tourniquet use (x? = 6.87, p = 0.009), postoperative opioid use (x? = 27.70, p < 0.001), and time to block resolution (x?
=19.60, p <0.001) were also significantly associated with RP. However, no significant associations were found for gender,
age, coexisting disease, ASA physical status, preoperative analgesia, urgency of surgery, type of surgery, and various other
factors (all p > 0.05). Detailed results are provided in Table 6.

Table 6. Chi-square analysis of factors associated with rebound pain following peripheral nerve block

Gender Male 65 (63.6) 78 (79.4) 0.18  0.660
Female 24 (25.4) 33 (31.6)

Age (years) >60 67 (65.4) 80 (81.6) 0.26  0.600
<60 22 (23.6) 31(29.4)

Coexisting disease Yes 26 (25.8) 32 (32.2) 0.81  0.660
No 63 (62.7) 78 (78.3)

ASA status ASA 1 14 (11.6) 12 (14.4) 1.06  0.588
ASATI 45 (46.7) 60 (58.3)
ASA 2111 30 (30.7) 39 (38.3)

Dexamethasone Yes 66 (48.5) 43 (60.5) 2490 <0.001

premedication No 23 (40.5) 68 (50.5)

Preoperative pain Yes 55 (40.9) 37 (51.1) 16.10 <0.001
No 34 (48.1) 74 (59.9)

Preoperative analgesia Yes 41 (35.2) 38 (43.8) 2.80 0.089
No 48 (53.8) 73 (67.2)

Tourniquet use Yes 62 (53.0) 57 (66.0) 6.87  0.009
No 27 (36.0) 54 (45.0)

Adjuvant used Yes 67 (49.4) 44 (61.6) 2540 <0.001
No 22 (39.6) 67 (49.4)

Intraoperative analgesia  No 74 (48.1) 34 (59.9) 54.80 <0.001
Yes 15 (40.9) 77 (51.1)

Postoperative opioid Yes 63 (44.5) 33 (55.5) 27.70 <0.001
No 26 (44.5) 74 (55.5)

Time of block resolution < Mean 64 (48.5) 45 (60.5) 19.60 <0.001
> Mean 25 (40.5) 66 (50.5)
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Tourniquet duration <67.48 min 16(17.4) 23 (21.6) 1.7 0.42
>67.48min 20 (16.5) 17 (20.5)

Neutrophil-to- <3 29 (50.3) 84 (62.7) 37.30 <0.001

lymphocyte ratio >3 60 (38.7) 27 (48.3)

ASA:American Society of Anesthesiologists

Bivariable and Multivariable Logistic Regression Analysis

In a bivariable logistic regression analysis, factors associated with rebound pain (RP) included intraoperative analgesia,
postoperative opioid use, tourniquet use, dexamethasone premedication, preoperative pain, preoperative analgesia,
adjuvant use, time to block resolution and neutrophil-to-lymphocyte ratio (NLR). Variables with a p-value <0.25 and
clinically relevant factors were analyzed in a multivariable model. After adjustment for potential confounder's, NLR> 3(AOR
= 8.2; p<0.001) was associated with higher odds of rebound pain, while intraoperative analgesia (AOR = 0.18; p=0.039) and
dexamethasone premedication (AOR = 0.39; p=0.04) were associated with lower odds of rebound pain (Table 7).

Table 7. Bivariable and multivariable logistic regression analysis

Dexamethasone Yes vs No 0.22 (0.12-0.41) <0.001 0.39 (0.16-0.96) 0.041
premedication

Preoperative pain Yes vs No 0.31 (0.17-0.55) <0.001 0.54 (0.22-1.33) 0.180
Preoperative analgesia ~ Yes vs No 0.61 (0.34-1.08) 0.090 0.65 (0.31-1.40) 0.271
Tourniquet use Yes vs No 0.46(0.25-0.82) 0.009 0.81 (0.36-1.79) 0.61
Adjuvant use Yes vs No 0.22 (0.12-0.39) <0.001 0.87 (0.35-2.20) 0.77
Intraoperative Yes vs No 0.09 (0.05-0.18) <0.001 0.18 (0.04-0.92) 0.039
analgesia

Postoperative opioid Yes vs No 0.21 (0.11-0.38) <0.001 1.4 (0.34-5.90) 0.638
use

Neutrophil-to- >3 vs <3 6.40 (2.46-11.96)  <0.001 8.2(3.71-18.31) <0.001
lymphocyte ratio

Time to block Above vs Below  0.26 (0.15-0.48) <0.001 1.29 (0.38—4.41) 0.684
resolution mean

Footnote: CI; Confidence interval, COR; crude odds ratio, AOR; Adjusted Odds ratio, variables with p<0.25 in bivariable analysis and
clinically relevant variables were entered into the multivariable model and p<0.05 in multivariable model considered as statically
significant.

DISCUSSION

This prospective cohort study examined the incidence and predictors of rebound pain after peripheral nerve block in adult
patients undergoing upper extremity orthopedic surgery. It revealed a 44.5% incidence of rebound pain, indicating that
nearly half of the patients experienced a significant increase in pain after resolution of the block. This result verifies that
rebound pain is a frequent occurrence after surgery in orthopedics, especially within Ethiopian practice(25). The similar
incidences have also been reported approximately 40-60% of patients have experienced rebound pain after ambulatory
orthopedic and ankle fracture surgeries, as previously reported(21,11). Narrative reviews also show that rebound pain is a
major problem for many people who receive single-shot peripheral nerve blocks (19, 30). The results confirm that rebound
pain is a frequent phenomenon following surgery, not an isolated event. Variations in reported incidence arise from
differences in patient characteristics, surgical techniques, nerve block methods, anesthetic agents, analgesic protocols, and
definitions of rebound pain. In addition, differences in healthcare systems, access to acute pain services, and patient
education can affect how often rebound pain is reported.

One of the notable findings of this study is that receipt of intraoperative analgesia was associated with lower odds of
rebound pain. This observation is consistent with interventional evidence that timely intraoperative analgesia can mitigate
severe rebound pain by enhancing transitional analgesia during the resolution of the block (28). Previous reviews also
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emphasized the importance of administering systemic analgesics before resolution of the block for preventing rebound pain
(13, 30). Analgesia administered during surgery may have a biological link to reduced nociceptive transmission as the patient
moves from sensory blockade to the return of nerve function. Although the observational nature of the study cannot establish
causality, this short-lived analgesia might lessen the abrupt exposure to unrelieved surgical nociception.

The other finding of this study dexamethasone premedication was associated with lower odds of rebound pain.
Dexamethasone can prolong the duration of peripheral nerve blocks and reduce postoperative inflammation, contributing
to a smoother recovery, even though the observational design of the study limits any causal conclusions (13,30). The strong
association observed between NLR > and Rebound pain suggests that preoperative inflammatory status may have potential
value in identifying patients an increased risk However, this finding should be interpreted cautiously and requires external
validation before NLR can be recommended as clinical predictive marker. Higher NLR levels, which serve as a biomarker
of systemic inflammation, can amplify inflammatory responses and make postoperative pain more severe (13). Since NLR
is a widely recognized biomarker of systemic inflammation, patients with elevated NLR may have greater inflammatory
responses after tissue injury, predisposing them to more severe postoperative pain. Furthermore, prior prediction models
and a retrospective cohort study identified inflammatory and patient-related characteristics as significant contributors to
severe rebound pain. (26,27).

Even though NLR was not directly assessed, these studies suggest that inflammatory status influences the intensity of
rebound pain. Thus, with these findings, the current study suggests that NLR could serve as a simple and cost-effective
biomarker to identify patients at higher risk of rebound pain prior to surgery. The present study did not demonstrate
statistically significant independent associations between rebound pain and tourniquet use, postoperative opioid use,
adjuvant use, or preoperative pain after multivariable adjustment. Although prolonged tourniquet inflation has previously
been associated with ischemia-reperfusion injury and increased postoperative pain, the absence of an independent
association in the current study agrees with previous study, who found that procedural characteristics frequently lose
significance after adjustment for analgesic and patient-related factors (21). Similarly, perioperative analgesic management
has a greater influence on rebound pain than most surgical variables (27).

Likewise, preoperative pain and postoperative opioid administration were not independently associated with rebound pain.
Comparable observations were reported by previous where baseline pain characteristics lost statistical significance after
adjustment for multiple clinical variables (26). These results suggest that rebound pain is shaped considerably by
postoperative inflammatory responses and analgesic approaches, to a greater degree than by baseline pain intensity or the
use of opioids on its own. Overall, the findings support that rebound pain is multifactorial and associated with inflammatory
status, perioperative analgesic management, and individual patient characteristics. The observed associations of
intraoperative analgesia and dexamethasone premedication with lower odds of rebound pain along with the association of
elevated NLR with higher odds, identify clinically relevant areas for further investigation and risk-informed perioperative
care.

IMPLICATIONS

The results indicate better perioperative pain management for orthopedic surgery, with an emphasis on rebound pain after
single-shot peripheral nerve blocks. Before the block wears off, clinicians ought to use evidence-based multimodal analgesia.
Moreover, the link between a higher neutrophil-to-lymphocyte ratio and rebound pain suggests that low-cost laboratory
markers could be used for risk assessment, provided they are validated in larger studies. Institutions should establish
standardized protocols for rebound pain management within enhanced recovery frameworks and provide educational
initiatives to anesthesia professionals to recognize and prevent rebound pain, thus supporting personalized pain
management in low-resource environments.

LIMITATIONS

Some limitations of the study include its single center design; observational design and therefore inability to establish
causality; possibility residual/ unmeasured cofounding; heterogeneity in surgical procedure and analgesic regimens;
missing data for some variables; reliance on patient-reported pain scores; and the absence of some potentially relevant
psychological variables.
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CONCLUSION

Rebound pain was common among adult patients undergoing upper extremity orthopedics' surgery following peripheral
nerve block. Neutrophil-to-lymphocyte ratio (NLR) >3 was independently associated with higher odds of rebound pain,
whereas dexamethasone premedication and intraoperative analgesia were associated with lower odds. These results assist
in identifying potentially higher- risk patients and informing future research and perioperative pain management strategies.
Further multicenter studies and external validation are required before these findings can be incorporated into predictive
clinical practice

RECOMMENDATIONS

Based on the study's findings, the following recommendations are made: For clinical practice, hospitals should enhance
multimodal transitional analgesia protocols and evaluate the role of dexamethasone in relevant studies. The preoperative
neutrophil-to-lymphocyte ratio should be further assessed as a risk marker. For hospitals and policymakers, there is a need
to create guidelines for preventing and managing rebound pain after peripheral nerve blocks and to incorporate
standardized patient education into perioperative care. In education, training for anesthesia providers should focus on
identifying and managing rebound pain with evidence-based analgesic strategies. Subsequent investigations ought to center
on multicenter trials involving bigger sample sizes to confirm the results, investigate ideal analgesic regimens, evaluate how
well inflammatory biomarkers predict outcomes, and contrast continuous peripheral nerve blocks with single-shot
approaches for handling rebound pain.
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