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Referral Patterns, Co-occurring Conditions and
Survival Outcomes of Biliary Atresia in Thailand:
A Data Mining Study from the National Health
Security Office Registry
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Survival Outcomes Biliary Atresia (BA) in Thailand
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ABSTRACT

Objective: This study aimed to identify comorbidities and referral patterns in biliary atresia (BA) patients and
analyze their influence on survival outcomes using a large national reimbursement cohort.

Materials and Methods: Data were extracted from the National Health Security Office (NHSO) registry via the Thai
Health Information Portal (THIP). Patients under six years with a diagnosis of BA between 2017 and 2022 were
included. Comorbidities, referral patterns, and survival were analyzed; association rule analysis was performed using
the mlxtend package in Python 3.9, whereas survival analysis was conducted using the Kaplan-Meier survival curve.
Results: In total, 957 BA cases among 4,168 admissions were included. The estimated annual incidence was 108.7
cases (1.8 per 10,000 live births). The 2- and 5-year survival rates were 75.1% and 72.5%, respectively. Association
rules analysis revealed that metabolic disorders, liver cirrhosis, and portal hypertension had a high confidence of
co-occurrence with BA. Anemia, coagulation disorders, malnutrition, liver cirrhosis, hepatic failure, ascites, and
hypoalbuminemia were significantly associated with poorer survival outcomes. Cases with more than one referral
before a definitive surgery significantly had poorer survival outcomes.

Conclusion: Overall, BA patients in Thailand had fair survival rates. Co-occurring progressive liver diseases, anemia,
coagulation disorders, malnutrition, and prolonged referrals significantly contribute to poorer survival. Managing

these peri-operative factors might improve the outcome of this devastating disease.

Keywords: Biliary atresia; children; infants; survival; Thailand (Siriraj Med J 2025; 77: 610-619)

INTRODUCTION

Biliary atresia (BA) is a rare yet significant condition
that may lead to liver failure and mortality in infants." Its
incidence varies across the globe, affecting 1 in 14,000
20,000 live births in Europe and 1 in 16,000-20,000 live
births in Canada and the USA.” In East Asian countries,
BA is more prevalent, affecting around 1 in 5,000-9,600
live births.” The etiology of BA remains unclear. However,
its mainstay pathology is progressive severe sclerosing
inflammation of the bile ducts at the porta hepatis, leading
to periportal fibrosis, complete biliary obstruction at the
hepatic outflow, and biliary cirrhosis. Surgical restoration
of bile flow by a Kasai hepatoportoenterostomy (KPE) is the
current standard intervention, with liver transplantation
(OLT) considered in cases of late presentation or severe
decompensation of liver functions."”

Approximately half of BA patients survive ten
years post-KPE with their native liver.” Immediate bile
flow restoration following KPE is the most influencing
determinant of survival in BA patients. Reported biliary
drainage after KPE was around 50-60% of cases.”* However,
even in the cases that achieved good biliary drainage,
inflammation, and cirrhosis might slowly progress with a
consequence such as portal hypertension, malnutrition,
failure to thrive, and death.” Surveillance and proper
management of comorbidities are of primarily important
in the postoperative period. Considering surgical quality
improvement purposes, a multi-institutional registry
should be conducted for a rare disease like BA and other
rare congenital anomalies. In Thailand, almost all cases

suspected of BA were referred for definitive treatment
at a tertiary-level public hospital. There is currently no
successful registry at the national level for BA in the
country, and the dataset that might be the nearest to
the population level is the reimbursement registry of
the National Health Security Office Registry (NHSO)
data. The dataset includes all admissions in the country,
spanning the 6-year period from 2017-2022, with accurate
survival status. This analysis used data mining tools to
analyze the incidence, co-occurring diagnosis, referral
patterns, and survival outcomes of BA cases in Thailand.
In addition, associations between co-morbidities and
survival were analyzed.

MATERIALS AND METHODS

This retrospective cohort study utilized data mining
techniques on data extracted from the reimbursement
data repository of the NHSO through the Thai Health
Information Platform (THIP), with permission from
the local ethics committee (Human Research Ethics
Committee of the Faculty of Medicine, Prince of Songkla
University, REC.66-529-10-1).

Data source

A total of 6,192 records with a diagnostic code
of Q42.2 (‘atresia of the bile duct’) admitted to public
hospitals under the Thailand Universal Health Coverage
(UHC) scheme were retrieved from the database. THIP
was a joint project between the Institute of Research
and Development for Health of Southern Thailand and

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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the National Science and Technology Development
Agency (NSTDA) that archived reimbursement data
from the NHSO."” When filtering with the patients’ age
equal to or less than six years, 957 unique cases (4,168
admissions) were included for analysis. The dataset
provided anonymized features on sex, age (years),
admission dates, main diagnoses, co-morbidities, and
complications (ICD-10), investigations and medical
procedures during admission (ICD-9), discharge status,
and death date (if any). To estimate a population-based
incidence rate, we obtained mid-year population data
on live births in each district from 2017 to 2022 from
the Bureau of Registration Administration, Department
of Provincial Administration, Thailand.

Geographical distribution analysis

Geographical distribution was assessed by calculating
the average incidence per thousand live births in each
district based on each year’s average observed incidence
and live birth population. Thailand is divided into 76
provinces and 878 administrative districts, with the
population of the districts varying from 1,991 to 260,565
and an average population of 50,000. To address the
standardized incidence rate, smaller districts were combined
with larger ones to form a standardized district (SD),
averaging 150,000 people, following Babcock’s approach.
The baseline district population of the year 2017 was
used to account for changes over the study period.

Association rule analysis

To discover the co-occurrence conditions in BA, the
Apriori model was used as a data mining algorithm.'
The algorithm uncovers co-occurring diagnoses or
complications with the defined diagnosis in terms of
the association rule and calculates the likelihood that a

1,12

condition will be diagnosed given that another item has
already been diagnosed and reports as ‘confidence’. The
analysis used BA (ICD-10 ‘Q42.2’) as the preceding and
calculated the ‘confidence’, ‘support’, and ‘lift’ of the co-
occurrent conditions. Analysis used the ‘association_rules’
and the ‘apriori’ modules of the mlxtend package on
Python version 3.9. The threshold used for filtering was
a minimum support of 0.05, confidence of at least 0.6,
leverage of at least 0, and a lift of at least 1.0.

All co-occurrences were analyzed with survival
data using the lifelines package. The p-value threshold
for survival analysis was adjusted by the number of all
occurrences tested (1,057) by Bonferroni’s correction
method to be 0.00005 (5x107). The Manhattan plot
was performed with the altair package on Python. The
Kaplan-Meier survival curve was constructed on Stata

version 14.0 (Stata, TX). All computational codes can
be provided on request.

Referral pattern analysis

Cases who did not undergo a KPE (ICD-9 ‘51.37°)
on their first admission were regarded as referred cases.
Referral duration was the time difference between the
first admission when BA was diagnosed and/or the
admission when KPE was performed. Survival was
compared between cases that underwent an operation
on their first admission and those that were referred.

RESULTS

In total, 957 unique cases with the code of BA were
recorded among 4,168 admissions during the 6-year
period. When filtered by the age criteria, the number of
cases aged no more than six years was 750, with 3,349
admissions. The average number of unique cases per
year in patients aged < 2 years, likely new cases, was 652,
resulting in a crude incidence rate of 18 cases per 100,000
live births. The male-to-female sex ratio was 334:318
or 1.05. The estimated average age on the admission of
the patients was 0.17 years or 2 months and the average
weight was 3.34 kilograms (standard deviation 2.97).
There was recorded mortality in 194 cases in the study
period, giving a crude survival rate of 74.1%. When
analyzed with a Kaplan-Meier survival estimation, the
crude 2-year and 5-year survival rates were 75.1% and
72.5%, respectively.

Associated conditions in BA and their impact on survival

With the conditions described in the method section
(support > 0.05, confidence > 0.6, association rule analysis by
Apriori algorithm identified 38 significant co-occurrences.
After filtering the duplications and unspecific conditions
i.e. Fever (R50.9), 16 conditions remained, showing
high-confidence associations between BA and metabolic
disorders, esophageal varices, cholangitis, liver cirrhosis,
and portal hypertension (Table 1). Pre-Kasai cirrhosis
occurred in 15.6% of the patients, followed by portal
hypertension, coagulation defects, and anemia. At the
first admission, esophageal varices and cholangitis were
observed in 1.2% and 7.8% of the patients, respectively.
Malnutrition and vitamin and mineral deficiencies,
particularly vitamin D, hypokalemia, and hyponatremia,
were detected in approximately 4-9% of patients at the
first admission. Among those with cirrhosis, 236 (67.4%)
patients developed cirrhosis since their first admission
before the KPE, whereas 101 (29.0%) developed cirrhosis
after the KPE. Cholangitis, a major complication of
the KPE, occurred in 6.7% of patients with BA at the

612 Volume 77, No.9: 2025 Siriraj Medical Journal
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TABLE 1. Apriori association rules analysis; biliary atresia-associated conditions that have high support and

confidence levels.

ICD-10 Clinical definition Support Confidence Lift
K74.60 Cirrhosis 0.212 0.212 1
K83.0 Cholangitis 0.179 0.179 1
R18 Ascites 0.139 0.139 1
K76.6 Portal hypertension 0.122 0.122 1
E87.6 Hypokalemia 0.092 0.092 1
185.9 Esophageal varices without bleeding 0.091 0.091 1
E87.1 Hyponatremia 0.084 0.084 1
K74 .4 Secondary biliary cirrhosis 0.084 0.084 1
D64.9 Anemia 0.068 0.068 1
198.2 Esophageal varices in diseases classified elsewhere 0.064 0.064 1
E55.9 Vitamin D deficiency 0.059 0.059 1
294 .4 Liver transplantation status 0.056 0.056 1
D50.9 Iron deficiency anemia 0.055 0.055 1
D68.9 Coagulation defects 0.055 0.055 1
E44.0 Moderate protein calorie malnutrition 0.055 0.055 1
D62 Acute post-hemorrhagic anemia 0.054 0.054 1

admissions prior to KPE, and 7.1% of patients after the
operation. On average, the episode of cholangitis was
2.9 per patient. Cytomegalovirus (CMV) infection was
recorded in 8.7% of patients with BA.

On procedural analysis, intraoperative cholangiography
(IOC), wedge liver biopsy, and percutaneous liver biopsy
were performed primarily in 188 (19.6%), 166 (17.3%),
and 101 (10.6%) cases, respectively. During the study
period, 287 instances of KPE were recorded, accounting
for 44.0% of the estimated number of new cases. Liver
transplantation was performed in 109 patients (11.4%),
with 76.1% undergoing primary transplants and 23.9%
undergoing a transplant after KPE. Primary transplantation
was performed in 7.6% of patients with primary cirrhosis
of the native liver, which occurred in 24.7% of patients
with BA.

Survival analysis by log-rank test was performed

for all 1,057 co-occurring diagnoses in 750 cases. Two-
year survival was 72.5% (68.9%-75.5%). Using a p-value
cutoff at 5 x 10, 35 items were considered to have a
significant survival impact (Fig 1). Note that the E category
(Endocrine, nutritional, and metabolic diseases), K category
(Diseases of the digestive system), ] category (Diseases
of the respiratory system), and D category (anemia
and coagulopathy groups) had the highest frequency
among conditions with survival impact. Considering
together with Apriori co-occurrence analysis, cirrhosis,
coagulation defect, electrolyte imbalance (hyponatremia and
hypokalemia), ascites, and status post liver transplantation
had high support, which meant that they were found as
co-occurrences in high incidence and also had significant
survival impact (Table 2). Note that transplantation was
a protective factor on survival (Hazard ratio 0.11, 95%
Confidence interval 0.03-0.34).

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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Fig 1. Manhattan plot between the ICD-10 categories (Alphabet groups) and -log (p-value) of the log-rank test for significant survival

impact.

TABLE 2. Survival probability and Cox's proportional hazard ratio of frequent co-occurrence that significantly

had survival impact.

ICD-10 Clinical definition
K74.6 Cirrhosis

R18 Ascites

E87.1 Hyponatremia

E87.6 Hypokalemia

E88.0 Hypoalbuminemia
294.4 Transplantation status

95% CI: 95% confidence interval, NA: not calculated

Geographical disparities and referrals

At the standardized district (SD) level, Bangkok
(BKK), the capital city, had the highest proportion of
primary admissions for BA, accounting for 28.7% of
the cases, followed by Songkhla (11.3%) and Chiangmai
(8.6%) (Fig 2). Annual data revealed that the year 2017
had the highest admission number among the 6-year
study period (182, 27.9%), followed by 2018 and 2021
(118, 18.1% and 95, 14.6%, respectively), reflecting the
impact of coronavirus disease (COVID-19) pandemic.

2-year survival (95% ClI) Hazard ratio (95% ClI)

58.9% (52.9%-64.5%) 2.42 (1.82-3.21)

51.8% (41.6%-61.1%) 2.16 (1.57-2.98)

56.1% (48.5%-63.0%) 2.15 (1.62-2.85)

54.5% (47.4%-61.1%) 2.51 (1.91-3.32)

51.7% (42.6%-60.1%) 2.13 (1.57-2.88)

100% (NA) 0.11 (0.03-0.34)

When analyzed by health region (HR), the highest
number of admissions occurred in HR-13 (Bangkok,
28.7%), followed by HR-12 (Songkhla,11.3%) and HR-1
(Chiang Mai, 8.6%). Within specific SD, the most frequent
admissions were in SD-28 (Phaya Thai-Ratchathewi,
14.6%), SD-27 (Bangkok Noi, Bang Plad, 7.5%), and SD-
153 (Muang Khon Kaen, 6.1%). Overall, BKK remained
the most frequent place of hospitalization for BA, followed
by Khon Kaen, Songkhla, and Chiang Mai (Fig 2).

Ofthe 1,023 referred admissions, patients who were

614 Volume 77, No.9: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



20eM
180
167 - incidence
&l
1471 Al
ad
10
107 -
K
[

- R SV S | oy SR [V S [ B

Fig 2. Incidence of biliary atresia (per 100,000 live births) in Thailand,

categorized by province of first admission.

primarily admitted to BKK hospitals mostly remained
within the BKK referral network (SD-24, SD-27, and SD-
28), followed by referrals to SD-153 (Muang Khon Kaen)
and SD-242 (Phitsanulok). The average number of visits
in each individual patient was 4 (1-36); 5 patients had
more than 10 visits, and 3 had more than 30 visits. These
three patients with BA underwent KPE and subsequently
developed esophageal varices, necessitating multiple
visits for esophagogastroduodenoscopy. Additionally,
two of these patients experienced multiple episodes of
cholangitis requiring hospital admission and antibiotic
treatment. Three out of 5 patients still survived with their
native livers.
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KPE and pre-KPE referral pattern

Of287 records of KPE, 91 were performed in HR-13
(31.7%), followed by 31 in HR-0 (10.8%), 29 in HR-12
(10.1%), 29 in HR-7 (10.1%), and 20 in HR-2 (7.0%)
(Fig 3). Of 287 cases, the surgery was performed on their
first admission in 234 cases (81.5%) when 51 (17.7%)
had one admission before the definitive surgery and 2
(0.7%) had two prior admissions. In 53 referral cases, the
average duration from the first hospital to the hospital
where the patients underwent a definitive surgery was
9.2 days (range 1 day - 54 days). Most referrals occurred
within the same health region (38 in 53 cases). Among
53 cases, 15 were trans-region referrals, of which 3 were
referrals between non-adjacent regions. HR-13 (Bangkok)
was the majority of referral destinations (11 in 15 trans-
region referrals).

Referred cases had significantly poorer survival
outcomes than cases that were operated on in the first
hospital they were admitted to. When the two-year
overall survival of those who were operated on at the
first hospital was 78.26% (95% confidence interval (CI)
72.17% - 83.18%), the figure was 57.13% (95% CI 41.97%
- 69.69%) (Log-rank p-value 0.002) in referred cases.

(Fig 4)

DISCUSSION

As the first extensive national study to utilize data
from the NHSO repository, this study included nearly all
patients hospitalized with BA in Thailand, making it an
ideal resource for analyzing the spatiotemporal distribution
of diseases in the country. The crude incidence of BA in
Thailand over the 6-year period was 1 in 5,500 live births,
which is similar to that in other parts of Asia and aligns
with previously estimated incidences in Thailand that

HR-2 HR-3 HR4 HRS5 HR6 HRF7 HR8 HRE HR-10 HR11 HRIZ HR-13

m Same admission 1 prior admission 2 prior admission

Fig 3. (A) Distribution in the number of Kasai’s hepatoportoenterostomy (KPE) operations performed in each health region in Thailand

during the study period. (B) Comparing the number of admissions before KPE in each health region.
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Fig 4. Comparing overall survival between those who underwent a Kasai’s hepatoportoenterostomy (KPE) at the first admission and those

who were operated on after their first admission.

ranged from 1 in 5,000 to 1 in 15,000 live births", but
higher than those in Europe, Canada, and the USA.** The
mean age of the patients at presentation was two months,
and most of the first admissions occurred in 2017 and
2018, before the COVID-19 pandemic, followed by 2021
in the pandemic era. The COVID-19 pandemic seems
to affect BA incidence, possibly due to the decreased
accessibility to healthcare services during this period.

In general, diagnosis of BA is confirmed through
direct observation of the porta hepatis in cases where an
atretic gallbladder is present or via IOC when the findings
are not apparent.” In our data, IOC was performed in
only 19.6% of the cases, which is a notably low number
and may be explained by the missing of IOC coding
when it was performed as a part of the KPE operation.
However, other hospital-based studies in Thailand have
reported higher rates of IOC utilization; Chieochalakom
et al. observed that all 81% of cholestatic jaundice
patients in their study underwent IOC following hepatic
scintigraphy or ultrasonography (US) before KPE", and
Laohapensang et al. reported that 25 of 48 patients in their
series (51%) underwent diagnostic IOC. Most omitting
cases in their study included 11 patients presenting with
atretic gallbladder.”” Furthermore, Wirifai et al. found
that in a tertiary care setting in the North Eastern part
of the country, 25 of 26 patients underwent US, 17 of 26
underwent scintigraphy scans, and all patients eventually
underwent IOC."* Taken together, it seems that the
investigation might have been under-recorded rather
than under-performed. However, our study advocates
a guideline on the preoperative investigation to achieve
an accurate diagnosis before a definitive operation.

Our study estimated that KPE was performed in 44%
of BA patients in Thailand. The relatively low number
of KPE in our data mining could be due to miscoding
or overestimating the number of new cases. Another
possible explanation was a significant delay in patient
presentation, which can negatively affect survival outcomes
and increase postoperative morbidity and mortality rates.
Consequently, some surgeons discuss the prognosis of the
surgery with the parents and opt not to do the surgery.
Despite Thai pediatric cholestatic jaundice treatment
guidelines recommending KPE before 60 days of age, the
mean age at KPE in Thailand was relatively high (82-97
days), given the jaundice onset at around four weeks.
In contrast, studies from France, Japan, and Taiwan have
reported a median age of 55-59 days for KPE."'*"” We
also found that most KPEs were conducted in major
tertiary centers in Bangkok, Chiangmai, Khon Kaen, and
Songkhla. Additionally, 70.8% of KPEs were performed
on the first admission, and those who underwent KPE on
subsequent admissions had significantly lower survival
rates. This finding aligns with those of previous studies,
indicating that the timing of KPE influences survival
rates and jaundice clearance.””!

LT was performed in 11.4% of BA patients, which
is relatively low considering the success rate of KPE
at around 50-60%. Studies from large centers in BKK
have shown variable LT volumes, from 4-6 operations
per year in each institute.”*”>* From 2016 to 2018, 4
pediatric liver transplantation programs in Thailand
performed 97 LT operations, and 74% of the patients
were diagnosed with BA.” In comparison, a USA study
reported 441 LDLTs and 611 split deceased-donor LT's

7,14,15,17
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over 12 years”, and the Japan Liver Transplantation
Society (JLTS) reported 2,057 LT operations for BA
over 25 years.”
primary choice of hepatic transplantation in Thailand",
with 70% of LT performed in BKK and 76.1% of these
performed as primary transplants without prior KPE.
Considering the referral system, major hospitals in BKK,
along with four pediatric LT centers, play a major role
in both the KPE and the LT. Large tertiary care centers
in the northern, northeastern, and southern regions
also contributed substantially to KPE operations. As
our study found that referral might cause delays in the
treatment and poor operative outcomes, establishing a
service care plan for infants with cholestatic jaundice
in each HR to shorten the referral path to KPE might
improve the overall outcome.

On data mining by the Apriori algorithm, our study
identified frequent comorbidities and complications in
patients with BA, including anemia and liver-related
issues, such as cirrhosis, coagulation defects, and portal
hypertension, which affected 10-15% of patients. This
suggests late presentation and subsequent delay in the
definitive treatment of BA in Thailand. Cholangitis, a
major complication of BA, typically occurs within the first
year of KPE.”"”** In our study, 6.7% of the admissions
of BA in Thailand involved cholangitis, with an average
of three episodes per patient. Among these episodes,
nearly 10% occurred at the same admission with KPE
and 7% on the subsequent admission, with number
of episodes ranging from 1 to 9. The co-occurrence of
progressive liver diseases (cirrhosis, hepatic failure, or
portal hypertension), anemia, coagulation disorders, and
malnutrition and liver transplantation status significantly
affected survival outcomes. Cirrhosis occurred in 15.6%
of patients, with 25% developing cirrhosis at the same
admission of KPE and 92% before LT. Similar findings
have been reported previously, with portal hypertension
and cholangitis affecting a significant proportion of

29-31

Due to organ shortages, LDLT is the

patients during long-term follow-up.

The 2- and 5-year estimated survival rates in this
study were 75.1% and 72.5%, respectively, which were
consistent with previous reports. A large European study
reported 5-year native liver survival rates of 41-55% and
10-year survival rates of 35-47% after KPE.”' Japanese
data indicated 5-, 10-, and 20-year survival rates of 63%,
54%, and 44%, respectively, with half of the patients
developing cirrhosis by the age of 20 years.”” A previous
Thai study found that 66.3% of patients were alive with
jaundice-free status with their native livers over a mean
follow-up of 50.5 months.”

...................................... Original Article SM]

In summary, our study used data mining to study
BA in a large reimbursement dataset in Thailand. The
incidence rates of BA in Thailand were comparable to
those in other Asian countries, and patients with BA in
Thailand exhibit notably lower survival rates. The co-
occurrence of progressive liver disease (cirrhosis, hepatic
failure, or portal hypertension), anemia, coagulation
disorders, and malnutrition, significantly contribute to
poor survival outcomes. LT was an excellent rescue option
but with limitation in the availability of service. A regional
referral system as a service care plan and the availability
of a transplantation program are recommended.
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ABSTRACT

Objective: Colorectal cancer (CRC) is increasingly prevalent, particularly among individuals with first-degree
relatives (FDRs) diagnosed with CRC. Delayed colonoscopy beyond the recommended age increases the risk of
advanced neoplasia and late-stage CRC. This study aims to characterize colorectal neoplasms in adults under 50
years of age with an FDR history of CRC.

Materials and Methods: A cross-sectional study was conducted on outpatients aged 18-49 years with an FDR history
of CRC who presented with lower gastrointestinal symptoms and underwent colonoscopy at a tertiary hospital in
Vietnam. All endoscopic lesions suspected of colorectal neoplasia were removed and subsequently reviewed for
histopathological examination.

Results: Among 76 patients with FDRs diagnosed with CRC, the mean age was 40.2 + 6.5 years, with a male-to-
female ratio of 1:1.3. A total of 27 neoplastic lesions were identified in 20 patients, including 22 adenomas (81.5%),
3 sessile serrated lesions (11.1%), and 2 adenocarcinomas (7.4%). Overall, colorectal neoplasms were detected in
26.3% (20/76) of patients, with advanced colorectal neoplasia accounting for 9.2% (7/76), including 2.6% (2/76)
adenocarcinomas. The incidence of advanced colorectal neoplasms was higher but not significantly different in
the delayed colonoscopy group than in the screening group in terms of adherence to the guidelines (11.8% vs. 4%,
p =0.41).

Conclusion: The prevalence of colorectal neoplasms in young Vietnamese individuals with an FDR history of CRC
is significantly high.

Keywords: Colorectal cancer; advanced colorectal neoplasms; first-degree relatives; delayed screening (Siriraj Med

] 2025; 77: 620-630)

INTRODUCTION

Colorectal cancer (CRC) is one of the most common
cancers, ranking third in prevalence and second in
mortality worldwide, with an increasing trend in younger
populations.’ A recent American Cancer Society study
highlighted that the proportion of CRC diagnoses in
individuals under 55 nearly doubled in the United States,
rising from 11% in 1995 to 20% in 2019.” Similarly, in East
Asia, the incidence of CRC among individuals under 50
has been increasing at an annual rate of approximately
1.5%.” In Vietnam, early-onset CRC (diagnosed under
age 50) accounts for 28% of cases, with familial CRC
history being more prevalent in early-onset cases than
in late-onset cases."

This growing burden of early-onset CRC may be
partially explained by hereditary conditions such as Lynch
syndrome, which accounts for 15-17% of cases,” while
other cases involve familial risks without a clear genetic
etiology.®” These findings suggest that early-onset CRC
may arise from complex genetic predispositions distinct
from the somatic mutations commonly observed in older
patients.®” Evidently, a Korean study reported adjusted
hazard ratios (HRs) of 1.46 and 1.61 for CRC in individuals
with affected parents or siblings, rising to 2.34 when
both were affected.’ In a Hong Kong case-control study,
asymptomatic siblings of CRC patients had a threefold
higher prevalence of advanced neoplasms (7.5%) than

did controls (2.9%).” A 16-country Asia—Pacific study
reported significantly higher adjusted odds ratios (ORs)
for CRC (2.02-7.89), advanced neoplasms (1.55-2.06),
and adenomas (1.31-1.92) among those with FDRs
diagnosed with CRC."

Delayed colonoscopy screening in FDRs of CRC
patients significantly increases the risk of advanced
neoplasm and late-stage CRC, particularly in younger
adults (<50 years), with studies showing up to a 1.90-
fold higher risk and substantial reductions in life-years
gained." Studies have consistently shown that delays in
CRC diagnosis are linked to an increased likelihood of
advanced-stage (stage III or IV) disease, especially in
adults under 50 years of age."”'* Given the increasing
incidence and substantial familial risk associated with
early-onset CRC, further research focusing on individuals
with FDRs diagnosed with CRC is essential. This study
aims to describe the clinical characteristics, endoscopic
features, and histopathological findings of colorectal
neoplasms in young adults under 50 with an FDR history
of CRC.

MATERIALS AND METHODS
Study participants

A cross-sectional study was conducted from March
2022 to December 2023 at the University Medical Center
in Ho Chi Minh City, Vietnam. The study included

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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outpatients aged 18-49 years who presented with lower
gastrointestinal symptoms and had an FDR of CRC and
underwent colonoscopy. The exclusion criteria included
a history of colorectal surgery, inflammatory bowel
disease (IBD), inherited cancer syndromes, coagulation
disorders, inadequate bowel preparation (Boston Bowel
Preparation Scale total score < 6 and/or any regional
score < 2), incomplete colonoscopy, withdrawal time
of less than 6 minutes, and unwillingness to participate.

Demographic, clinical, endoscopic, and pathologic
data were collected and analyzed. Smoking status was
categorized as “non-smoker” or “smoker.” Overweight/
Obesity was defined as a body mass index (BMI) of 23.0
kg/m? or higher for Asia."” Non-alcohol consumption was
defined as either never drinking or consuming alcohol
once a month or less.'” A family history of CRC was
defined as the presence of at least one FDR diagnosed
with CRC. All eligible patients provided written informed
consent before participation. The study protocol received
approval from the Ethics Committee for Biomedical
Research at the University of Medicine and Pharmacy
in Ho Chi Minh City (Approval ID: 615/HDDD-DHYD,
dated November 19, 2021).

Sample size consideration

For sample size calculations, we used the prevalence
of colorectal neoplasms at 24%, as observed in a recent
Vietnamese study involving the sibling group of individuals
aged <50 years with early-onset advanced adenoma."’
Using a 95% confidence level (Z = 1.96) and a margin of
error (d) =0.10, the minimum sample size was calculated
according to the formula for estimating a proportion:
n=(Z>xpx(1-p))/d> resulting in a sample size of
approximately 70 participants.

Colonoscopy procedure

Bowel preparation was carried out using 3 liters of
polyethylene glycol-based solution (Fortrans®, Beaufour
Ipsen Industrie, France). The colonoscopies were performed
by experienced endoscopists using the Olympus Evis
Exera III High Definition CV-190 system (Olympus Co.,
Ltd., Tokyo, Japan). All endoscopists had an adenoma
detection rate of over 30% and had completed at least 3,000
colonoscopic procedures within the past five years. All
endoscopically detected lesion morphologies, locations,
and sizes were prospectively recorded and analyzed. The
polyp macroscopic type was divided into three categories
according to the Paris classification: type 0-I: polypoid
(0-Is: sessile, 0-Ip: pedunculated); type 0-1I: nonpolypoid
(0-IIa: slightly elevated, O-IIb: flat, 0-I1c: slightly depressed);
and type 0-III: excavated."* Morphologic classification of
advanced colorectal cancers was based on the Japanese

Classification of Colorectal Carcinoma (JCGA/JSCCR),
in which gross tumor types are categorized as polypoid
(Type 1), ulcerated with clear or infiltrative margins (Types
2 and 3), diftusely infiltrative (Type 4), or unclassified
(Type 5)."” The proximal colon included the cecum,
ascending colon, hepatic flexure, and transverse colon,
whereas the distal colon included the splenic flexure,
descending colon, sigmoid colon, and rectum.

All the endoscopic lesions were categorized into four
types according to JNET classification (1, 2A, 2B, and 3)
based on vessel and surface patterns. Vessel patterns include
invisible (type 1), regular caliber/regular distribution (type
2A), variable caliber/irregular distribution (type 2B), and
loose vessel areas/interruption of thick vessels (type 3).
Surface patterns progress from regular dark or white
spots (type 1) to regular (tubular/branched/papillary)
(type 2A), irregular (type 2B), and amorphous areas
(type 3).” All lesions suspected of colorectal neoplasia
were removed. The suspected invasive cancer lesions
were biopsied, and the surgical decision was made based
on the pathology results.

With respect to adhering to current guidelines
for performing colonoscopy for patients who have
FDRs diagnosed with CRC,”** this study defined two
concepts: “timely colonoscopy,” including individuals
who underwent colonoscopy by guidelines, initiating
at or before age 40 or at least 10 years earlier than the
youngest affected family member’s age at diagnosis; and
“delayed colonoscopy,” comprising those who failed to
meet these recommended timelines.

Histopathological analysis

Resected specimens were preserved in 10% buffered
formalin, embedded in paraffin, and evaluated by an
experienced gastrointestinal pathologist (H.M.L.).
Adenomas were classified following the World Health
Organization guidelines.”” Advanced colorectal neoplasia
(ACN) lesions were defined as either cancer or sessile
serrated lesions with dysplasia or adenomas that were
at least 10 mm in size, exhibited high-grade dysplasia,
had villous or tubulovillous histology, or a combination
of these features.

Statistical analysis

All the statistical analyses were conducted via
SPSS software version 20 (SPSS Inc., Chicago, IL). The
Kolmogorov-Smirnov test was applied to assess the
normality of continuous variables. For variables with a
nonnormal distribution, the median and interquartile range
(upper and lower quartiles) were reported. Categorical
variables are presented as frequencies and percentages.
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RESULTS
Participant characteristics

82 patients aged 18-49 with lower gastrointestinal
symptoms and an FDR history of CRC were referred for
colonoscopy. Among these patients, six were excluded
because of a history of colorectal surgery, IBD, or failure
to provide informed consent. The analysis included 76
individuals with at least one FDR diagnosed with CRC
(Fig 1). A total of 27 neoplastic lesions were detected in
20 individuals, comprising 22 adenomas (81.5%), three
sessile serrated lesions (11.1%), and two adenocarcinomas
(7.4%).

Among the 76 cases, the most common symptoms were
abdominal pain (64.5%) and diarrhea (55.3%), followed
by constipation (25.0%), while alarming symptoms like
weight loss and hematochezia were less common (7.9%
and 2.6%, respectively). The majority of participants
(93.4%) had one FDR with CRC, most commonly siblings

Original Article SM]

(56.6%), and a small number had both parents and
siblings affected (3.9%). Of the relatives diagnosed with
CRC, 27.1% were diagnosed before age 50, as presented
in Table 1.

Table 2 summarizes the endoscopic and histological
characteristics of colorectal neoplasia lesions. Sessile
polyps (0-Is) were the most common lesion shape (70.4%),
followed by pedunculated polyps (0-Ip) at 22.2% and
flat elevated lesions (0-11a) at 7.4%, with no depressed
lesions (0-1Ib) observed. Among the 27 lesions with
histopathological results, adenomas were the most prevalent,
comprising 81.5% (22/27). Of these, most were tubular
adenomas (77.8%, 21/27), with only one case identified
as a tubulovillous adenoma. Sessile serrated lesions were
observed in 11.1% (3/27). Additionally, two cases (7.4%)
were histologically diagnosed as adenocarcinomas. The
characteristics of these two adenocarcinoma cases are
presented in Table 4 and Fig 2.

Patients aged 18-49 with
FDRs diagnosed with CRC

(n=282)

Exclusion
- History of colorectal surgery (n=1)

- History of IBD (n=2)
- Not provided inform consent (n = 3)

Colonoscopy
(n=76)

37 lesions found in 26
individuals

Exclusion

- Inflammation (n=2)
- Hyperplastic (n=8)

27 neoplasia lesions
found in20 individuals

Adenocarcinoma Fig 1. Flow chart of participant recruitment.
(n=2) Abbreviations: IBD: Inflammatory bowel
disease; SSLs: Sessile serrated lesions
SSLs
(n=3)
Adenoma
(n=22)
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TABLE 1. Demographic characteristics of the participants.

Characteristics FDR, n (%)
N=76

Age

<30 4 (5.3)

30-39 25 (32.9)

40 — 49 47 (61.8)
Sex (n, %)

Male 33 (43.4)

Female 43 (56.5)
BMI

Normal 36 (47.4)

Overweight/Obese 40 (52.6)
Hypertension (n, %) 8 (10.5)
Diabetes (n, %) 3(3.9)
Smoking (n, %) 16 (21.1)
Alcohol (n, %) 15 (19.7)
Symptoms (n, %)

Abdominal pain 49 (64.5)

Diarrhea 42 (55.3)

Constipation 19 (25.0)

Weight loss 2 (2.6)

Hematochezia 6 (7.9)

Alarming features
Weight loss 2 (2.6)
Hematochezia 6 (7.9)

Number of FDRs with CRC diagnosis

One member 71 (93.4)

Two members 5(6.6)
Relationship

Siblings 43 (56.6)

Parents 30 (39.5)

Parents and siblings 3(3.9)

Age of diagnosis of CRC of FRD
<50 22 (27.1)
=250 59 (72.9)

Abbreviations: BMI: Body mass index; CRC: Colorectal cancer; FDRs: First-degree relatives
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TABLE 2. Endoscopic and histological characteristics of colorectal neoplasms.

Endoscopic characteristics

Lesion numbers in individuals
1
2
3
4
Size
<5mm
6 -9 mm
10— 19 mm

220 mm

JNET classification
JNET 1
JNET 2A
JNET 2B

Shape (Paris classification)
0-Is
0-lp
0-lla
0-1lb

Type 1 (Japanese Classification of CRC)

Location
Proximal
Distal

Treatment methods
Biopsy or CSP
HSP
EMR
ESD
Surgery

Histological characteristics
Adenoma

Tubular adenoma with low-grade dysplasia

Tubular villous adenoma with low-grade dysplasia

Traditional serrated adenoma
Sessile serrated lesion

Sessile serrated lesion with dysplasia

Adenocarcinoma
Advanced colorectal neoplasia

N= 27 (%)

20
16 (80.0)
2 (10.0)
1(10.0)
1(10.0)

13 (48.1)
4 (14.8)
9 (33.3)
1(3.7)

7 (26.0)
18 (66.6)
2(7.4)

18 (66.7)
5 (18.5)
2(7.4)
0(0.0)
2(7.4)

14 (51.8)
13 (48.2)

11 (40.7)
12 (44.4)
2(7.4)
0(0.0)
2(7.4)

Abbreviations: JNET: Japan NBI Expert Team, EMR: Endoscopic mucosal resection, ESD: Endoscopic submucosal resection, CSP: Cold

Snare Polypectomy, HSP: Hot Snare Polypectomy
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TABLE 3. Association between clinicopathologic characteristics and the occurrence of advanced colorectal

neoplasia (ACN).
Characteristics Non ACN
(n =69)
Age 240 (%) 41 (569.4)
Number of FDRs with CRC = 2 (%) 2(2.9)
Youngest FDR diagnosed <50 (%) 15 (21.7)
Hematochezia (%) 4 (5.8)
Weight loss (%) 2(2.9)
Delay colonoscopy 45 (65.2)

Abbreviations: FDRs: First-degree relatives; CRC: Colorectal cancer; ACN: Advanced colorectal neoplasia

ACN
(n=7)
6 (85.7)
3 (42.9)
3 (42.9)
2(28.6)
0(0.0)
6 (85.7)

p value

0.241
0.005
0.346
0.092

0.415

TABLE 4. Demographic, endoscopic, and histological characteristics of two patients diagnosed with colorectal

adenocarcinoma.

Characteristics

Age

Sex

Smoking
Overweight/Obese
Alarming signs

Number of FDRs of CRC
Relationship of FDR

Age of the youngest FDR diagnosed with colorectal cancer
Symptoms

Alarming signs

Adhering to colorectal screening guidelines

Lesions
Location
Size (mm)
Shape
Treatment modality
Pathology

Invasion

Diagnosis

Abbreviations: FDRs: First-degree relatives, CRC: Colorectal cancer

Patient 1
43

Male
Yes

Yes

No

2

Parent and sibling
54
Diarrhea
No

Delayed colonoscopy
(3 years)

Rectum
15
Type 1
Low anterior resection
Moderately differentiated

carcinoma

Muscularis propria

pT2NOMO

Patient 2

45

Male

Yes

Yes

No

2

Parent and sibling
49

Abdominal pain
No

Delayed colonoscopy
(5 years)

Sigmoid colon

25

Type 1

Left hemicolectomy
Moderately differentiated
carcinoma from tubular

villous adenoma
Submucosa

pT1NOMO
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Fig 2. Endoscopic and histological findings of two adenocarcinoma lesions. Lesion 1: A type 1 lesion in the rectum was observed in white

light endoscopy (A), and narrow-band imaging (B) showed JNET 2B. Histological images 10x (C) and (D) showed moderately differentiated

adenocarcinoma with muscularis propria invasion; (C) from the biopsy specimen and (D) from the surgical resection. Lesion 2: A type 1

lesion in the sigmoid colon was observed in white light endoscopy (E), and another 0-Ip advanced adenoma was found in the sigmoid colon

(F). Histological figures 10x (G) and 40x (H) confirmed that moderately differentiated adenocarcinoma arose in a tubular villous adenoma

with deep submucosal invasion.

Table 3 shows the relationship between ACN and
several clinicopathologic characteristics. Patients with two
or more FDRs diagnosed with CRC had a significantly
higher rate of ACN (42.9% vs. 2.9%, p = 0.005). Other
factors, such as being aged 40 or older, having a youngest
affected FDR aged under 50, the presence of hematochezia,
and delayed colonoscopy, were more common among
individuals with ACN. However, these differences were
not statistically significant.

Overall, among the 76 participants, 26.3% (20/76)
had colorectal neoplasms, 9.2% (7/76) had ACN lesions,
and 2.6% (2/76) were diagnosed with adenocarcinoma.
The occurrence of ACN lesions was higher in the delayed
colonoscopy group than in the group that adhered to
the guidelines, with rates of 11.8% and 4%, respectively
(p value = 0.41), but the difference was not statistically
significant.

DISCUSSION

This study highlighted the clinical, endoscopic,
and histopathological findings of colorectal neoplasms
in individuals under 50 with an FDR history of CRC.
Currently, limited data exists on colorectal neoplasia lesions
in this population across Asian countries, particularly in
Vietnam. Our study revealed that 26.3% (20/76), 9.2%
(7/76), and 2.6% (2/76) of the patients had neoplasia
lesions, ACN lesions, and adenocarcinoma, respectively.
When these findings were compared with those of a
screening program in 1,404 individuals in Thailand, which
included 117 patients of all ages with FDRs diagnosed

with CRC, the detection rates were 11.1% for neoplasia
lesions, 3.4% for ACN lesions, and 3.4% for CRC.”
Similarly, in a prospective cross-sectional study in Hong
Kong, ACN lesions and CRC were detected in siblings
of patients with CRC at rates of 7.5% (28/374) and 1.6%
(6/374), respectively, which were relatively higher than
those in controls in the average group.” The rates of ACN
lesions and CRC in studies from Thailand and Hong
Kong are lower than our findings. Nevertheless, our
study focused on those under 50 years of age, suggesting
a higher detection rate in our younger population. The
rate of early-onset CRC in Vietnam was 28%, with a
significantly greater prevalence of familial CRC in the
early-onset group than in the late-onset group (21.4%
vs. 7.6%, p < 0.001).* Similarly, in this series of cases,
we observed a nearly identical rate of CRC diagnoses
in relatives before age 50, at 27.1% (22/81), which is
consistent with earlier findings.

In a screening program in Australia, the data for
485 patients under 50 showed that the detection rates
were 16.5% for neoplastic lesions, 4.3% for ACN lesions,
and 1% for adenocarcinomas.” Similarly, a study from
Korea reported detection rates of 19.5% for neoplasia
lesions, 1.9% for ACN lesions, and 0.8% for CRC among
570 individuals under 50.° Although these two studies
did not focus on individuals with FDRs diagnosed with
CRC, and thus cannot be directly compared. However,
the rates of advanced lesions and CRC in our study
(9,2%) were higher than those reported in these studies,
emphasizing the increased risk among those with a
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family history of CRC. Our study is the first to evaluate
the prevalence of colorectal neoplasms in this specific
population. While comparisons with other studies are
indirect, these findings offer insight into the influence
of having FDRs on the occurrence of colorectal lesions
in individuals under 50.

Regarding delayed screening in our study, the incidence
of ACN lesions was higher in the “delayed colonoscopy”
group than in the “timely colonoscopy” group at 11.8%
versus 4%, respectively. Given the limited number of ACN
cases and the small overall sample size, this subgroup
analysis was underpowered to detect statistically significant
differences and should be considered exploratory. Further
research with a larger cohort is needed to better clarify
these relationships. This is particularly important, as
previous studies have demonstrated a high rate of early-
onset CRCin Vietnam, especially among individuals with
an FDR history of CRC, who should adhere strictly to
recommended screening timelines.” A large multicenter
cross-sectional study by Quintero et al. assessed the risk
of advanced neoplasia in FDRs of patients with CRC.
This study revealed that delayed screening in FDRs in
individuals with two FDRs diagnosed with CRC was
associated with a 1.90-fold increased risk, with an OR of
1.90 (95% CI: 1.36-2.66), of developing advanced neoplasia
compared with the average risk group.'’ Several studies
have reported that delays in the diagnosis of CRC are
associated with increased odds of being diagnosed at an
advanced stage (stage IIT or IV), particularly in younger
adults (<50 years).”” " A systematic review of 39 studies,
which included 185,710 younger and 1,422,062 older
CRC patients, evaluated clinical delays and outcomes
between these age groups. Sixteen studies examining
prediagnostic intervals consistently reported longer delays
for younger adults, who also had significantly higher odds
of presenting with advanced-stage CRC, with a pooled
OR 0f 1.76 (95% CI: 1.52-2.03)." A simulation study by
Rutter et al. found that a 5-year delay in screening initiation
increased the incidence of CRC by 21.7% and that of late-
stage CRC by 26.8%, with a 12.4% reduction in life-years
gained." Delayed colonoscopy in high-risk individuals
may not only increase the likelihood of detecting CRC
at a more advanced stage but also affect postoperative
recovery and quality of life. A recent study conducted
in Thailand highlighted the influence of psychosocial
and socioeconomic factors, such as financial strain,
limited familial support, and heightened anxiety, on the
postoperative well-being of CRC patients. These findings
emphasize the critical importance of timely screening
and comprehensive, patient-centered care, particularly
among younger individuals with a significant familial

predisposition.”” Timely colonoscopic evaluation may have
facilitated earlier detection and enabled the endoscopic
removal of precancerous or early-stage lesions. This aligns
with findings from Mongkhonsupphawan et al., who
reported a 5-year overall survival rate of 70.9% among
stage I-1IT CRC patients undergoing curative resection
in Thailand. Furthermore, rectal cancer was associated
with less favorable prognoses compared to colon cancer,
with distant recurrence observed in up to 28.6% of rectal
cancer cases.” Therefore, early sigmoidoscopic screening
also holds promise in detecting neoplastic lesions in the
rectum at an earlier, more treatable stage.

Our study identified two cases of adenocarcinoma
in patients who underwent colonoscopy later than the
recommended age; both had exceeded the indications
for endoscopic intervention. If these two lesions had
been screened earlier, they could have been completely
removed via endoscopic resection. These two cases share
the common characteristic of early-onset CRC, with the
prevalent anatomic site in the distal colon (50%-80% of
cases).” Among the 143 immigrant Asian CRC patients
included in the retrospective review, Lynch syndrome
was identified in 4.19% of them. In the Lynch group,
two-thirds of the tumors were located on the left side
of the colon, similar to the distribution observed in
the sporadic CRC group.” CRC associated with Lynch
syndrome in Asian individuals is predominantly observed
in the distal colon, a distribution pattern that aligns
with findings in sporadic CRC patients. Therefore, if
individuals with an FDR of CRC are not prepared for
colonoscopy, sigmoidoscopy could be considered an
alternative screening option to detect early lesions and
encourage them to proceed with a complete colonoscopy.
Since their young age at diagnosis (43 and 45 years) and
the presence of CRC in both a parent and a sibling, these
two patients may fulfill clinical criteria for hereditary
colorectal cancer syndromes such as Lynch syndrome.
According to international guidelines—including the
National Comprehensive Cancer Network (NCCN)* and
the European Society for Medical Oncology (ESMO)*!
recommend that patients diagnosed with CRC before age
50, particularly those with two or more FDRs affected
(regardless of age), be referred for genetic counseling
and germline testing, ideally using multigene panels.
In our study, neither patient underwent molecular or
genetic testing, which highlights a significant gap in
how hereditary cancer risk is currently assessed in our
healthcare setting. Although access to genetic testing in
Vietnam is still limited, expanding its availability and
improving awareness of guideline-based evaluations for
Lynch syndrome and other inherited CRC syndromes
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should be a key priority. This is an important step forward
in improving patient care and preventing cancer in
high-risk families.

This study has several limitations. First, it was
conducted at a single tertiary center with a relatively small
sample size, which may limit the generalizability of the
findings. Second, we did not include a comparison group
of individuals without a family history of CRC, which
restricts our ability to assess relative risk. Third, although
two young patients with multiple affected relatives met
criteria for genetic evaluation, germline testing was not
performed, reflecting the limited availability of such
services in our setting.

In conclusion, our study identified neoplasia lesions
in 26.3% of patients, advanced colorectal neoplasia in
9.2%, and colorectal cancer in 2.6% of young Vietnamese
individuals with FDRs diagnosed with CRC. Two cases
of CRC in this series were delayed-screened according
to the guidelines’ recommendations, which have been
proven to be associated with increased odds of being
diagnosed at an advanced stage.
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Is It Safe to Perform a Right-sided Laparoscopic
Living Donor Nephrectomy Compared to the Open
Technique? A Single-center Experience in Thailand

Nattaporn Wanvimolkul, M.D., Ekkarin Chotikawanich, M.D., Siros Jitpraphai, M.D., Varat Woranisarakul,

M.D., Thitipat Hansomwong, M.D., Pongsatorn Laksanabunsong, M.D., Tawatchai Taweemonkongsap, M.D.*
Division of Urology, Department of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand.

The Laparoscopic Approach to Right-sided Donor Nephrectomy:

A Modern Alternative to Open Surgery

Right-sided laparoscopic donor nephrectomy
is a safe and feasible approach that should be

?« considered for the donor's benefit.
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ABSTRACT

Objective: Living donor kidney transplantation is the treatment of choice for many patients with end-stage renal
disease. Laparoscopic donor nephrectomy (LDN) offers the benefits of minimally invasive surgery to donors.
However, right-sided LDN continues to raise concerns among some surgeons due to challenges related to donor
safety and graft outcomes. This study aims to evaluate the surgical outcomes and graft function associated with
right-sided LDN compared to the open donor nephrectomy.

Materials and Methods: Between January 2001 and May 2024, a total of 128 right-sided living donor nephrectomies
were performed at Siriraj Hospital, including 83 open and 45 laparoscopic procedures. A comparative analysis was
conducted between the two surgical approaches.

Results: The most common indication for right-sided nephrectomy was the presence of multiple or early-branching
renal arteries on the left side (62.5%). The estimated blood loss was significantly lower in the laparoscopic group
compared to the open group (80 mL vs 100 mL, p=0.004). However, operative and warm ischemic times were
significantly longer in the LDN group (245 minutes vs. 180 minutes, p < 0.001 and four vs. two minutes, p < 0.001,
respectively). Perioperative complication rates were comparable between the two groups. Only one case (2.22%) in
the LDN group required conversion to open surgery. From the recipient’s perspective, renal graft outcomes were
comparable, with no instances of acute graft loss in either group.

Conclusion: Based on our evidence, the laparoscopic approach for right-sided donor nephrectomy is both feasible
and safe. Right-sided LDN should be considered for its benefits.

Keywords: Right-side donor nephrectomy; Laparoscopic donor nephrectomy; Donor nephrectomy (Siriraj Med

] 2025; 77: 631-638)

INTRODUCTION

The introduction of kidney transplantation nearly
a century ago marked a transformative milestone in the
treatment of end-stage renal disease (ESRD)." Initially
dependent on deceased donors, the field has since evolved
to include living donor transplants. This advancement
has been accompanied by improvements in surgical
techniques, including laparoscopic procedures, and
the development of more effective immunosuppressant
therapies. Together, these innovations have significantly
enhanced transplant success rates, resulting in better
patient outcomes and quality of life.

The global rate of kidney transplantation has
been steadily increasing over the years.” In Thailand,
however, this increase is primarily driven by deceased
donor transplants, while the rate of living donor kidney
transplantation remains low. This trend persists despite
significant benefits, such as a lower risk of delayed graft
function (DGF) and improved immediate graft function.’
Previous studies have shown that the introduction of
less invasive surgical techniques, such as laparoscopic
approaches, significantly enhances individuals’ willingness
to become living kidney donors."”

When selecting a kidney for donation, the primary
considerations are the donor’s safety and the potential
long-term risk of developing end-stage renal disease. If
a significant functional disparity exists between the two

kidneys, typically defined by a glomerular filtration rate
(GFR) difference greater than 10%, the kidney with lower
function is typically selected for donation. However, if
both kidneys have comparable function, anatomical
factors take precedence. Surgeons generally prefer the
left kidney for donation due to its longer renal vein, which
facilitates the transplantation process. This preference has
become more pronounced with the advent of laparoscopic
donor nephrectomy (LDN).” Nonetheless, the right
kidney may be selected in cases where the left kidney
has unfavorable anatomical features, such as multiple
or complex vascular structures, cysts, or stones.

At the Faculty of Medicine Siriraj Hospital, LDN was
first introduced in 2001. Over the following decade, 129
patients underwent laparoscopic kidney donation. The
results showed that LDN is both effective and safe, with
outcomes comparable to open surgery nephrectomy.’
Despite the widespread adoption of LDN, concerns remain
regarding donor safety and graft outcomes, particularly in
right-sided nephrectomies. In real practice, most left-sided
donor nephrectomies are performed laparoscopically,
while right-sided procedures are more commonly done
using the open technique. However, several studies have
reported that right-sided LDN achieves success rates
comparable to those of left-sided LDN procedures.”"’
This study aims to compare the surgical outcomes and
graft function between right-sided LDN and the open
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technique at our institution. The ultimate goal is to
promote wider adoption of the laparoscopic approaches
for right-sided donor nephrectomy, thereby enhancing
donor safety and potentially increasing interest in kidney
donation.

MATERIALS AND METHODS

The study protocol was approved by the Institutional
Review Board of the Faculty of Medicine Siriraj Hospital,
Mahidol University, Thailand, protocol number COA
no. Si 578/2024. This study retrospectively reviewed
the medical records of 128 patients who underwent
right-sided nephrectomy at our institution between
January 2001 and May 2024, following the introduction
of laparoscopic donor nephrectomy as an option at our
center in 2001.

Data were collected from both donor and recipient
medical records and included demographic information,
indication for right-sided donor nephrectomy, perioperative
outcomes, and graft outcomes. Patients were categorized
into two groups: LDN and open donor nephrectomy
(ODN). Indications for choosing the right kidney included
the presence of multiple or early-branching vessels in
the left kidney, superior function of the left kidney,
or pathological findings in the right kidney. Superior
function of the left kidney was defined as a glomerular
filtration rate (GFR) difference of more than 10% and
DGF was defined as the requirement for dialysis within
the first postoperative week.

The ODN procedure was performed using a standard
retroperitoneal flank approach without rib resection.
LDN was performed via a transperitoneal approach using
three or four ports. In the initial eight cases, the kidney

...................................... Original Article SM]

was retrieved through a low transverse incision with a
hand-assist device. Subsequently, manual extraction
was done through a 7-9 cm Pfannenstiel incision. In
our cohort, hilar control was achieved using lockable
polymer clips.

Quantitative variables such as age, body mass index
(BMI), and serum creatinine levels, were reported as mean
+ standard deviation for normally distributed variables
or as median for non-normally distributed variables.
Qualitative data, such as gender and complication rates,
were expressed as frequencies and percentages. Comparisons
of categorical data were performed using the Chi-square
test or Fisher’s exact test. Continuous data with normal
distribution were analyzed using the Student’s t-test and
the Mann-Whitney U test for non-normally distributed
continuous data. All analyses were conducted using SPSS
Version 18 (IBM Corp., Armonk, NY), with a p-value
<0.05 considered statistically significant.

RESULTS

A total of 128 right-sided donors were included
in this study, with 83 undergoing open ODN and 45
undergoing LDN. The most common indication for
right-sided donor nephrectomy was the presence of
multiple or early branching arteries on the left side
(62.5%), followed by superior function of the left kidney
in 25% of cases. Other indications included right-sided
renal pathologies, such as renal cysts (6.25%) and small
calyceal stones (3.13%), as summarized in Table 1.

Donor demographic data and surgical outcomes for
the LDN and open ODN are presented in Table 2. There
were no significant differences in baseline characteristics
between the two groups, including age, sex, body mass

TABLE 1. Indications for right-sided donor nephrectomy.

Indications (n, %)

Two or more arteries on left side
Early branching of left renal artery
Better function of left kidney (>10%)
Right renal artery stenosis

Right renal cyst

Small calyceal stone in right kidney

Right renal anomaly*

No. of Donors (%)

(N=128)
72 (56.25)
8 (6.25)
32 (25.00)
1(0.78)
8 (6.25)
4(3.13)

3(2.34)

*Right double collecting system, malrotation of right kidney, scar of the lower pole of the right kidney
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TABLE 2. Donor demographics and surgical outcomes.

Variables

Age (meanzSD, years)

Sex (M:F)

BMI (meanSD, kg/m?)

Preoperative Cr (mean+SD, mL/min)
Operative time (Median range, mins)
Estimated blood loss (Median range, ml)
Warm ischemic time (Median range, mins)
Length of stays, (mean+SD, days)

Tube drain (N, %)

Duration of tube drain (mean+SD, days)
Immediate post-operative serum Cr (mean+SD, mL/mins)
Cr at discharge (mean+SD, mL/min)
Intraoperative complication (N, %)

Postoperative complication (N, %)

index and preoperative serum creatinine levels, indicating
comparable donor profiles. However, significant differences
were observed in operative parameters. The median
operative time and warm ischemic time were significantly
longer in the LDN group compared to the ODN group
(245 vs. 180 minutes, p < 0.001 and 4 vs. 2 minutes, p <
0.001, respectively). Estimated blood loss was significantly
lower in the LDN group (80 vs. 100 ml, p = 0.004).
Intraoperative complications occurred in 8.4% of
ODN cases and 6.6% of LDN. Only one patient (2.22%)
in the LDN group required conversion to open surgery
due to technical challenges related to poor exposure in
a high BMI case. In the ODN group, there were seven
complications, including vascular injury, renal injury, and
pleural injury; however, the difference between groups
was not statistically significant (p = 0.745). Postoperative
complications were observed in 25.3% of ODN cases
and 33.3% of LDN cases, though the difference was not
statistically significant (p = 0.335). Major postoperative
complication, defined as a Clavien-Dindo score greater
than three, occurred in only one case in the LDN group.
This case, only the third LDN case of our series, involved
postoperative bleeding from a renal vein tear that required

Open Laparoscopic p-value
nephrectomy nephrectomy

(N=83) (N=45)

37.90+9.42 36.71+£10.98 0.617
33:50 19:26 0.786
24.11+4.20 22.79+3.36 0.071
0.79+0.19 0.80+0.18 0.632
180 (82,360) 245 (160, 350) <0.001
100 (20, 2,600) 80 (10, 3,000) 0.004
2 (0.5, 8) 4 (1.5, 14) <0.001
5.99+1.63 6.09+1.71 0.743
44 (53.01) 18 (40.00) 0.196
3.05+0.61 3.5+1.38 0.195
1.25+0.32 1.20+0.29 0.355
1.12+0.29 1.07+0.26 0.360
7 (8.43) 3(6.67) 0.745
21 (25.30) 15 (33.33) 0.335

re-exploration. Among minor complications, fever was the
most common and occurred significantly more often in
the LDN group (22.2% vs. 7.2%, p = 0.023). Surgical site-
related complications in ODN group, including surgical
site infection and pleural injury, were more frequently
observed in the ODN group. Other minor complications,
including anemia requiring transfusion, paralytic ileus,
acute urinary retention, electrolyte imbalances, phlebitis,
and herpes zoster infection, were comparable between
the groups (Table 3).

Regarding recipient outcomes, renal graft function
was comparable between the two groups. The median
vascular anastomosis time did not significantly differ
between ODN and LDN groups (41 vs. 43.5 minutes,
p =0.685). The incidence of graft-related complications,
including acute rejection and ureteric leakage, showed no
significant differences. There were no cases of acute graft
loss, renal artery thrombosis, or renal vein thrombosis
in either group. Although the incidence of DGF was
slightly higher in the ODN group, the difference was
not statistically significant. Serum creatinine levels at
discharge were also comparable between both groups.
(Table 4)
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TABLE 3. Donor perioperative complications.

Variables (n, %) Open nephrectomy Laparoscopic p-value
nephrectomy
Intraoperative complications
Conversion to open 0 1(2.22) 0.352
Vascular injury 3(3.61) 2 (4.44) 1.000
Renal injury 2(2.41) 0 0.540
Pleural injury 2(2.41) 0 0.540
Postoperative complications
Major complication
Postoperative bleeding requires re-exploration 0 1(2.22) 0.352
Minor complication
Pneumothorax 3 (3.61) 0 0.551
Surgical site infection 4 (4.82) 1(2.22) 0.656
Anemia requiring transfusion 3(3.61) 0 0.551
Paralytics ileus 0 1(2.22) 0.352
Post-operative fever 6 (7.22) 10 (22.22) 0.023
Acute urinary retention 1(1.29) 1(2.22) 1.000
Electrolyte imbalances 3(3.61) 0 0.551
Phlebitis 0 1(2.22) 0.351
Herpes zoster infection 1(1.20) 0 1.000
TABLE 4. Recipients’ graft outcomes.
Variables Open nephrectomy Laparoscopic p-value
nephrectomy
Recipient anastomosis time (Median range, min) 41 (20, 91) 43.5 (11, 70) 0.685
Acute rejection 12 (15.00) 5(11.36) 0.573
Delayed graft function 8 (10.00) 2 (4.55) 0.492
Ureteric leakage 2 (2.50) 1(2.27) 1.000
Renal artery thrombosis 0 0
Renal vein thrombosis 0 0
Perinephric hematoma 1(1.25) 0 1.000
Serum Cr at discharge (mean+SD, mL/min) 1.41+0.78 1.50+0.83 0.559
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DISCUSSION

The superiority of LDN over ODN has been
well established in previous studies, demonstrating
advantages such as reduced intraoperative blood loss,
shorter hospital stays, decreased postoperative pain, and
improved cosmetic outcomes.”'"'* However, in most
studies, LDN has predominantly been performed on the
left side due to the anatomical advantages, including a
longer renal vein and the absence of liver mobilization.
In contrast, the use of laparoscopic techniques for right-
sided donor nephrectomy remains a subject of ongoing
debate, particularly regarding its safety and impact on
graft outcomes.

Our study specifically focused on right-sided
donor nephrectomies, comparing laparoscopic and
open approaches. We found that, even on the right side,
LDN offered the advantage of significantly reduced blood
loss (80 mL vs 100 mL, p = 0.004), highlighting one of
the key benefits of minimally invasive surgery. Although
LDN was associated with longer WIT and operative
duration, the WIT remained within an acceptable range
(4 minutes), and the operative time observed in our study
was consistent with previous literature.”” Moreover, recent
studies have also reported that the operative time for
right-sided LDN may be shorter than that for left-sided
procedures.'® In our LDN cohort, the conversion rate
to open surgery was 2.22% (1 case), which is consistent
with previously reported conversion rates for right-sided
LDN, ranging from 1.79% to 6.25%."”"* This conversion
was due to poor intraoperative exposure. The patient in
this case had a BMI of 24.38. Notably, a study by Jacobs
etal.”” showed that markedly obese patients (BMI > 35)
undergoing LDN were more likely to require conversion
to open nephrectomy compared to donors with ideal body
size (7.3% vs. 0%). In our series, we performed LDN in
two obese patients (defined as BMI > 30), and neither
required conversion or experienced any intraoperative
complications. This suggests that the conversion observed
in our study was likely attributable to the surgeon’s
experience.

One of the primary concerns in right-sided LDN
is achieving adequate renal vein length while ensuring
secure pedicle control. Two commonly employed methods
for ligating the renal pedicle include non-transfixing
techniques, such as lockable polymer clips, and transfixing
techniques like surgical staplers. Although the safety of
polymer clips for pedicle control has been questioned,
recent studies have demonstrated that they are both
safe and effective, and offer additional advantages such
as increased vascular length and cost efficiency.”””' In
our cohort, polymer ligating clips were used for vascular

control in all cases, and no instances of clip dislodgement
or clip-related complications were observed. As donor
safety remains paramount, future developments in surgical
instruments like staples designed to preserve greater
venous length at a reasonable cost may further optimize
outcomes in right-sided LDN.

Previous studies have reported perioperative
complication rates ranging from 5% to 30% for LDN,
and from 0% to 35% for ODN.” In our study, which
specifically focused on right-sided donor nephrectomies,
the perioperative complication rate for LDN was 40.31%,
compared to 33.73% for ODN. Furthermore, we observed
no major laparoscopy-specific complications, such as
intraabdominal organ injury. Our results demonstrated
comparable postoperative complication rates between
the two surgical approaches. Most complications in
the LDN group were minor, including fever, paralytic
ileus, and phlebitis. Only one major complication was
observed in the LDN group — postoperative bleeding
in the third case, which required re-operation. This
may be attributed to our learning curve associated with
performing right-sided LDN.

In contrast, the ODN group was associated with
more surgical site-related complications, including
surgical site infections and pleural injuries. Three cases
in the ODN group developed pneumothorax, one of
whom required intercostal drainage (CDC grade 3a).
Additionally, three cases experienced anemia requiring
transfusion. Notably, neither pneumothorax nor transfusion-
requiring anemia occurred in the LDN group. There
were no cases of mortality among donors undergoing
right-sided nephrectomy. While previous studies have
reported significantly shorter hospital stays for LDN",
our cohort showed no significant difference in length
of stay between the two approaches. This is likely due to
local clinical practice in Thailand, where most patients
prefer to remain hospitalized for approximately one
week to ensure full recovery before discharge.

In terms of recipient outcomes, concerns have been
raised that the laparoscopic approach could compromise
graft function due to factors such as pneumoperitoneum,
longer WIT, and shorter renal vein length. Although
LDN in our study was associated with significantly
longer operative time and WIT, the latter remained
within an acceptable range of four minutes. Importantly,
graft function did not differ significantly between the
LDN and ODN groups. Also, anastomosis times were
comparable, suggesting that the technical difficulty of
vascular anastomosis was not markedly different between
the two approaches. Additionally, there were no cases
of acute graft loss, renal artery thrombosis, or renal vein
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thrombosis in either group. A recent systematic review in
2025 demonstrated that right-sided living donor kidney
transplantation is associated with a higher risk of DGF
and graft loss compared to left-sided transplantation.
However, in our study, the incidence of thrombosis,
acute rejection, graft loss, and DGF were all comparable
between surgical approaches. The technique of pain
management for improving recipient outcomes was also
previously reported.” Nevertheless, the importance of
long-term recipients’ outcomes in right-sided donors
still needs further investigation.

Nevertheless, the retrospective design of our study
presents several limitations. Notably, data on postoperative
pain and cosmetic outcomes, which are likely to be more
favorable in the LDN — were not available. Additionally,
the study was conducted at a single center, where surgeon
preference and experience could have influenced the
outcomes. The sample size for both surgical approaches was
also small. However, to our knowledge, this represents the
largest report comparing right-sided donor nephrectomy
using both surgical approaches in the Thai population.

16

CONCLUSION

Our findings suggest that right-sided LDN is as safe
as the open approach, given its comparable complication
profile. Although LDN is associated with longer operative
and warm ischemia times, recipient graft outcomes
remain unaffected. Moreover, LDN provides the added
benefits of reduced intraoperative blood loss. Therefore,
the laparoscopic approach should be considered a viable
option even for right-sided nephrectomies. However,
further research is needed to validate these findings and
to assess long-term outcomes, particularly with respect
to postoperative pain, convalescence data, and cosmetic
outcomes.
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Accuracy of Breast Magnetic Resonance Imaging
(MRI) and Breast Ultrasound Compared to Pathology
in Assessing Residual Tumor in Breast Cancer
Patients Receiving Neoadjuvant Systemic Treatment
at Siriraj Hospital

Apinya Ilamsamang, M.D.!, Shanigarn Thiravit, M.D.%, Voraparee Suvannarerg, M.D 2, Pradit Rushatamukayanunt,

M.D.!, Pornpim Korpraphong, M.D.%, Suebwong Chuthapisith, M.D.!, Waraporn Imruetaicharoenchoke, M.D."*
'Division of Head Neck and Breast, Department of Surgery, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand,
’Division of Diagnostic Radiology, Department of Radiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand.

MRI vs Ultrasound

in Evaluating Residual Breast Cancer after Neoadjuvant Systemic Therapy

MRI demonstrates greater accuracy than U/S in evaluating residual disease following
NAST, and should be considered a standard modality in preoperative evaluation to

optimize surgical planning
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ABSTRACT

Objective: To evaluate the accuracy of magnetic resonance imaging (MRI) and ultrasound (US) in assessing residual
tumor size compared to pathological findings in breast cancer patients who received neoadjuvant systemic treatment
(NAST), and to examine the influence of imaging on surgical planning across different molecular subtypes.
Materials and Methods: This retrospective study included 24 breast cancer patients who underwent NAST followed
by surgery at Siriraj Hospital between 2016 and 2024. Preoperative breast MRI and breast US, performed within 3-6
weeks prior to surgery, were compared with pathological tumor size. Analysis focused on mass lesions, with non-
mass enhancement (NME) considered in selected cases where it presented. Imaging findings were independently
reviewed by a second, blinded radiologist. Concordance between imaging and pathology was assessed.

Results: A total 24 patients were analyzed. MRI showed superior agreement with pathological tumor size, with
91.7% of cases falling within a +10 mm margin, compared to 70.0% for US. Mean tumor sizes were 5.4 mm for MRI,
8.3 mm for US, and 10.9 mm based on pathological examination. Bland-Altman analysis revealed better agreement
between MRI and pathology (limits of agreement: -23.5 — 34.5 mm) compared to US. These results highlight the
superior accuracy and reliability of MRI over US for preoperative tumor size assessment.

Conclusion: MRI demonstrates greater accuracy than US in evaluating residual disease following NAST. In case of
invasive lobular carcinoma (ILC) subtypes, incorporating NME into imaging assessment may improve concordance
with pathological findings. MRI should be considered a standard modality in preoperative evaluation to optimize
surgical planning.

Keywords: Breast cancer; neoadjuvant chemotherapy; MRI; ultrasound; pathological concordance (Siriraj Med ]

2025; 77: 639-649)

INTRODUCTION

Breast cancer is currently the most commonly diagnosed
cancer among women, leading to rapid advancements
in treatment strategies that markedly differ from those
of the past.' This is particularly evident for tumors with
high proliferative potential, leading to a high likelihood
of lymphatic or distant metastasis, such as HER2-positive
and triple-negative breast cancer (TNBC), and those
with elevated Ki-67 expression.

In most cases, treatment begins with systemic
therapy—including chemotherapy, targeted therapy,
or immunotherapy—administered before surgery
(neoadjuvant systemic treatment, or NAST). Systemic
therapy may lead to a clinical complete response (cCR),
characterized by the absence of detectable tumor on physical
examination, mammography, and ultrasonography. In
certain cases, a pathological complete response (pCR),
defined as the absence of residual invasive cancer on
histopathological assessment, may also be achieved,
correlating with improved survival outcomes.”

The pattern of tumor shrinkage varies significantly.’
According to a study by Erika M.S. et al., in patients with
mass lesions visible on MRI, the correlation between
MRI findings and final pathology was as high as 86%."
Most tumors presenting as mass lesions demonstrate
concentric shrinkage mode (CSM) in response to NAST,
which is more common in TNBC and HER2-positive

subtypes. Conversely, tumors, especially the luminal
subtype, exhibited on MRI as non-mass enhancement
(NME) patterns tend to respond with a scattered shrinkage
pattern.” These different patterns complicate post-NAST
response assessment using mammography or US alone
and may lead to positive surgical margins, necessitating
reoperation and potentially compromising oncologic
outcomes. In luminal tumors, concentric shrinkage is
seen in only 45.7% of cases, compared to 66.2% in TNBC
and 59% in HER2-positive cases.® Accurate preoperative
imaging to determine the pattern of response after NAST
is therefore critical in optimizing surgical planning and
minimizing margin positivity, which is linked to increased
local recurrence and reoperation.

MRI is the most sensitive modality for evaluating
residual disease after NAST due to its superior contrast
resolution and ability to detect NME or scattered tumor
foci.” However, variability in MRI performance across
molecular subtypes—overestimating or underestimating
residual disease—highlights the need for further study.

While studies from Western countries and East
Asia—including a recent large-scale Korean cohort study
by Kim et al.*—have investigated the diagnostic accuracy
of magnetic resonance imaging (MRI) in predicting
pathological complete response (pCR) across molecular
subtypes, data from Southeast Asian populations,
including Thailand, remain limited. In this region, the
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majority of patients present with heterogeneously dense
to extremely dense breast tissue, which may impact
imaging outcomes. Furthermore, differences in tumor
biology, imaging interpretation, access to diagnostic
technology, and treatment protocols may influence the
diagnostic performance and reliability of MRI in this
specific context. The scarcity of locally relevant evidence
underscores the need for region-specific validation of
imaging strategies in the neoadjuvant setting.

This study aims to evaluate the concordance between
preoperative imaging modalities— MRI and US—and
final pathological findings in breast cancer patients
undergoing NAST at Siriraj Hospital. Additionally,
patterns of tumor shrinkage (concentric vs. scattered) are
characterized according to molecular subtype to inform
surgical decision-making. The findings are expected to
provide insight into the reliability of current imaging
strategies for predicting residual disease and support
evidence-based surgical planning in the neoadjuvant
setting.

MATERIALS AND METHODS

Study design

This retrospective observational study was conducted
at Siriraj Hospital and Siriraj Piyamaharajkarun Hospital
in Bangkok, Thailand, with ethical approval from the
Siriraj Institutional Review Board.

Patients who under breast MRI

N =196 \~\\~
v )
Cd
Received NAST A
N =40 ~

v

Post NAST MRI available
N=32

Post NAST ultrasound availiable
N=27

v

Complete clinical and imaging data
N=24

Fig 1. The chart illustrates the patient recruitment flow in this study.

el N =156

-7 N=28

~
~
| S

SA Excluded : No post NAST ultrasound
A Excluded : Incomplete data
,¢’ N=3

Original Article SM]

Patient selection

Female patients with histologically confirmed breast
cancer who received NAST followed by surgery between
January 2016 and December 2024 were reviewed.

Inclusion criteria:

1.Age =18 years

2.Receipt of NAST (chemotherapy, targeted therapy,
or immunotherapy)

3. Availability of preoperative MRI and US within
3-6 weeks before surgery

4. Complete histopathological report from surgery

Exclusion criteria:

1. MRI performed at outside institutions

2. Incomplete imaging or pathology records

Out of 196 breast cancer patients reviewed: 156
did not receive NAST, 8 lacked post-NAST MRI, 6
lacked post-NAST ultrasound for comparison, and 2
had incomplete clinical or imaging data, as shown in
Fig 1. Ultimately, 24 patients were included in the study.

Imaging technique and imaging analysis

Imaging protocols were standardized. Breast MRI
included axial T1-weighted (T1W) and sagittal T2-weighted
(T2W) fat-suppressed sequences, diffusion-weighted
imaging (DWI), and post-contrast dynamic series using

Excluded : Did not receive NAST

Excluded : No post NAST MRI
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gadolinium. Only measurable mass lesions were used for
primary tumor size estimation; NME was recorded but
excluded from initial measurements. Ultrasound was
performed using high-resolution linear-array transducers
and interpreted by board-certified radiologists.

To ensure reliability and minimize interpretive bias,
two board-certified breast radiologists independently
reviewed the MRI scans, blinded to the surgical pathology
results. In cases demonstrating non-mass enhancement
(NME), the maximal linear extent was measured in
millimeters using dynamic contrast-enhanced sequences.
Inter-observer agreement demonstrated substantial
reliability, with an intraclass correlation coefficient (ICC)
of 0.67. According to standard interpretation criteria, ICC
values between 0.61 and 0.80 are indicative of substantial
agreement.

With regard to tumor response patterns following
neoadjuvant systemic therapy (NAST), two distinct types
were identified: concentric shrinkage as demonstrated
in Fig 2A and 2B and scattered shrinkage, as shown in
Fig 3A and 3B. These patterns were documented and
analyzed in relation to the molecular subtypes of breast
cancer to assess potential correlations.

Data collected included age, tumor histology and
subtype, imaging findings, type of surgery, and pathologic
tumor size. Molecular subtypes were categorized as
HER2-enriched, TNBC, or luminal B, based on
immunohistochemistry and DISH results.

Statistical analysis
Descriptive statistics were used for mean, standard
deviation (SD), median, minimum, maximum, and range.

A

B

Fig 2. Concentric shrinkage response on MRI. Fig 2A and 2B demonstrate MRI at initial diagnosis and after completion of NAST, respectively.

A

Fig 3. Scattered shrinkage response on MRI. Fig 3A and 3B depict MRI scans at initial diagnosis and following completion of NAST,

respectively.
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Crosstabulation analysis was conducted to evaluate
categorical agreement between imaging-based tumor size
categories and was expressed as the proportion (%) of
correctly classified cases. Bland-Altman plots were used
to assess agreement between imaging and pathology.
Statistical analyses were performed using SPSS version
29.

RESULTS

A total of 24 patients were initially identified, as
shown in Table 1. All patients received neoadjuvant
systemic treatment based on their cancer subtypes prior
to surgery. Regarding surgical treatment, 62.5% (n = 15)
of patients underwent wide excision, while 37.5% (n=9)
underwent mastectomy, including modified radical
mastectomy (MRM), nipple-sparing mastectomy (NSM),
and total mastectomy (TM). Non-mass enhancement
(NME) on preoperative MRI was observed in 37.5%
(n =9) of patients, while the remaining 62.5% (n = 15)
showed no evidence of NME. Following neoadjuvant
treatment, the predominant tumor shrinkage pattern
observed on MRI was concentric mass shrinkage, present
in 83.3% (n = 20) of patients. In contrast, a scattered or
NME shrinkage pattern was identified in 16.7% (n = 4).
The tumor dimensions reported on MRI, ultrasound
(US), and pathology were based on the longest diameter
of the lesion.

...................................... Original Article SM]

Table 2 presents the distribution of tumor shrinkage
patterns according to molecular subtype. Concentric
shrinkage was observed in the majority of cases (83.3%),
while scattered shrinkage was identified in 16.7%. Among
patients with triple-negative breast cancer (TNBC), 72.7%
exhibited a concentric shrinkage pattern, whereas scattered
shrinkage was observed in 3 of 11 cases (27.3%). In the
luminal B HER2-negative group, 83.3% demonstrated
concentric shrinkage. Notably, all cases in the luminal
B HER2-positive and HER2-overexpressing subtypes
exhibited concentric shrinkage exclusively. Although
descriptive trends suggest that HER2-driven tumors and
luminal B subtypes are more likely to exhibit concentric
shrinkage patterns, statistical analysis did not reveal a
significant association between molecular subtype and
shrinkage pattern (p = 0.646), which may, in part, be
attributed to the limited sample size.

To evaluate clinical agreement between imaging
modalities and pathological tumor size, a predefined
threshold of £10 mm was applied. MRI demonstrated
high overall agreement with pathological measurements,
with 91.7% of cases falling within the £10 mm threshold.
Only two patients (8.3%) exceeded this threshold, both of
whom had invasive lobular carcinoma (ILC), a subtype
known for its diffuse growth and less distinct imaging
characteristics. In contrast, US measurements deviated
by more than +10 mm in 7 patients (29.1%), indicating

TABLE 1. Demographic data for all 24 patients recruited in the study—including breast cancer subtype, type of
breast surgery, presence of NME on pre-NAST MRI, and shrinkage pattern on post-NAST MRI prior to surgery.

Characteristic

Subtype
Triple-negative (TNBC)
Luminal B HER2 negative
Luminal B HER2 positive
HERZ2 overexpression
Surgery Type
Wide excision (WE)
Mastectomy (MRM, NSM, TM)
Presence of NME on MRI
Yes
No

Shrinkage Pattern in MRI
Concentric

Scattered

N = 24 (%)

11 (45.8%)
6 (25%)

4 (16.7%)
3 (12.5%)

15 (62.3%)
9 (37.5%)

9 (37.5%)
15 (62.5%)

20 (83.3%)
4 (16.7%)

Abbreviations: TNBC - triple-negative breast cancer, WE - wide excision, MRM - modified radical mastectomy, NSM - nipple-sparing

mastectomy, TM - total mastectomy, NME - non-mass enhancement
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TABLE 2. Distribution of tumor shrinkage patterns by molecular subtype in breast cancer patients following NAST.
The table summarizes the frequency of concentric and scattered shrinkage patterns across molecular subtypes.
While concentric shrinkage was predominant overall, variation was observed among subtypes.

Subtype

Triple-negative
Luminal B HER2 negative
Luminal B HERZ2 positive

HER2 overexpression

a greater discrepancy compared to MRI and a higher
likelihood of both underestimation and overestimation
compared to pathology. Table 3 summarizes the mean,
median, and standard deviation of tumor sizes as measured
by MRI, US, and pathological examination.

These results suggest that MRI provides a more
accurate and reliable estimation of residual tumor size
following neoadjuvant treatment, whereas US may be more
prone to underestimation or overestimation, particularly
in tumors with diffuse growth patterns, such as invasive
lobular carcinoma.

According to the Bland-Altman plots presented in
Fig 4, MRI and US demonstrated differing levels of
agreement with pathological tumor size following
neoadjuvant treatment. For MRI (Fig 4.1), the mean
difference between pathological and MRI measurements
was +5.5 mm, indicating a slight tendency for MRI
to overestimate tumor size. The limits of agreement

Concentric Scattered
shrinkage shrinkage
8 3
B 1
4 0
3 0

ranged from -23.5 mm to +34.5 mm, reflecting moderate
variability. Most measurements clustered near the mean,
with only two data points falling outside the 95% confidence
limits—both corresponding to cases of invasive lobular
carcinoma (ILC), a subtype characterized by diffuse growth
and ill-defined imaging features. The 95% confidence
interval (CI) for the mean difference was -0.7 to 11.7 mm.

In contrast, the US Bland-Altman plot (Fig 4.2)
revealed greater variability. Although the mean difference
was slightly lower at +2.6 mm, the limits of agreement
were considerably wider (-32.8 mm to +38.0 mm),
indicating lower consistency and weaker agreement with
pathological measurements. The 95% CI for the mean
difference was -5.0 to 10.2 mm.

The difference in agreement between MRI and US
in estimating residual tumor size was not statistically
significant at the conventional a = 0.05 level; however, a
trend toward significance was observed, with a two-sided

TABLE 3. Comparison of tumor size measurements by imaging modality and pathology.
Mean, median, and standard deviation of lesion size as determined by MRI, US, and pathological examination. The
proportion of cases exceeding a +10 mm discrepancy from pathological tumor size is also reported as the percentages.

Modality Mean Tumor Size Standard Deviation Accuracy within
(mm) (SD) 10 mm

MRI 5.4 (0-20.5) 6.34 91.67%

Ultrasound 8.3 (0-25.4) 8.1 70.83%

Pathological Report 10.9 (0-25.0) 16.1
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Fig 4. Bland-Altman analysis of agreement between imaging modalities and pathological tumor size following NAST in all 24 patients. Fig
4.1: Bland- Altman plot comparing MRI measurements with pathological tumor size. Fig 4.2: Bland-Altman plot comparing US measurements

with pathological tumor size.

p-value of 0.081 for the comparison between MRI and
pathological measurements. In contrast, the US-pathology
comparison yielded a non-significant p-value of 0.489.
Notably, when the two cases of invasive lobular
carcinoma (ILC) were excluded from the analysis, MRI
demonstrated minimal bias (mean difference = 1.3 mm)
with narrow limits of agreement (-7.0 mm to +9.6
mm), indicating good concordance with pathological
measurements. The 95% confidence interval (CI) for
the mean difference was —0.53 to 3.21 mm.
Conversely, ultrasound (US) exhibited greater
bias (mean difference = —1.9 mm) and wider limits of
agreement (-21.7 mm to +17.9 mm), reflecting increased
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variability and reduced agreement with pathology, as
illustrated in Figure 5. The 95% confidence interval (CI)
for the mean difference was —-6.3 to 2.5 mm.

Subgroup analysis by tumor size category

To further evaluate diagnostic performance according
to tumor size, patients were stratified into two groups
based on pathological tumor size: < 10 mm. and > 10
mm.

Among the 14 patients with tumors < 10 mm. on
pathology, MRI correctly classified all cases, yielding
a concordance rate of 100.0%. In the > 10 mm. group
(n=10), MRI accurately identified seven patients (70.0%),
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Fig 5. Bland-Altman analysis of agreement between imaging modalities and pathological tumor size after exclusion of invasive lobular
carcinoma (ILC) cases. Fig 5.1: Bland-Altman plot comparing MRI with pathological tumor size. Fig 5.2: Bland-Altman plot comparing
US with pathology. The plots demonstrate that MRI exhibits closer agreement with pathology, with lower bias and narrower limits of

agreement compared to US.
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with three cases underestimated as < 10 mm. (30.0%).
In contrast, ultrasound showed lower concordance with
pathological findings. Among patients with tumors < 10
mm., nine of 14 cases (64.3%) were correctly classified,
while five cases were misclassified. In the > 10 mm.
group, five of ten cases (50.0%) were correctly identified.
These findings correspond to classification accuracies of
64.3% for tumors < 10 mm and 50.0% for tumors > 10
mm using ultrasound.

The comparative analysis of MRI and US in estimating
residual tumor burden following NAST demonstrated
superior consistency and accuracy of MRI in correlation
with final pathological measurements. In the full cohort
(N = 24), the correlation between MRI and pathology
approached statistical significance (r = 0.401, p = 0.052),
with a mean paired difference of 5.51 mm (p = 0.081) and
a moderate effect size (Cohen’s d = 0.372). In contrast,
US demonstrated negligible correlation with pathological
tumor size (r = 0.005, p = 0.983) and exhibited greater
variability in size estimation.

Of particular interest, when two cases of invasive
lobular carcinoma were excluded from the analysis
(N = 22), the correlation between MRI and pathology
improved substantially (r = 0.882, p < 0.001). However,
the corresponding mean difference and effect size were
reduced and did not reach statistical significance (mean
difference p = 0.152, Cohen’s d = 0.317). These findings
suggest that specific tumor subtypes—particularly ILC,
which is characterized by a diffuse growth pattern and a
tendency to present as non-mass enhancement (NME)
on MRI—may limit the accuracy and reliability of MRI-
based tumor size estimation.

The stronger correlation observed in the complete
dataset may better reflect the heterogeneity encountered
in routine clinical practice. Therefore, while MRI remains
a valuable modality for preoperative assessment, its
interpretation should be contextualized with respect to
tumor biology and imaging phenotype, particularly in
histologic subtypes such as ILC, where diffuse growth
patterns may lead to underestimation. Overall, MRI
consistently demonstrated superior agreement with
pathological tumor size compared to US, regardless of
tumor dimension, supporting its greater accuracy in
preoperative tumor evaluation following neoadjuvant
therapy.

DISCUSSION

This study demonstrates the superior accuracy of
breast magnetic resonance imaging (MRI) compared to
ultrasound (US) in assessing residual tumor size following
neoadjuvant systemic therapy (NAST) in patients with

breast cancer. Notably, MRI maintained measurement
accuracy within +10 mm of pathological size in 91.7%
of cases—a clinically meaningful threshold in surgical
planning, particularly for ensuring adequate oncologic
margins while enabling breast-conserving approaches.
In contrast, US overestimated tumor size by more than
10 mm in seven cases and underestimated it in one
case. These findings highlight the greater consistency
and precision of MRI in the preoperative evaluation of
residual disease.

Our data further indicate that MRI provided
narrower limits of agreement and more accurate tumor
size classification than US. This advantage was especially
evident in lesions smaller than 10 mm., where precise
measurements are critical for evaluating breast-conserving
surgery (BCS) feasibility and ensuring appropriate margin
clearance. Importantly, in cases of ILC, conventional
MRI techniques focusing solely on mass-forming lesions
tended to underestimate disease extent. Incorporating
non-mass enhancement (NME) into radiologic assessment
substantially improved correlation with pathological
findings. This aligns with prior reports suggesting that
the diffuse infiltration pattern and low cellularity of ILC
require a tailored imaging approach that considers both
mass and NME characteristics. Future imaging protocols
should thus integrate comprehensive assessment strategies,
particularly for lobular and low-grade tumors.

Accurate preoperative imaging is crucial not only
for optimizing surgical strategy but also for reducing
reoperation rates and minimizing the risk of local
recurrence or distant metastasis. Although multiple
imaging modalities are used to assess residual disease post-
NAST, no single technique has yet been established as the
gold standard. First-line options such as mammography
and US are limited by factors including breast density,
resolution, and operator dependency—challenges that
are further compounded post-NAST due to altered tumor
morphology. While lesions > 7 mm are more reliably
detected, overall accuracy remains moderate, typically
ranging from 60% to 80%."

Automated breast ultrasound (ABUS) provides
a standardized, operator-independent approach with
multiplanar imaging capabilities. Reported diagnostic
metrics for ABUS include a sensitivity of 22.2%, specificity
of 95.2%, positive predictive value (PPV) of 50.0%, and
negative predictive value (NPV) of 85.1%." Digital breast
tomosynthesis (DBT), which addresses the tissue overlap
limitations of 2D mammography, improves delineation of
tumor margins. For prediction of pathological complete
response (pCR), DBT has shown a sensitivity of 44.7%,
specificity of 97.6%, PPV of 85.7%, and NPV 0f 93.2%.""
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Contrast-enhanced mammography (CEM), which combines
dual-energy acquisition with iodinated contrast, serves
as a valuable adjunct when standard mammography is
inconclusive, with reported sensitivity, specificity, and
accuracy of 81%, 83%, and 82%, respectively.

MRI has increasingly been adopted for preoperative
assessment due to its high sensitivity and superior soft-
tissue contrast. One study reported MRI sensitivity,
specificity, and accuracy for residual disease detection at
100%, 86%, and 90%, respectively. In direct comparison,
Bernardi et al. found MRI significantly more sensitive than
CEM in detecting pCR."” A systematic review reported
a median MRI sensitivity of 42%, specificity of 89%,
PPV of 64%, and NPV of 87%."° In a meta-analysis of
25 studies, Yuan et al. reported pooled MRI sensitivity
and specificity for predicting pCR of 63% (95% CI:
56-70%) and 91% (95% CI: 89-92%), respectively.”
However, despite its strengths, MRI remains susceptible
to false positives, which may lead to overtreatment or
unnecessary mastectomy.

International guidelines support the use of MRI
in this context. The European Society of Breast Cancer
Specialists (EUSOMA) recommends pre-NAST MRI for
patients considered for BCS, to better evaluate tumor
extent and breast anatomy. Likewise, the American
College of Radiology (ACR) recognizes MRI as the most
specific modality for assessing residual disease and post-
treatment breast changes. This is particularly relevant
in Asian populations, where dense breast tissue poses a
challenge for mammographic interpretation.'* MRI has
been shown to outperform both mammography and US
inlesion detection,"”* and uniquely identifies multifocal
or multicentric disease, non-mass lesions, contralateral
synchronous tumors, and tumor shrinkage patterns—all
of which are critical in guiding surgical decisions.

Although MRI demonstrates greater accuracy in
estimating tumor extent compared to US, US remains
clinically valuable in routine practice. Its advantages
include broader accessibility, lower cost, and the
capability for real-time, dynamic assessment at the point
of care. These features make US particularly useful in
resource-limited settings or among patients who are not
suitable candidates for MRI. In addition, US provides
complementary information—such as lesion vascularity
and tissue elasticity—that can aid in the characterization
of indeterminate findings.

Froma surgical standpoint, inaccurate estimation
of tumor extent on imaging can have direct implications
for operative planning. Overestimation may result in
unnecessarily wide excision or mastectomy, whereas
underestimation increases the risk of positive margins

...................................... Original Article SM]

and subsequent reoperation. In a study by Thiravit et al.”,
MRI maintained high diagnostic accuracy across different
levels of background parenchymal enhancement (BPE),
with accuracy rates of 84.4% in minimal-to-mild BPE and
73.3% in moderate-to-marked BPE, with no statistically
significant difference observed (p = 0.35). These findings
suggest that preoperative MRI can accurately evaluate
tumor extent in breast cancer, and that moderate-to-
marked background enhancement does not significantly
impact its performance.

Several limitations of this study must be acknowledged.
Its retrospective nature limits causal inference and
introduces potential selection bias. The sample size
was modest, restricting the power of subgroup analyses,
particularly among luminal and lobular subtypes. Moreover,
interobserver variability in the interpretation of NME was
not formally evaluated, although a second blinded review
by an experienced radiologist confirmed consistency
with initial reports.

Future prospective studies with larger, subtype-
stratified cohorts are needed to validate these findings.
Standardized radiologic response criteria that incorporate
both mass and NME characteristics may enhance consistency
across institutions. Furthermore, integrating advanced
functional MRI techniques—such as diffusion-weighted
imaging (DWI) and dynamic contrast-enhanced (DCE)
sequences—could refine evaluation of post-NAST residual
disease, particularly in non-pCR cases.

In summary, our findings affirm the diagnostic
value of MRI in evaluating post-NAST residual disease
and emphasize the need to integrate tumor biology
into radiologic interpretation. With further validation,
preoperative breast MRI should be established as a key
component of surgical planning for selected breast cancer
patients, particularly when conventional imaging modalities
are likely to underperform.

CONCLUSION

This study demonstrates that breast MRI provides
superior accuracy compared to US in evaluating residual
tumor burden following neoadjuvant systemic therapy,
particularly in HER2-positive, triple-negative, and
subcentimeter tumors. MRI enhances surgical planning
by improving preoperative tumor size estimation and
reducing the likelihood of positive surgical margins.
In the context of breast-conserving surgery, accurate
imaging is critical in determining surgical eligibility and
supports treatment decisions that are both oncologically
sound and aligned with patient preferences.

The findings also highlight important considerations
in specific tumor subtypes. Invasive lobular carcinoma
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and certain luminal tumors often present with non-
mass enhancement that may not be captured through
conventional measurement criteria. Integrating these
imaging patterns into preoperative assessment may
prevent underestimation of disease extent and reduce
the likelihood of inadequate resections.

Given these clinical implications, use of preoperative
MRI should be considered in patients undergoing
neoadjuvant therapy, especially when imaging findings will
critically inform surgical decision-making. Incorporating
tumor biology and response patterns into radiologic
interpretation is not only diagnostically advantageous
but also essential in tailoring surgery to the individual
patient.

However, several limitations must be acknowledged,
including the retrospective study design and relatively
small sample size. Therefore, while the findings support
the clinical utility of MRI in this context, prospective
studies are warranted to validate these results before
routine implementation in all clinical settings.
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ABSTRACT

Objective: To evaluate the impact of a comprehensive multidisciplinary protocol on 30-day survival in ruptured
abdominal aortic aneurysm (rAAA) patients and to identify factors influencing outcomes.

Materials and Methods: We conducted a retrospective study comparing outcomes before and after implementation
of a multidisciplinary protocol for rAAA management at Siriraj Hospital. The study included 182 patients (pre-
protocol: n=99, January 2010-December 2017; post-protocol: n=83, January 2018-March 2023). Primary outcome
was 30-day overall survival, with secondary outcomes including factors influencing survival, need for aortic balloon
occlusion, operative parameters, length of stay, and complications.

Results: The 30-day mortality rate significantly decreased from 16.2% pre-protocol to 6.0% post-protocol (p=0.037).
Kaplan-Meier analysis showed improved 30-day survival in the post-protocol group (94.0% vs 83.8%, p=0.034).
However, while protocol implementation was associated with a non-significant reduction in mortality hazard
(adjusted HR 0.509, 95% CI 0.175-1.478, p=0.213), multivariable analysis identified cardiac arrest (aHR 8.180,
p<0.001) and unfit patient status (aHR 6.420, p=0.003) as independent predictors of mortality. The post-protocol
group had significantly reduced myocardial ischemia (7.2% vs 21.2%, p=0.015) and septicemia (1.2% vs 20.2%,
p<0.001), with no significant differences in operative parameters or length of stay.

Conclusion: Implementation of a multidisciplinary protocol for rAAA management was associated with improved
30-day survival and reduced postoperative complications, supporting the use of structured protocols in rAAA
management.

Keywords: Ruptured AAA; protocol; multidisciplinary team; outcomes; perioperative mortality (Siriraj Med ] 2025;

77: 650-659)

INTRODUCTION

Ruptured abdominal aortic aneurysm (rAAA)
represents one of the most critical emergencies in vascular
surgery, requiring immediate medical attention and
surgical intervention.' It remains a life-threatening
condition associated with high mortality rates, with recent
studies reporting mortality rates ranging from 30% to
50%.”’ Despite advancements in surgical techniques and
perioperative care, the management of rAAA continues
to pose significant challenges to healthcare providers. The
time-sensitive nature of the condition, coupled with the
complex interplay of factors affecting patient outcomes,
necessitates a coordinated and efficient approach to care.”’

In recent years, there has been growing interest
in the implementation of standardized protocols and
multidisciplinary approaches to improve outcomes in
rAAA patients.” These protocols aim to streamline the
diagnostic and treatment processes, optimize resource
utilization, and enhance communication among various
healthcare team members involved in patient care.

Our institution, Siriraj Hospital in Bangkok, Thailand,
implemented a comprehensive multidisciplinary protocol
for rAAA management in January 2018. This study
aims to evaluate the impact of this protocol on 30-day
overall survival in rAAA patients and identify factors
influencing outcomes. By comparing pre- and post-
protocol periods, we seek to provide valuable insights into

the effectiveness of structured approaches in managing
this critical condition.” However, our outcomes could
have been influenced by several confounding factors that
evolved over time, including advancements in device
technologies, improved ICU care, and increased surgeon
experience.

The findings of this study have the potential to inform
clinical practice and contribute to the ongoing efforts to
reduce mortality and morbidity associated with rAAA.*
Moreover, by identifying predictors of mortality, we aim
to enhance risk stratification and guide decision-making
in the acute management of rAAA patients.’

MATERIALS AND METHODS
Study design and population

We conducted a retrospective study at Siriraj
Hospital, a tertiary referral center in Bangkok, Thailand,
comparing outcomes before and after implementation
of a multidisciplinary protocol for rAAA management.
The study included all patients treated for rAAA between
January 2010 and March 2023, divided into pre-protocol
(January 2010-December 2017) and post-protocol (January
2018-March 2023) groups.

Inclusion and exclusion criteria
The study included patients with radiologically or
intraoperatively confirmed rAAA who were aged > 18

https://he02.tci-thaijo.org/index.php/sirirajmedj/index
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years, who underwent either endovascular aortic aneurysm
repair (EVAR) or open surgical repair (OSR). We excluded
patients who died before surgical intervention, those with
thoracoabdominal aortic aneurysms, and individuals with
previous aortic surgery. The Siriraj Institutional Review
Board (SIRB) granted ethical approval for this research
investigation under certificate of approval number Si
279/2022.

Multidisciplinary protocol

In January 2018, we implemented a comprehensive
multidisciplinary protocol with several key components
(Fig 1). The protocol mandated immediate activation of a
multidisciplinary team upon suspicion of rAAA, followed
by rapid assessment and triage based on hemodynamic
stability. For stable patients, we conducted expedited
computed tomography angiography (CTA). The protocol
established a standardized decision-making process for
EVAR versus OSR and included preparation for potential
aortic balloon occlusion in unstable patients. We activated
a massive transfusion protocol when necessary and
streamlined transfer processes for patients from referring
hospitals. The protocol also ensured dedicated operating

- Suspicion of Ruptured AAA -

(AtER or referral hospital)

- call vascular surgery tea
surgeon, fellow, resident
t, Anesthesiologist, Nu

: 3
Hemodynamically stable patients®* |
i /

~
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Emergent CTA . 3

Sizing of the AAA )
Aorto - Uni - lliac and/or
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\
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eration room:

luring anesthesiology management,
percutaneous access for Aortic Balloon
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Laparatomy for open repair AAA

EVAR for aortic morphology suitable

Operation room
Aartic Balloon Occlusion

- s
E‘)‘ anato
gy / Aorto - Uni - lliac stent - graft
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** Hemodynamically unstable: SBP < 80 mmHg or Unconsciousness

Fig 1. Multidisciplinary approach in managing ruptured abdominal
aortic aneurysms.

room availability for rAAA cases, preparedness for aortic
balloon occlusion, standardized postoperative care, and
regular team training and simulation exercises.

Data collection

We collected data on patient demographics,
comorbidities, preoperative condition, intraoperative
details, and postoperative outcomes. Preoperative variables
included age, gender, comorbidities (hypertension, diabetes,
coronary artery disease, chronic obstructive pulmonary
disease, and renal insufficiency), fit status, hemodynamic
condition, and laboratory values. Impaired kidney function
was characterized by serum creatinine exceeding 2 mg/dl.
Patient classification as fit or unfit for intervention
followed criteria established in the United Kingdom’s
EVAR 1 and 2 clinical trials, which evaluated patients
based on cardiovascular, pulmonary, and kidney function
parameters.'’ Intraoperative data encompassed the type
of repair (EVAR or OSR), operative time, estimated blood
loss, and use of aortic balloon occlusion. Postoperative
variables included length of intensive care unit (ICU)
and hospital stay, complications, and 30-day mortality.

Outcomes measurement

The primary outcome was 30-day overall survival.
Secondary outcomes included factors influencing survival,
need for aortic balloon occlusion, operative time, blood
loss, length of hospital and ICU stay, and postoperative
complications (including myocardial infarction, respiratory
failure, renal failure requiring dialysis, bowel ischemia,
and sepsis).

Statistical analysis

For statistical analysis, we employed various methods
to compare the two groups and assess factors associated
with 30-day survival. For categorical data, we used Pearson
chi-square test, Yates’ continuity correction, or Fisher’s
exact test as appropriate. Continuous data were analyzed
using independent t-tests for normally distributed data
and Mann-Whitney U tests for non-normally distributed
data. We utilized the Kaplan-Meier method to generate
survival curves and calculate survival rates, with differences
between groups assessed using the log-rank test. To
identify factors associated with 30-day survival, univariable
logistic regression analyses were performed to identified
potential predictors. Variables with p-values < 0.1 in the
univariable analysis were subsequently entered into a
multivariable logistic regression model using the backward
stepwise selection method based on the likelihood ratio
test (SPSS, PIN = 0.05, POUT =0.10). Associations were
quantified using both unadjusted and adjusted hazard
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ratios (HR) with corresponding 95% confidence intervals
(95% CI). All statistical tests were two-sided, and a p-value
< 0.05 was considered statistically significant. Analyses
were performed using SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA).

RESULTS

The study comprised 182 patients with ruptured
abdominal aortic aneurysm (rAAA), who were divided into
two cohorts based on treatment protocol implementation:
a pre-protocol group (n=99; endovascular aortic repair
[EVAR] n=72, open surgical repair [OSR] n=27) and a
post-protocol group (n=83; EVAR n=44, OSR n=39).
(Fig 2).

Demographic and clinical characteristics

The mean age of the study population was 72.3 + 10.7
years, and 84.1% were male. Hypertension was the most
common comorbidity (74.7%), followed by dyslipidemia
(30.2%) and renal insufficiency (22.0%). The post-protocol
group had a significantly higher proportion of patients
with dyslipidemia (38.6% vs 23.2%, p=0.038) and a lower
proportion of unfit patients (33.7% vs 55.6%, p=0.005)
compared to the pre-protocol group. No significant
differences were observed in other baseline characteristics
between the two groups (Table 1).

Original Article SM]

Primary outcome

The implementation of the multidisciplinary protocol
was associated with a significant reduction in 30-day
mortality, decreasing from 16.2% in the pre-protocol
group to 6.0% in the post-protocol group (p=0.037)
(Fig 2). Kaplan-Meier analysis demonstrated improved
30-day overall survival in the post-protocol group (94.0%
vs 83.8%, log-rank test p=0.034) (Fig 3).

Secondary outcomes

Multivariable Cox regression analysis revealed that
protocol implementation was associated with a 49.1%
reduction in the hazard of 30-day mortality (adjusted HR
0.509, 95% CI 0.175-1.478, p=0.213), although this did not
reach statistical significance. Cardiac arrest (aHR 8.180,
95% CI 3.382-19.785, p<0.001) and unfit patient status
(aHR 6.420, 95% CI 1.876-21.965, p=0.003) emerged as
independent predictors of 30-day mortality (Table 2).

No significant differences were observed between
the pre- and post-protocol groups in terms of estimated
blood loss, blood replacement, use of aortic balloon
occlusion, length of procedure, ICU stay, or hospital
stay (Table 3).

The post-protocol group demonstrated significant
reductions in postoperative complications, notably
myocardial ischemia (7.2% vs 21.2%, p=0.015) and

Total patients with rAAA treated with open repair or EVAR
(N=2186)

- Loss data (n=7)

T

Patients were excluded for the following reasons (n=34)
- Death before surgery (n=1)
- Previous open repair/EVAR (n=11)
- Aortoenteric/aortocaval fistula (n=10)
- Advanced EVAR (n=5)

(N=182)

Total patients were included in the study

(n=99; 54.4%)

Survived on 30 days post-operation

I

Pre-protocol

No
(n=16; 16.2%)

Yes
(n=83;
83.8%)

|

1

Post-protocol
(n=83; 45.6%)

[

Survived on 30 days post-operation

No
(n=5; 6%)

Yes
(n=78; 94%)

Fig 2. Patient flow and survival rates for AAA treatment with open repair or EVAR.
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TABLE 1. Demographic and clinical characteristics of patients before and after implementation of the multidisciplinary

protocol.

Characteristic

Demographics
Age (years); mean + SD
Age > 80 years; n (%)
Male sex; n (%)
Comorbidities
Hypertension; n (%)
Dyslipidemia; n (%)
Type 2 Diabetes mellitus; n (%)
Coronary artery disease; n (%)
Cerebrovascular disease; n (%)
Renal insufficiency; n (%)
COPD; n (%)
Current smoking; n (%)
Clinical Presentation
Unfit patient status; n (%)
Hemodynamic instability; n (%)
Cardiac arrest; n (%)
Transferred from other hospitals; n (%)
Laboratory Parameters
Hemoglobin (g/dl); mean + SD
Hematocrit (%); mean + SD

Creatinine (mg/dl); median (min, max)

Statistically significant P-values are in bold

Total
(n=182)

72.3+10.7
38 (20.9%)
153 (84.1%)

136 (74.7%)
55 (30.2%)
35 (19.2%)
30 (16.5%)
16 (8.8%)
40 (22.0%)
16 (8.8%)
26 (14.3%)
83 (45.6%)
76 (41.8%)
16 (8.8%)
146 (80.2%)

9.6 (2.2%)
29.4 (6.4%)
1.5 (0.1, 9.6)

Pre-Protocol
(n=99)

715+ 11.3
16 (16.2%)
85 (85.9%)

73 (73.7%)
23 (23.2%)
16 (16.2%)
16 (16.2%)
7 (7.1%)

22 (22.2%)
11 (11.1%)
16 (16.2%)

55 (55.6%)
44 (44.4%)
11 (11.1%)
79 (79.8%)

9.8 (2.1%)
29.7 (6.4%)
1.6 (0.1, 9.0)

Abbreviations: COPD, chronic obstructive pulmonary disease; SD, standard deviation

Survival Functions

1.0 —]
0.8
g os
4
a
E At 30 Days
3 o4

Post protocol = 94.0%
Pre protocol = 83.8%

Post-Protocol

(n=83)

73.3+10.0
22 (26.5%)
68 (81.9%)

63 (75.9%
32 (38.6%
19 (22.9%
14 (16.9%
9 (10.8%)
18 (21.7%)
5 (6.0%)

10 (12.0%)

)
)
)
)

28 (33.7%)
32 (38.6%)
5 (6.0%)

67 (80.7%)

9.5 (2.2%)
29.0 (6.6%)
1.5 (0.5, 9.6)

P-value

0.280
0.127
0.604

0.870
0.038
0.338
1.000
0.527
1.000
0.345
0.564

0.005
0.515
0.345
1.000

0.363
0.456
0.426

02| Log-rank test (p = 0.034)

Fig 3. Kaplan-Meier curves

= i - - - — - = illustrating 30-day overall
30-day overall survival time (days) survivalin patients WithrAAA.
No. at risk
Post-protocol 83 79 79 79 79 79 78
Pre-protocol 99 89 88 86 86 85 83
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TABLE 2. Univariable and multivariable Cox proportional hazards analyses of factors associated with 30-day

overall survival.

Factor Univariable Model

Unadjusted HR (95% Cl)

Protocol Implementation
Post-protocol 1.000 (Reference)

Pre-protocol 2.778 (1.018, 7.585)

Clinical Factors
Dyslipidemia 0.712 (0.261, 1.944)
Unfit patient status 7.701 (2.267, 26.159)
Hemodynamic instability 4.829 (1.768, 13.192)

Cardiac arrest 10.125 (4.222, 24.282)

Abbreviations: HR, hazard ratio; CI, confidence interval

Multivariable Model

P-value Adjusted HR (95% CI) P-value
0.046 0.461
1.000 (Reference)
1.491 (0.515, 4.314)
0.508 0.580 (0.211, 1.594) 0.291
0.001 6.420 (1.876, 21.965) 0.003
0.002 2.503 (0.794, 7.891) 0.117
<0.001 8.180 (3.382, 19.785) <0.001

Values <1.0 indicate factors associated with improved survival; values >1.0 indicate factors associated with increased mortality risk

Statistically significant P-values are in bold

TABLE 3. Intraoperative and postoperative characteristics before and after implementation of the multidisciplinary

protocol.

Total
Variable

(n=182)

Intraoperative Parameters

Estimated blood loss (ml); median (min, max)

Estimated blood loss > 2000 ml; n (%) 59 (32.4%)
Blood replacement (Units); median (min, max) 4 (0, 40)
Aortic balloon occlusion; n (%) 70 (38.5%)

Procedure duration (minutes); median (min, max)

Postoperative Course
ICU length of stay (days); median (min, max)

Hospital length of stay (days); median (min, max)

Abbreviation: ICU, intensive care unit

septicemia (1.2% vs 20.2%, p<0.001), compared to the
pre-protocol group. No significant differences were
observed in other complications (Tables 4 and 5).

Subgroup analysis
When stratified by repair technique, both EVAR

700 (20, 22500)

180 (35, 530)

4.5 (0, 90)
15 (1, 221)

Pre-Protocol Post-Protocol

P-value
(n=99) (n=83)
500 (20, 21000) 1000 (20, 22500) 0.300
30 (30.3%) 29 (34.9%) 0.612
4 (0, 19) 4 (0, 40) 0.521
39 (39.4%) 31 (37.3%) 0.897
180 (55, 530) 180 (35, 435) 0.425
4 (0, 90) 5 (0, 64) 0.412
16 (1, 189) 15 (1, 221) 0.865

and OSR demonstrated trends toward reduced 30-day
mortality during the post-protocol period. EVAR mortality
decreased from 18.1% to 6.8%, whereas OSR mortality
fell from 11.1% to 5.1%. Regarding complications, no
significant difference was observed between EVAR and
OSR during either the pre- or post-protocol period.
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TABLE 4. Postoperative complications before and after implementation of the multidisciplinary protocol.

Complication Total (n=182)  Pre-Protocol (n=99) Post-Protocol (n=83) P-value

Organ-Related Complications

Abbreviations: EVAR, endovascular aneurysm repair; OSR, open surgical repair

Myocardial ischemia; n (%) 27 (14.8%) 21 (21.2%) 6 (7.2%) 0.015
Congestive heart failure; n (%) 14 (7.7%) 6 (6.1%) 8 (9.6%) 0.533
Respiratory failure; n (%) 22 (12.1%) 9(9.1%) 13 (15.7%) 0.260
Renal failure requiring hemodialysis; n (%) 31 (17.0%) 19 (19.2%) 12 (14.5%) 0.517
Ischemic colitis; n (%) 17 (9.3%) 9 (9.1%) 8 (9.6%) 1.000
Abdominal compartment syndrome; n (%) 41 (22.5%) 21 (21.2%) 20 (24.1%) 0.775
Wound dehiscence; n (%) 4 (2.2%) 2 (2.0%) 2 (2.4%) 1.000
Infectious Complications
Chest infection; n (%) 42 (23.1%) 28 (28.3%) 14 (16.9%) 0.100
Wound infection; n (%) 8 (4.4%) 7 (7.1%) 1(1.2%) 0.119
Intraabdominal infection; n (%) 6 (3.3%) 4 (4.0%) 2 (2.4%) 0.690
Graft infection; n (%) 2 (1.1%) 2 (2.0%) 0 (0%) 0.501
Septicemia; n (%) 21 (11.5%) 20 (20.2%) 1(1.2%) <0.001
Urinary tract infection; n (%) 6 (3.3%) 2 (2.0%) 4 (4.8%) 0.414
Other
Perioperative reintervention; n (%) 45 (24.7%) 20 (20.2%) 25 (30.1%) 0.170
Statistically significant P-values are in bold
TABLE 5. Comparison of complications between EVAR and OSR in pre- and post-protocol periods.
Complication Pre-Protocol Post-Protocol
Total EVAR OSR P-value  Total EVAR OSR P-value
Cardiac/Pulmonary
Myocardial ischemia; n (%) 21(21.2%) 17 (23.6%) 4(14.8%) 0.498 6 (7.2%) 5(11.4%) 1(2.6%) 0.207
Congestive heart failure; n (%) 6 (6.1%) 4 (5.6%) 2 (7.4%) 0.663 8(9.6%) 5(11.4%) 3(7.7%) 0.717
Respiratory failure; n (%) 9(9.1%) 5(6.9%) 4(14.8%) 0.251 13(15.7%) 7(15.9%) 6(15.4%) 1.000
Renal/Gastrointestinal
Renal failure requiring 19 (19.2%) 11(15.3%) 8(29.6%) 0.184 12 (14.5%) 5(11.4%) 7(17.9%) 0.590
hemodialysis; n (%)
Ischemic colitis; n (%) 9(9.1%) 7(9.7%) 2 (7.4%) 1.000 8 (9.6%) 6(13.6%) 2(5.1%) 0.272
Abdominal compartment 21(21.2%) 14(19.4%) 7(25.9%) 0.670 20 (24.1%) 11(25.0%) 9(23.1%) 1.000
syndrome; n (%)
Infectious
Chest infection; n (%) 28 (28.3%) 20(27.8%) 8(29.6%) 1.000 14 (16.9%) 7(15.9%) 7(17.9%) 1.000
Wound infection; n (%) 7(7.1%) 5(6.9%) 2 (7.4%) 1.000 1(1.2%) 1(2.3%) 0 1.000
Intraabdominal infection; n (%) 4 (4.0%) 3 (4.2%) 1(3.7%) 1.000 2 (2.4%) 2 (4.5%) 0 0.496
Graft infection; n (%) 2(2.0%) 2(2.8%) 1.000 0 0 0 -
Septicemia; n (%) 20(20.2%) 15(20.8%) 5(18.5%) 1.000 1(1.2%) 1(2.3%) 0 1.000
Urinary tract infection; n (%) 2 (2.0%) 2 (2.8%) 0 1.000 4 (4.8%) 3 (6.8%) 1(2.6%) 0.619
Other
Wound dehiscence; n (%) 2 (2.0%) 1(1.4%) 1(3.7%) 0.473 2 (2.4%) 2 (4.5%) 0 0.496
Perioperative reintervention; n (%) 20 (20.2%) 15(20.8%) 5(18.5%) 1.000 25(30.1%) 16 (36.4%) 9(23.1%) 0.28
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DISCUSSION

This 13-year retrospective cohort study demonstrates
that implementation of a comprehensive multidisciplinary
protocol for managing rAAA is associated with significantly
improved 30-day survival rates and reduced postoperative
complications. Our findings underscore the potential of
structured, team-based approaches to enhance outcomes in
time-critical vascular emergencies. However, in multivariable
analysis, protocol implementation was associated with
only a non-significant reduction in mortality.

The potential for such significant mortality reduction
challenges the traditionally high mortality rates associated
with rAAA, which have been reported to range from 50%
to 80% in various studies.'"'* The observed reduction
in 30-day mortality from 16.2% to 6.0% after protocol
implementation is remarkable and exceeds improvements
reported in previous studies. For instance, Takei et al.
observed a decrease in mortality from 22.5% to 9.6% after
introducing an endovascular-first protocol.” In contrast,
the IMPROVE trial reported a 30-day mortality rate of
35.4% for endovascular strategy and 37.4% for open
repair.”* Our more substantial improvement may be
attributed to the comprehensive nature of our protocol,
which encompassed not only treatment selection but
also streamlined processes, enhanced communication,
and standardized postoperative care.

The protocol’s significant reductions in major
postoperative complications, particularly myocardial
ischemia and septicemia, indicate benefits beyond
immediate survival. This comprehensive improvement
in outcomes can be attributed to several factors: rapid
mobilization of a multidisciplinary team, standardized
decision-making processes, preparedness for both EVAR
and OSR, proactive measures like massive transfusion
protocols and aortic balloon occlusion preparation, and
streamlined postoperative care. These elements, which align
with recent guidelines and expert consensus statements
onrAAA management,">'® collectively contribute to swift,
coordinated care, optimized treatment selection, reduced
delays, improved hemodynamic stability, reduced end-
organ damage, and earlier recognition and management
of complications.

The reduction in myocardial ischemia is consistent
with studies showing that protocolized care can improve
cardiac outcomes in high-risk surgical patients.”” However,
our improvement exceeds that reported in many studies,
warranting further investigation into the specific elements
of our protocol that may have contributed to this outcome.

The trend towards increased use of endovascular
aortic repair (EVAR) in our study mirrors global patterns
in rAAA management.” EVAR is frequently employed as

...................................... Original Article SM]

the initial treatment strategy for rAA A in many institutions,
given its reported benefits in patient outcomes. However,
unlike some studies that attribute improved outcomes
solely to the adoption of EVAR,’ our results suggest
that a comprehensive protocol can enhance outcomes
across both EVAR and open surgical repair (OSR).
Furthermore, the post-protocol group exhibited a notable
increase in the proportion of open surgical repair (OSR)
for rAAA patients (pre-protocol: 27% vs post-protocol:
47%). This shift is likely attributable to the protocolized
use of advanced preoperative imaging, which facilitates
enhanced patient selection for the most appropriate
operative approach. So, patient with anatomy suitable
for EVAR underwent EVAR, whereas those without
suitable for EVAR underwent open surgical repair

Our multivariable analysis identified cardiac arrest
(aHR 8.180, 95% CI 3.382-19.785) and unfit patient status
(aHR 6.420,95% CI 1.876-21.965) as independent predictors
of 30-day mortality. These findings are consistent with
previous studies'*"” and highlight the critical importance of
rapid assessment and intervention in rAAA cases, as well
as the need for careful patient selection and optimization
when possible. The strong association between cardiac
arrest and mortality underscores the time-sensitive nature
of rAAA management and supports the emphasis our
protocol places on rapid activation of the multidisciplinary
team and streamlined transfer processes. The impact
of patient fitness on outcomes highlights the potential
benefit of prehabilitation programs for high-risk patients
with known AAAs, although the emergency nature of
rAAA often precludes such interventions.

While our study provides compelling evidence for
the benefits of a multidisciplinary protocol in rAAA
management, we acknowledge several limitations. First,
as a single-center study, our results may not be fully
generalizable to all healthcare settings. Second, the
observational nature of the study precludes definitive
causal inferences about the protocol’s impact. Third,
evolving technology, increased operation expertise and
general improvements in critical care over the study
period may have contributed to the observed outcomes.

Future research should focus on validating these
findings in multicenter, randomized controlled trials.
Additionally, investigating the long-term outcomes and
cost-effectiveness of protocol-driven rAAA management
would provide valuable insights for healthcare policy
and resource allocation. Exploring the potential of
artificial intelligence and machine learning in refining
risk stratification and decision-making processes for
rAAA could also be a fruitful avenue for future studies.”’
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CONCLUSION

In conclusion, our study supports thata comprehensive
multidisciplinary protocol for rAAA management can
reduce postoperative complications and improve short-
term survival, despite multivariable analysis showing a
non-significant reduction in mortality. These findings have
important implications for vascular surgery practice and
highlight the potential of systems-based approaches to
enhance outcomes in acute care settings. As the landscape
of rAAA management continues to evolve, embracing
standardized, team-based protocols may be key to further
reducing mortality and morbidity in this challenging
patient population.
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ABSTRACT

Objective: Although the use of a microwave for fluid warming has been proposed, standardized protocols for its
clinical application remain limited. The purpose of this study is to evaluate the effectiveness of microwave-based
fluid warming compared to conventional fluid warming equipment.

Materials and Methods: This in-vitro experimental study was conducted in two phases. In the pilot trial, we
compared five groups using different combinations of container types, infusion rates, and warming techniques. In
the second phase, a non-inferiority trial, two groups of 18 1-liter isotonic crystalloid bottles were compared: one
using the Level-1 H-1200 fluid warmer and the other employing a microwave oven warming protocol (800W, two
minutes at maximum power). The primary outcome was the percentage of infusion time during which the fluid
temperature at the tip of the infusion set remained within the target range of 37°C to 42°C.

Results: The warming cabinet and microwave oven achieved mean infusion durations of 5.0 and 19.5 minutes,
respectively. The Level-1 group maintained the target temperature for 100% of the infusion duration, while the
microwave group achieved a rate of 95.84% [95.82%-95.86%], demonstrating non-inferiority to the Level-1 method.
Conclusion: Microwave fluid warming is a feasible, practical, and cost-effective alternative to conventional fluid
warming equipment. Its comparable warming efficiency and wide availability support its potential use in rural

areas with limited resources.

Keywords: Microwave; fluid warming; trauma; initial management (Siriraj Med J 2025; 77: 660-667)

Abbreviation
ATLS - Advanced Trauma Life Support

INTRODUCTION

Advanced Trauma Life Support (ATLS) and other
trauma care standards emphasize the importance of
administering warm intravenous (IV) fluids to avoid the
lethal triad of acidosis, coagulopathy, and hypothermia.
High-flow fluid warmers are effective in maintaining the
recommended fluid temperature of 39°C, particularly
in geriatric patients."” However, their high cost and
logistical challenges may limit their practicality, especially
in resource-constrained settings. Asa result, microwave
ovens are being investigated as a potential alternative for
fluid warming. They offer a practical, low-cost option
that may simplify trauma care.

The concept of using microwave ovens to warm
crystalloid fluids emerged in 1984°, with subsequent in
vitro studies examining various parameters including
microwave models, power settings, heating durations,
and flow rates.”” Research has confirmed the safety of
microwaving crystalloid fluids packaged in polypropylene,
as its melting point exceeds 130°C and is FDA-approved
for microwave food contact.”' However, microwave ovens
are not FDA-approved for warming IV fluids, as they
are not designed to ensure uniform heating or prevent
overheating, which can lead to patient harm. The FDA
advises against microwave use for fluid warming due to
risks such as hot spots, bag rupture, and unpredictable
temperature control. However, in resource-limited or

emergency settings where approved fluid warmers are
unavailable, a general-use microwave may be used with
extreme caution, following strict protocol. For this reason,
the ATLS guidelines suggest that a microwave may be
considered as an alternative method for fluid warming
when standard fluid warmers are unavailable, provided
appropriate safety precautions are followed. However,
this method is exclusively recommended for crystalloid
fluids. Blood products are not suitable for microwave
warming, as hemolysis can occur at temperatures above
42-43°C."" Additionally, some studies have reported
complications, such as burns and venous thrombosis,
associated with overheated fluids."*"”

This study aims to address the lack of established
protocols and limited evidence by rigorously comparing
microwave-based fluid warming with conventional high-
flow fluid warmer methods. Using a two-phase approach
— beginning with a pilot trial to explore various warming
techniques, followed by a non-inferiority trial — the
research evaluates effectiveness, infusion time, and cost
considerations. The primary outcome is the maintenance
of target fluid temperatures throughout administration.

MATERIALS AND METHODS

This study employed an in-vitro experimental design
to comprehensively assess the efficacy of microwave oven
fluid warming compared to the high-flow fluid warmer
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systems in the context of trauma care. The study was
conducted at a Level 1 trauma center equipped with
multiple types of fluid warming machines and equipment.

Sample size calculation:

The sample size for the non-inferiority trial was
determined based on the following parameters: Pilot
Study Sample Size (from a prior microwave protocol
infusion study; six participants per arm, Significance
Level (alpha, one-sided): 0.025 (corresponding to a
2.5% significance level), Standard Proportion (from
pilot data): 0.99, Equivalence Limit Difference (Margin
of Non-Inferiority): -0.2, Expected Proportion: 0.95, and
the Expected Difference (difference to detect): -0.04. We
set the power at 80% (corresponding to a beta of 0.20).
Using these values, along with the provided proportions:
the sample size was 18 for each group.

A 20% non-inferiority margin was established to
determine acceptable differences in the proportion of
time fluid temperature remained within the target range
(37°C-42°C). This margin was considered clinically
acceptable given the potential advantages of the alternative
warming device, including cost-effectiveness, portability,
and reduced setup time. The selected margin aligns with
previous studies of perioperative warming technologies,
which have employed non-inferiority thresholds of
10-20% for devices with comparable safety profiles.'*"
Additionally, NICE guideline NG65 endorses practical,
cost-efficient warming methods when thermal performance
is equivalent across devices.'° The 20% margin was therefore
deemed clinically and operationally appropriate for this
device comparison.

Study design and setting
Initial phase:

The initial phase of the study consisted of a pilot trial
designed to explore a variety of fluid warming techniques
and identify optimal conditions for subsequent evaluation.
Seven distinct groups were formed, each characterized by
differences in container types, infusion techniques, and
temperature maintenance strategies. These included four
microwave oven methods, two warm cabinet methods,
and one high-flow fluid warmer method. The study
investigated 1-liter of Ringer lactate solution containers
made of standard polypropylene, including both rigid
and soft intravenous bags. Infusion techniques ranged
from free-flow infusion to syringe-push delivery using an
18-gauge Cathlon catheter, simulating different clinical
scenarios with varying urgency of fluid administration.
Temperature maintenance strategies included microwave-
based warming and the warm cabinet approach.

Non-inferiority trial:

Informed by the pilot trial findings, a non-inferiority
trial was subsequently designed to compare the performance
of microwave fluid warming to the established high-flow
fluid warming protocol. A total of 36 bottles of 1-liter
isotonic crystalloid solution were used — 18 for each
method. For the high-flow warming group, the Smith
Medical Level 1 H-1200 fluid warmer was used, which
is a widely accepted device known for its precision in
maintaining fluid temperature during infusion.

For the microwave warming group, a standardized
protocol was developed. In this protocol, each fluid
bottle was heated in a microwave oven, calibrated to
800W, for a duration of two minutes. The temperature
at the tip of the infusion set was measured using a digital
thermometer.

Outcome measures:

The primary outcome measure of this study was the
percentage of infusion time during which the temperature
at the tip of the infusion set remained within the optimal
range of 37-42°C. Temperature readings were obtained
using a Fluke 179 RMS Multimeter, with the probe
positioned at the tip of the infusion set, representing
the point of connection to the patients. This measure
served as a critical indicator of each warming protocol’s
ability to deliver warm IV fluids as mandated by the
ATLS protocol.

Data collection and analysis:

Data collection was conducted by a team of trained
healthcare professionals to ensure precision and consistency.
Temperature measurements were recorded at one-minute
intervals throughout the administration of each 1-liter
fluid unit, allowing for the calculation of the percentage
of infusion time that fell within the target temperature
range.

Descriptive statistics, including means, standard
deviations, and confidence intervals, were calculated to
summarize the performance of each warming protocol.
Inferential statistical analyses, including t-tests and
non-inferiority testing, were conducted to compare
the two methods and determine non-inferiority based
on a predetermined margin derived from the pilot trial.
All data were collected and analyzed using IBM SPSS
Statistics 28 (IBM Corporation, Armonk, NY).

Ethical considerations:

Ethical exemption for this in-vitro experimental
study was obtained from the Institutional Review Board.
The study adhered to all relevant ethical guidelines and
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regulations to ensure the responsible and respectful
conduct of research.

RESULTS
Pilot trial:

The pilot trial evaluated a range of fluid warming
techniques, each characterized by variations in container
types, infusion rates, and temperature maintenance
strategies. The average warming efficacy across the various
protocols is illustrated in Fig 1.

Among the tested methods, protocols 1, 2, 3, and
5 demonstrated efficacy rates of 96.71%, 85.12%, 100%,
and 25%, respectively. However, protocols 4 and 6 were
terminated prematurely due to critical safety concerns:
fluid temperatures exceeded the upper safety limit of 42°C
within the initial minutes of operation, often reaching
44-46°C. This overheating necessitated discontinuation
of these protocols.

Given the practicality and efficacy of protocol 1, it
was selected for further investigation in the non-inferiority
study against the established high-flow fluid warming
protocol. In contrast, although protocol 3 exhibited the
highest efficacy, it required rapid infusion of an entire
1-liter crystalloid solution, a condition deemed impractical
for real-world application. These results underscore the

== Protocol1 == Protocol 2 Protocol 3

44 1
43 1
42 1
41 4

40 \

== Protocol 5
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importance of evaluating not only the efficacy but also
the safety of fluid warming protocols, particularly in
high-stakes trauma care scenarios.

Non-inferiority trial:

In the non-inferiority trial, each fluid method was
meticulously evaluated for its ability to maintain the
target temperature range during the infusion of isotonic
crystalloid solutions. The high-flow fluid warmer group
achieved a 100% maintenance rate, ensuring that the
temperature at the tip of the infusion set remained within
the optimal range of 37-42°C throughout the entire
fluid administration process. This consistent robust
performance reaffirmed the high-flow fluid warmer’s
effectiveness in precise temperature control.

Conversely, the microwave oven warming protocol,
using rigid polypropylene crystalloid solution containers
heated at 800W for two minutes, also demonstrated
remarkable ability to rapidly attain the desired temperature.
The mean warming time for the microwave method was
19.43 minutes, and the temperature maintenance rate
was 95.84% (95.82-95.86, SD 0.04), indicating reliable
performance. The standard deviation of temperature
measurements was 0.04°C. Detailed results are illustrated
in Fig 2.

= = |ower limit upper limit
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Fig 1. Temperature control comparison across different warming protocols

Protocol 1: Microwave oven, 800 W for 2 mins, rigid 1-liter RLS package, free- flow via Cathlon No.18

Protocol 2: Microwave oven, 800 W for 2 mins, soft 1-liter RLS package, free-flow via Cathlon No.18

Protocol 3: Microwave oven, 800 W for 2 mins, rigid 1-liter RLS package, syringe push via Cathlon No.18

Protocol 4: Microwave oven, 800 W for 3 mins, rigid 1- liter RLS package, free-flow via Cathlon No.18, Prematurely terminated

Protocol 5: Warm cabinet preheated to 40°C for 8 hours, rigid 1-liter RLS package, free-flow via Cathlon No.18

Protocol 6: Warm cabinet preheated to 50°C for 8 hours, rigid 1-liter RLS package, free-flow via Cathlon No.18, Prematurely terminated
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Fig 2. Temperature control comparison between oven protocol and high-flow fluid warmer protocol.

Non-inferiority analysis:

The primary focus of the non-inferiority analysis
was to determine whether the microwave fluid warming
protocol was non-inferior to the high-flow fluid warming
protocol, using a pre-determined non-inferiority margin of
20%, as defined in the pilot trial. Statistical evaluation was
performed using appropriate methods, including t-tests
and non-inferiority testing. The results demonstrated that
the microwave method was non-inferior to the Level-1
method (95.84% vs 100%)

Secondary outcome measures:

Infusion Time: Infusion time was assessed as a key
secondary outcome. In the microwave oven warming
group, using a free-flowing technique, the mean infusion
time was 19.5 minutes. In contrast, the high-flow fluid

warming group achieved significantly faster infusion
times, averaging 5 minutes per liter.

Overall cost analysis:

An economic comparison of factors associated with
each warming protocol was carried out, accounting for
initial equipment costs and the cost of disposable infusion
sets. The findings revealed a substantial cost difference
between the two groups (Table 1). The microwave warming
protocol, which encompassed the cost of the microwave
oven and disposable infusion sets, had an average procedural
cost of approximately $70 per procedure. In contrast, the
high-flow fluid warming group incurred considerably
higher costs, with an estimated $4,500 per procedure.
This substantial cost disparity highlights the significant
economic advantage of the microwave oven method.

TABLE 1. Comparative cost analysis of common fluid warming methods in clinical settings.

Estimated unit cost
(USD)

Device

Level-1 fluid warmer $8,000 - $12,000

Warming cabinet $3,000 - $5,000

Microwave $100 - $300

Lifespan Estimated uses Per-use cost
(Years) per year estimate (USD)
5-7 1,500 - 2,000 ~$1.00 - $1.60
7-10 2,000 - 3,000 ~$0.20 - $0.40
3-5 1,000 - 1,500 ~$0.03 - $0.10

664 Volume 77, No.9: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



DISCUSSION

This study provides a comprehensive evaluation of
the viability and effectiveness of microwave fluid warming
in trauma care, compared with the well-established high-
flow fluid warming technique. The discussion focuses on
the implications of these findings on patient outcomes,
trauma management procedures, and broader healthcare
systems.

Regarding fluid-warming efficacy, the high-flow
Level-1 is known for its precision and ability to maintain
target temperatures. Hence, it serves as the benchmark
against which microwave fluid warming is evaluated.
The Level-1 method’s ability to consistently achieve a
100% target temperature maintenance underscores its
effectiveness in ensuring optimal IV fluid temperatures.
This aligns with existing literature supporting the use
of specialized fluid warming equipment to prevent the
lethal triad in trauma patients. Although the microwave
method did not reach the same level of temperature
maintenance as the Level-1 method, it demonstrated
substantial promise. The microwave technique warmed
fluids in just an average of two minutes, highlighting its
capacity to swiftly elevate fluid temperatures. This speed
may be especially valuable in time-sensitive scenarios,
potentially accelerating the initiation of warm fluid
administration. Moreover, its ability to maintain the
target temperature for 95.84% of the infusion duration
indicates the method’s clinical utility and effectiveness in
ensuring warm fluid delivery for the majority of infusion
duration.

To further improve temperature maintenance,
several strategies warrant consideration, including
insulation of crystalloid packages to mitigate thermal
loss and modifying infusion parameters. For example,
the use of larger-bore needles or simultaneous infusion
of two 500 mL packages may decrease total free-flow
infusion time, provided warming protocols are adjusted
accordingly. These suggestions could enhance both the
efficacy and infusion rate of microwave-based fluid
warming, ultimately increasing its clinical applicability
in time-critical trauma care settings. Further research
and refinement of these strategies could lead to more
effective fluid warming techniques and enhance patient
care in high-stake medical situations.

Our study emphasized the practical clinical
implementation of IV fluid warming. In contrast to
Chittawattanarat et al., who investigated optimal microwave
parameters under controlled laboratory conditions using
various fluids and containers’, we replicated actual
clinical practice by utilizing standard IV fluid bottles
connected to infusion sets with needles. This approach

...................................... Original Article SM]

accounts for potential heat loss along the IV line, and
we measured temperature at the needle tip to reflect the
final temperature delivered to the patient. In addition to
microwave warming, we compared the efficacy of other
commonly used warming protocols. Notably, warming
cabinets, despite their widespread use in trauma settings,
may be ineffective if fluids are not delivered rapidly
(e.g., 1 liter in 5 minutes). This highlights the need to
determine optimal cabinet temperature settings that
maintain adequate warming without causing overheating
or underheating during slower infusions.

From an economic standpoint, the microwave
warming approach presents a strong value proposition
to medical facilities looking for less expensive options
that meet the clinical criteria for trauma resuscitation.
A significant cost disparity has major implications for
resource allocation, especially at facilities with tight
budgets. Furthermore, when compared to specialized
fluid warming equipment, microwave ovens — which are
widely available in both clinical and residential settings
— are more cost-effective and ubiquitous. This can
democratize access to fluid warming capabilities across
a range of healthcare environments. Future research
should explore the cost-utility ratio of both warming
approaches and assess how feasible each is for application
in different clinical settings, especially in situations with
low resource environments, such as rural areas, or in
mass casualty situations where access to specialized
equipment may be limited.

While the focus of this study was temperature
maintenance, it is important to acknowledge safety
considerations. The risk of overheating remains a
potential concern with microwave fluid warming. It
poses a risk of hot spots and overheating, especially at
the center of the container, where microwave energy
is most concentrated.” This can lead to thermal injury,
hemolysis, or fluid degradation. The container material
also influences heating by absorbing microwave energy
unevenly. To reduce risk, fluids should be gently shaken
or inverted and allowed to rest briefly after microwaving
to promote even heat distribution.” Consider verifying
that the final temperature is below 42°C before infusion,
where feasible. Future research should examine not only
temperature maintenance but also patient safety and the
incidence of adverse events.

In addition to the risk of overheating, the potential
release of microplastics should be considered. Although
polypropylene, commonly used in IV bags and tubing,
has a high melting point (>130°C) and is FDA-approved
for microwave food contact, recent studies have raised
concerns. Hussain et al. reported the release of micro-
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and nanoplastics from microwaved dairy products in
polypropylene containers.'” More recently, Tarafdar et
al. demonstrated microplastic release from standard IV
infusion systems, with increased levels observed when
infusion pumps were used.'* These findings suggest that
microwave warming of IV fluids may further promote
microplastic release. However, no studies have directly
examined this risk in the context of IV fluid warming,
and the clinical implications remain unknown. Further
research is warranted.

As with any study, this investigation is not without
limitations. While the present study demonstrates the
feasibility and thermal efficiency of microwave-based
fluid warming under controlled in-vitro conditions, it is
important to acknowledge the limitations in translating
these findings directly into clinical practice. Our results
indicate that, when all parameters are precisely controlled,
microwave warming can deliver fluids within the target
temperature range recommended for trauma resuscitation.
However, in real-world clinical settings, variables such as
ambient temperature, infusion tubing length, flow rates,
patient core temperature, and individual thermoregulatory
responses may significantly affect the temperature of
the infused fluid at the point of delivery. Additionally,
we acknowledge that the Level 1 system includes both
warming and pressurized infusion, while the microwave
method relied on free-flow alone. This flow difference
may have affected temperature maintenance, potentially
disadvantaging the microwave group, though it was not
found to be inferior. Our model also excluded vascular
resistance, which in clinical settings may slow flow further.
If 1 liter cannot be delivered within 19 minutes, the fluid
may not reach the target temperature. Moreover, microwave
warming of IV fluids is not currently recommended by
the FDA due to limited evidence and concerns about
overheating from inconsistent temperature control.
While existing data may be outdated and high-quality
studies are lacking, the potential for harm prevents formal
recommendation of this method. As such, further in-
vivo investigations are warranted to assess the clinical
efficacy, safety, and practicality of this technique before
it can be recommended for routine use in patient care.

CONCLUSION

In conclusion, using a microwave to warm fluids is
non-inferior to a conventional high-flow fluid warming
device. Microwave fluid warming during early trauma
resuscitation is feasible, especially in remote areas with
limited resources. Additionally, this method costs less.
However, further in-vivo studies are warranted to evaluate
the efficacy and assess outcomes.
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ABSTRACT

Objective: To determine the diameter and anatomical location of the posterior auricular vein (PAV) and evaluate
its suitability as an alternative recipient vein to the superficial temporal vein in microvascular facial and scalp
reconstruction.

Materials and Methods: A retrospective study was conducted using 50 contrast-enhanced cranial CT scans (100
sides) and anatomical dissections on 10 fresh cadaveric heads (20 sides) between 2015 and 2019 at Siriraj Hospital,
Mahidol University. Measurements of PAV diameter and its distance from the vertical tragus line were recorded
at the trunk, tragus, and helix levels. Descriptive statistics and side-to-side comparisons were analyzed using
appropriate analytical tools.

Results: CT scans showed mean PAV diameters of 1.74 + 0.51 mm (trunk), 1.67 + 0.49 mm (tragus), and 1.33 +
0.42 mm (helix). Corresponding cadaveric measurements were 1.47 + 0.48 mm, 1.39 + 0.41 mm, and 1.16 + 0.34
mm, respectively. Statistically significant differences were noted at the trunk (p = 0.035) and tragus (p = 0.013). The
ICC values ranged from 0.81 to 0.91. No significant differences in positional measurements were found (p > 0.05).
Conclusion: The posterior auricular vein demonstrates consistent anatomical parameters and a diameter comparable
to the superficial temporal vein. These findings support its feasibility as a reliable alternative for venous anastomosis
in facial and scalp microvascular reconstruction, especially in vessel-depleted cases.

Keywords: Posterior auricular vein; superficial temporal vein; microvascular surgery; cranial computed tomography;

cadaveric dissection (Siriraj Med ] 2025; 77: 668-675)

INTRODUCTION

Microvascular reconstruction is a vital surgical
technique for addressing complex facial and scalp defects.
These procedures rely on the precise anastomosis of
small-caliber blood vessels to ensure adequate tissue
perfusion and long-term flap viability. The success of
such operations largely depend on selecting suitable
recipient vessels that can support optimal blood inflow
and outflow.’

Commonly, reliable recipient vessels, such as the
superficial temporal vein (STV) are used in facial and
scalp reconstructions due to their consistent anatomical
location, appropriate diameter, and ease of surgical
access."” However, the availability of these vessels may
be severely compromised by prior radiation therapy,
extensive surgical interventions, or congenital vascular
anomalies — factors that present major clinical challenges
for reconstructive surgeons.” In such cases, identifying
alternative recipient veins becomes essential to achieving
successful reconstruction outcomes.™

The posterior auricular vein (PAV) is an anatomically
promising yet clinically underexplored candidate located
superficially behind the auricle, the PAV offers predictable
anatomical features, convenient surgical access, and a
suitable size for microsurgical anastomosis.”* Despite these
advantageous characteristics, the PAV has been rarely
investigated or utilized in reconstructive surgery, and
existing literature on its feasibility and clinical outcomes
remains limited.*'*"

Cadaveric dissection remains a gold standard for
anatomical validation, and several previous studies have
exemplified its utility across various anatomical regions
and clinical contexts.'” "

To address this critical clinical and academic gap,
our study comprehensively evaluates the dimensions
and anatomical positioning of the PAV using advanced
contrast-enhanced computed tomography (CT) imaging,
validated by precise anatomical dissections in cadaveric
specimens. By providing detailed, clinically relevant
anatomical data, this research aims to establish the PAV
as a reliable alternative recipient vein. Such validation
has the potential to enhance surgical flexibility, improve
reconstructive outcomes, and significantly inform
microvascular reconstruction planning, particularly in
challenging clinical scenarios involving vessel depletion.”*"”
MATERIALS AND METHODS

This study was designed to assess the posterior
auricular vein as an alternative recipient vessel for
microvascular facial reconstruction. The research included
both living patients and cadaveric specimens, all over the
age of 15 years. Two primary approaches were employed
for data collection: contrast-enhanced cranial computed
tomography imaging in living subjects and anatomical
dissection in cadaveric specimens. (Fig 1).

In the imaging cohort, 50 patients underwent
contrast-enhanced cranial CT scans using one of three
multidetector CT scanners: Discovery CT 750HD (GE
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‘ Contrast CT scan
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‘ Cadaveric media

Diameter +

Data analysis

location
comparison

Fig 1. Schematic workflow of the study methodology, including case selection, contrast-enhanced CT scanning, cadaveric dissection, and

data analysis.

healthcare, Chicago, IL), Revolution CT (GE Healthcare,
Thailand), or Revolution Apex (GE Healthcare, Thailand),
with all following standardized contrast protocols. The
contrast-enhanced CT scans extended from the sternal
notch to the sella and were performed with a tube voltage
of 120kVp. Iodinated contrast medium (70 mL) was
infused via the dorsal arch of the hand at a rate of 3ml/s,
followed by a 20 mL saline flush. The delayed imaging
phase was acquired 60 seconds after contrast injection,
with a slice thickness of 1.25 mm. Posterior auricular
vein diameters were measured on three-dimensional
reconstructed images at three anatomically significant
landmarks: the trunk, tragus, and superior border of the
helix, bilaterally. These landmarks were strategically chosen
for their clear anatomical definition, surgical relevance,
and ease of intraoperative identification, making the data
directly applicable to reconstructive surgeons. (Fig 2).
All CT measurements were performed independently by

Vertical tragus line

one radiologist and two surgeons blinded to each other’s
assessments. Interobserver agreement was calculated
using the Intraclass Correlation Coefficient (ICC).

In the anatomical dissection arm, 10 fresh adult
cadaveric heads were used. The cadaveric specimens were
thawed and vascular structures were carefully injected
with a silicone-based contrast medium (Silicone RA320
(Rungart, Bangkok)), diluted in solvent (Por Dee Frame,
Bangkok) at a 3:7 weight ratio. An incision was made
along the posterior border of the mandibular angle to
provide optimal access to the vessels. The silicone mixture
was injected at a physiologic rate, allowing for detailed
visualization of both venous and arterial structures. After
preparation, the posterior auricular vein was dissected
and measured at the same three anatomical landmarks
used in the CT cohort: trunk, tragus, and helix. Both
diameter and positional measurements were recorded
for each specimen.

\ < Superficial temporal vein

External jugular vein

" Internal jugular vein

Retromandibular vein

Fig 2. Anatomy of the neck veins showing

the External jugular vein (EJV), Internal

jugular vein (IJV), Posterior auricular

vein (PAV) and other branches including

S —— the Superficial temporal vein (STV),

Retromandibular vein (RMV), Facial vein

(FV) and Anterior jugular vein (AJV).

Red dots indicate the measurement points

for vein diameter at the trunk, tragus,

and helix, measured horizontally at the

level of the auricle. The distances of the

posterior auricular vein at these levels

are labeled as (a), (b), (c) respectively.

These distances are measured from the

o . confluence point defined by a line
Anterior jugular vein

perpendicular to the vertical tragus line

and a horizontal line drawn from each

of the trunk, tragus and helix.
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Statistical analyses

Following data collection, descriptive statistical
methods were used to analyze the results. Mean values,
ranges, and standard deviations were calculated for
both the diameter and location of each anatomical
point. Comparisons were made between the CT and
cadaveric groups, as well as between left and right sides,
to assess anatomical symmetry and validate the findings.
Additionally, measurements of the posterior auricular vein
were compared with published dimensions of the commonly
used superficial temporal vein to evaluate its suitability
as a recipient vessel in microvascular reconstruction.
Normality was assessed, and group comparisons were
conducted using independent t-tests or Mann-Whitney
U tests. For normally distributed data, independent
t-tests were used. On the other hand, for non-normal
distributions, the Mann-Whitney U test was applied. Mean
differences and 95% confidence intervals were reported
to evaluate the magnitude of anatomical differences
between CT and cadaveric groups. All statistical analyses
were conducted using SPSS Statistics version 20.0 (SPSS,
Inc., Chicago, IL, USA).

This methodological approach was designed to
establish a reliable anatomical basis for considering the
posterior auricular vein as a potential recipient vein in

...................................... Original Article SM]

patients with depleted neck vessels, especially in cases
where the superficial temporal vein is unavailable or
unsuitable.

RESULTS

The study included 50 patients who underwent
contrast-enhanced cranial CT scans and 10 fresh adult
cadaveric heads, yielding comprehensive bilateral data
from both living and cadaveric subjects. The sample
comprised both genders, with 34 males (68%) and 16
females (32%), with a combined mean age of 66.57 + 10.30
years, ensuring a representative anatomical assessment.

Measurements obtained from the contrast-enhanced
cranial CT scans showed that the mean diameter of the
posterior auricular vein was 1.7 mm (range: 0.7-2.9 mm)
at the trunk, 1.7 mm (range: 0.7-2.8 mm) at the tragus,
and 1.3 mm (range: 0.6-2.2 mm) at the helix. There were
no statistically significant differences between the right
and left sides at any anatomical level (p > 0.05) (Table 1).
Similarly, the cadaveric dissection group demonstrated
mean diameters of 1.5 mm (range: 0.6-2.6 mm) at the
trunk, 1.4 mm (range: 0.7-2.2 mm) at the tragus, and 1.2
mm (range: 0.6-1.8 mm) at the helix. Statistical analysis
revealed no significant differences between the right and
left sides in this group. (Table 2)

TABLE 1. Mean diameters of the posterior auricular vein measured by CT scans (N=100).

CT (N=100) Right (mm) Left (mm) All (mm) P-value
MeantSD  Min-Max MeantSD Min-Max MeantSD Min-Max Right vs Left
Trunk Diameter 1.84£0.6 0.72.9 1.7£0.5 0.72.9 1.7+0.5 0.72.9 0.207
Tragus Diameter 1.7£0.5 0.82.8 1.6£0.4 0.72.5 1.7+0.5 0.82.8 0.085
Helix Diameter 1.3£0.4 0.62.2 1.4+0.4 0.72.1 1.3+0.4 0.62.2 0.305
TABLE 2. Mean diameters of the posterior auricular vein measured by cadaveric dissections (N=20).
Cadaveric (N=20) Right (mm) Left (mm) All (mm) P-value
MeantSD  Min-Max MeanSD Min-Max MeantSD Min-Max Right vs Left
Trunk Diameter 1.4+0.4 0.62.2 1.6+0.5 0.62.6 1.5¢0.5 0.62.6 0.441
Tragus Diameter 1.3+0.3 0.71.7 1.5+0.4 0.82.2 1.420.4 0.72.2 0.498
Helix Diameter 1.1+0.3 0.61.6 1.2+0.3 0.61.8 1.2+0.3 0.61.8 0.505
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Regarding anatomical positioning, the mean distance
from the vertical tragus line to the posterior auricular
vein, as measured on CT, was 18.8 mm at the trunk, 30.1
mm at the tragus, and 39.9 mm at the helix. (Table 3).
Cadaveric measurements were comparable, with mean
distances of 17.5 mm, 29.5 mm, and 40.4 mm at the
trunk, tragus, and helix, respectively. (Table 4) (Fig 2)
These positional findings were consistent across both
sides and study groups (CT and cadaveric groups), with
no statistically significant differences noted (p >0.05).
Comparative analysis between the CT and cadaveric
cohorts revealed statistically significant differences in
diameters at the trunk (right side, p=0.030; overall,
p=0.035) and at the tragus (right side, p=0.013; overall,
p=0.013), with consistently larger diameters observed
in the CT group (Fig 3). No significant differences were
observed in helix diameters or in anatomical distances
atany landmark between the two methods (all p > 0.05)
(Table 5). The observed discrepancies in trunk and
tragus diameters may be attributed to post-mortem
tissue changes in cadaveric specimens or limitations in
CT imaging resolution.

Importantly, the measured diameters and harvestable
lengths of the PAV closely matched those of the commonly
used superficial temporal vein (STV), which is typically

reported to have a diameter ranging from 0.5-2.0 mm
and a harvestable length of approximately 65 mm. In
our study, the harvestable length of the PAV reached
up to 65 mm on CT imaging and 61 mm on cadaveric
dissection, further supporting its clinical viability.

In summary, the posterior auricular vein demonstrates
consistent anatomical dimensions and positioning,
comparable to the widely used superficial temporal
vein. These findings highlight its potential as a reliable
alternative recipient vein for facial and scalp microvascular
reconstruction procedures.

DISCUSSION

The study presents a comprehensive anatomical
analysis of the posterior auricular vein, evaluating its
diameter and positioning using both contrast-enhanced
cranial computed tomography and cadaveric dissection.
The primary objective was to assess the feasibility of the
PAYV as an alternative venous recipient for microvascular
facial reconstruction, particularly in cases where the
commonly used superficial temporal vein (STV) is
unavailable due to prior surgery, radiation therapy, or
anatomical variation.

Our findings demonstrate that the mean diameter
of the PAV at three anatomical points (trunk, tragus,

TABLE 3. Mean distances of the posterior auricular vein measured by CT scans (N=100).

CT (N=100) Right (mm) Left (mm) All (mm) P-value
MeantSD Min-Max MeantSD Min-Max MeantSD Min-Max Right vs Left
Trunk Distance 19.1+8.0 7.039.0 18.6£8.0  5.035.0 18.8£7.9  5.054.0 0.786
Tragus Diameter 31.0+7.8 15.054.0 29.2+7.4  15.045.0 30.127.7  15.054.0 0.263
Helix Diameter 40.0+10.1  20.065.0 39.8¢10.3  20.060.0 39.9+10.2 20.065.0 0.936
TABLE 4. Mean distances of the posterior auricular vein measured by cadaveric dissections (N=20).
Cadaveric (N=20) Right (mm) Left (mm) All (mm) P-value
MeantSD Min-Max MeantSD Min-Max MeantSD Min-Max Right vs Left
Trunk Diameter 18.7t7.6 930 16.249.1 533 17.548.3 533 0.620
Tragus Diameter 28.9+6.1 2040 30.0+7.9 1944 29.5+6.9 1944 0.773
Helix Diameter 39.7+7.9 2851 41.0£11.9 2561 40.4+9.8 2561 0.819

672 Volume 77, No.9: 2025 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



Anterior
Branch
Posterior . _
Branch A Posterio

4 Auricular V.
L (i &

Ed

& _"
¥
L s:‘

L e
L Intetnal
~External. - jugular -
“Jugular 5. yain
Vein; it g

Occipital V.

-
oy

Fig 3. Cadaveric dissection demonstrating the posterior auricular vein (PAV), superficial temporal vein (STV), retromandibular vein (RMV),
external jugular vein (EJV), internal jugular vein (IJV), common facial artery (Common Facial A.), occipital vein (Occipital V.), anterior
branch (Anterior Branch), posterior branch (Posterior Branch), submental vein (Submental V.), deep submental vein (Deep Submental
V.), superficial submental vein (Superficial Submental V.), anterior jugular vein (Anterior Jugular V.), strap muscle (Strap Muscle), mandible,
and sternocleidomastoid muscle (SCM). PBDG and ABDG refer to specific labeled anatomic structures.

TABLE 5. Comparisons of diameter and distance measurements between cadaveric and CT groups.

Cadaveric (N=20) CT (N=100) P-value
Right Left All Right Left All Right Left All
Diameter  Trunk 1.4+0.4 1.6+0.5 1.5+0.5 1.8+0.6 1.7¢0.5 1.7¢0.5 0.030 0.487 0.035
Tragus 1.310.3 1.5+0.4 1.4+0.4 1.7+0.5 1.6+0.4 1.7¢0.5 0.013 0.363 0.013

Helix 1.1+0.3 1.2+0.3 1.2+0.3 1.320.4 14104 13204 0.201 0.179  0.063
Distance  Trunk 18.7x76  16.2#¢9.1 17.5#8.3 195480 18.6%8.0 18879 0.896 0.396 0.479

Tragus  28.9+%6.1  30.0+7.9 29.5#6.9 31.0+¢8.7 29.2+74 30.1x7.7 0423 0.771 0.713

Helix 39.747.9 41.0+11.9 40.4+9.8 40.0£10.1 39.8410.3 39.9+10.2 0.934 0.749 0.856
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and helix), are closely comparable to those of the STV.
Specifically, CT imaging revealed mean PAV diameters
of 1.7 mm at both the trunk and tragus, and 1.3 mm at
the helix. Cadaveric dissection yielded slightly smaller
but consistent values: 1.5 mm (trunk), 1.4 mm (tragus),
and 1.2 mm (helix), respectively. These results align with
previously reported diameter range of the STV, which
typically ranges from 0.5 to 2.0 mm. Furthermore, the
harvestable length of the PAV reached up to 65 mm on CT
and 61 mm in cadaveric specimens, closely matching the
average STV length reported in literature (approximately
65 mm).'

The bilateral symmetry of PAV measurements
observed in both living subjects and cadaveric specimens
reinforce its reliability as a recipient vessel, regardless of
the side chosen for anastomosis. This consistency is notable
given the anatomical variability often encountered with
STV and its arterial relationships in the pre-auricular
region, which can complicate vessel selection.
Our findings suggest that the posterior auricular vein
can be confidently considered a suitable alternative in
microsurgical reconstruction, offering both anatomical
consistency and dimensions comparable to the superficial
temporal vein. This supports previous clinical evidence,
such as the report by Kim et al, in which a successful
anastomosis of a free flap was performed using the PAV
in a patient lacking superficial temporal vessels’, further
highlighting its viability in vessel-depleted scenarios. These
findings also align with prior cadaver-based anatomical
research from Siriraj Hospital, which has consistently
demonstrated the value of combining morphometric

analysis with clinical relevance, particularly in regions
12-14

1,2,16,17

with complex vascular architecture.

Although statistically significant differences in
diameter were observed between CT and cadaveric
measurements, especially at the trunk and tragus on the
right side, these discrepancies may be attributed to the
small sample size of cadaveric specimens, postmortem
shrinkage and stiffness, as well as intrinsic limitations in CT
resolution for fine vascular structures. These limitations are
consistent with previous research indicating that cadaveric
dissection remains the gold standard for anatomical
measurements, while CT and MRI, though valuable, may
yield less precise measurements.'*"” Expanding sample
sizes in future studies will help address statistical bias
and confirm our findings.

The clinical relevance of the PAV as an alternative
to the STV is underscored by the increasing frequency of
complex reconstructions in the vessel-depleted neck.””
The fragile nature of venous structures, compounded by
prior interventions or radiation therapy, often limits the

availability of suitable recipient veins. Given its anatomical
proximity, comparable size to the STV, and consistent
drainage patterns”*’*, the PAV stands out as a valuable
backup option, potentially improving outcomes in cases
where conventional recipient veins are unavailable.

This study contributes to the growing body of
literature aimed at optimizing reconstructive strategies
in head and neck microsurgery. By providing detailed
morphometric data and supporting the feasibility of
using the PAV as a recipient vein, we offer practical
guidance for surgical planning, particularly in challenging
clinical scenarios. Notably, these findings support the
routine consideration of the PAV in microvascular facial
reconstruction, enhancing both versatility and safety in
vessel selection.

Limitations of this study include the relatively small
cadaveric sample size and the potential for measurement
bias inherent in imaging-based assessments. Future
investigations involving larger cohorts and improved
imaging protocols will be useful in validating these results
and further elucidating the anatomical understanding
of this promising vessel.

CONCLUSIONS

The posterior auricular vein exhibits consistent
diameter and anatomical positioning comparable to
the superficial temporal vein. These findings support
its clinical feasibility as an alternative recipient vein in
microvascular facial and scalp reconstruction, particularly
in vessel-depleted cases.
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