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Association between Transpyloric Feeding and Chronic Lung
Disease in Extremely Low Birth Weight Infants

Sarosur Ounisa1”, Er1 Matsurant”, Mimo NoNoMURAY, KaTsuTosal MaTsur*?, MAKIKO FUYUKTY,

Ewm1 Tanaka”, and TAkasHI HAMAZAKTY

Department of Pediatrics”, Graduate School of Medicine, Osaka Metropolitan University; and
Department of Neonatology”, Osaka City General Hospital

Abstract
Background

The management of transpyloric feeding (TPF) in preterm infants has not been thoroughly studied
since the 1980s. The objective of this study was to compare the risk of chronic lung disease (CLD) or
death between TPF and gastric feeding (GF) in extremely low birth weight (ELBW) infants.

Methods
This retrospective cohort study included all ELBW infants born at a single-center tertiary
neonatal intensive care unit between 2017 and 2021. The primary outcome was death or CLD, and

the study examined association between both nutrition methods and the prognosis of ELBW.

Results

During the study period, 60 ELBW infants were included. Baseline characteristics were similar
between the two groups. Twenty-four infants received TPF. Univariate regression analysis revealed
that death or CLD occurred in 41.6% and 61.1% of infants who received TPF and GF, respectively (p
=0.045). Multivariate logistic regression analysis indicated that TPF (odds ratio, 0.82; 95%
confidence interval, 0.8-0.9) was a significant factor that reduced the incidence of death or CLD.
Growth and adverse gastrointestinal outcomes were not significantly different between the two
groups.
Conclusions

TPF may decrease the risk of death or CLD in ELBW infants without significant adverse events,
but larger randomized trials are needed to confirm this association.

Key Words: Chronic lung disease; Transpyloric feeding; Extremely low birth weight

infants

Introduction
Chronic lung disease (CLD) is an important cause for morbidity in preterm infants, especially in
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extremely low birth weight infants (ELBW). CLD is associated with serious long-term complications,
including pulmonary and neurodevelopmental impairment and increased need for health and
education services™”. Approximately 45% of preterm infants born at <29 weeks of postmenstrual age
(PMA) are diagnosed with CLD?. CLD is characterized by an inflammatory response causing
abnormal lung development and decreased vascular and alveolar development, which requires
supplemental oxygen therapy and assisted ventilation at 36 weeks of PMA*®. CLD has multifactorial
causes, such as chorioamnionitis (CAM), fetal growth restriction, ventilatory management, oxygen,
patent ductus arteriosus (PDA), and prematurity-based malnutrition”.

The association between gastroesophageal reflux (GER) and exacerbation of CLD in preterm

infants is a controversial topic, despite reports suggesting a correlation®'”

. It is important to note
that physiological GER can develop in newborns, especially in preterm infants'®. Additionally,
mechanical ventilation during endotracheal intubation may lead to silent aspiration in preterm
infants. For nutritional support, gastric feeding is generally considered less invasive and less
expensive, but it carries a risk of vomiting. On the other hand, transpyloric feeding is more invasive
and expensive, but it has the advantage of better nutrient absorption and a reduced risk of aspiration.
Indeed, adult guidelines recommend transpyloric feeding (TPF) as an effective treatment for GER™'.
A meta-analysis of adults found that TPF reduces the incidence of ventilator-associated pneumonia
compared to gastric feeding (GF), but no significant difference was observed in the duration of
mechanical ventilation between the two groups”. In a small randomized controlled trial involving
pediatric patients, TPF did not reduce the incidence of GER or the duration of mechanical ventilation'®.
However, a retrospective cohort study in ELBW infants found that initiating TPF within the first
week of birth significantly reduced the composite outcome of death or bronchopulmonary dysplasia,
which is a specific form of CLD'. Although there have been reports of TPF reducing short-term
effects such as apnea of prematurity and bradycardia in preterm infants®'?, there is still a lack of
clinical randomized controlled trials examining the relationship between TPF and CLD in this
population®.

TPF is considered when gastric feeding is intolerable due to poor stomach emptying or severe
gastroesophageal reflux. There are currently no guidelines for ELBW regarding the use of
transpyloric feeding. The aim of this single-center retrospective study was to investigate whether
TPF could reduce the incidence and exacerbation of CLLD in ELBW infants, while also examining any

potential adverse effects.

Methods

Data collection

A retrospective cohort study that included all ELBW infants admitted to the neonatal intensive
care unit (NICU) at Osaka Metropolitan University Hospital (former Osaka City University
Hospital), a single tertiary center in Japan, was conducted between January 2017 and December
2021. Informed consent was obtained from all parents at birth, and the study was approved by the
Institutional Medical Ethics Committee (No: 2022-015; Jun 2™, 2022). Data were collected from the
medical records. The initial enrollment criterion was birth weight <1000g. Infants were excluded if
they did not receive enteral feeding within the first week after birth, died prior to initiation of enteral
feeding, or had a chromosomal disorder.

The following demographic and perinatal data were obtained: gestational age, birth weight, body
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length, head circumference at birth, sex, mode of delivery, singleton or multiple pregnancy, 1- and
5-minute Apgar scores, antenatal steroid use, and presence of premature rupture of membrane, small
for gestational age infant, histological CAM, and hypertensive disorders of pregnancy. Primary
composite outcome of death or CLD. CLD was defined as providing supplemental oxygen or positive
pressure and use of a high-flow nasal cannula at 36 weeks of PMA. Secondary outcomes included days
requiring mechanical ventilation, enteral feeding establishment period of >100 mL/kg/day, duration
of hospitalization, weight, body length, and head circumference at discharge, intraventricular
hemorrhage, cystic periventricular leukomalacia, necrotizing enterocolitis (NEC), focal intestinal
perforation (FIP), sepsis, need for indomethacin for symptomatic PDA, surgical PDA, and retinopathy
of prematurity requiring photocoagulation. Severe CLD was defined as the requirement of 30% or
more supplemental oxygen or the need for high-frequency ventilation or positive pressure at 36 weeks
of PMA.

GF and TPF insertion

The attending neonatologist made individual assessments to determine the timing and duration of
GF or TPF, which was initiated at their discretion during the study period. Common indications for
initiating TPF included gastroesophageal reflux (GER), aspiration, and feeding intolerance.

In this study, a 3 Fr, enteral feeding tube (JMS Co., Ltd., Tokyo, Japan) was used for GF. Prior
insertion positioning the patient in a semi-upright position, measuring the tube length from the
nostril to the earlobe, lubricating the tube, inserting it through the nostril and directing it towards
the back of the throat, verifying placement by aspirating gastric contents. For TPF, a 5 Fr, 120 cm
long, weighted polyvinyl chloride, enteral feeding tube (Kangaroo; Covidien Japan, Tokyo, Japan) was
used. A neonatologist inserted the transpyloric tube at the bedside using a stylet and a fluoroscope.
The tube was gently guided into the duodenum and its position was confirmed by radiography before
enteral feeding was replaced with a sustained infusion.

Nutritional protocols

All infants admitted to the NICU received parenteral and enteral nutrition. Amino acid solution
was started at 1.5-2 g/kg/day parenterally within 24 h after birth and increased by 1 g/kg every 24 h
to a maximum of 3.5 g/kg/day. The parenteral amino acid solution was gradually decreased with
increasing enteral nutrition and discontinued when full enteral feeding of approximately 150 mL/kg/
day was achieved. Lipid supplementation was initiated at 0.5 g/kg/day on day 3 or 4 after birth and
increased by 0.5 g/kg/day to a maximum of 2 g/kg/day. Breast milk or formula feed was initiated at
5-10 mL/kg/day on day 1 after birth. When full enteral feeding was achieved, it was replaced with
fortified breast milk or preterm formula.

Anthropometric measurements

Trained nurses measured the infant’s length, weight, and head circumference at birth and
discharge. Body weight was measured to the nearest gram using a digital electronic scale. Recumbent
body length was measured using a board. While one examiner held the infant’s head in a vertical
position, with the top of the head touching the fixed headboard, the second examiner extended the
legs and firmly placed the movable footboard against the heels. The occipitofrontal head circumference
was measured by placing a tape measure firmly around the head at the most prominent part of the
frontal bulge and the occiput.

Statistical analyses

Data is expressed as mean (standard deviation) or numbers (%). Continuous variables were
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analyzed using unpaired Student’s t-test or Mann-Whitney U test, while categorical variables were
analyzed using X’ test or Fisher’s exact test. Multivariable logistic regression was used to evaluate
the odds ratios (ORs) and 95% confidence intervals (CI). All statistical analyses were performed
using R (version 3.6.2; R Foundation for Statistical Computing, Vienna, Austria). Statistical

significance was set at p <0.05.

Results

During the study period, 60 inborn ELBW infants were admitted to the NICU of Osaka
Metropolitan University Hospital. Of the 60 infants, 24 were treated with TPF and 36 were GF. No
infants died prior to the initiation of enteral feeding; two infants on GF died in the hospital. The
baseline characteristics are shown in Table 1. Gestational age (26.3+1.4 weeks vs 26.6+1.3 weeks)
and birth weight (695.4+159.5g vs 698.2+187.1g) were similar between the two groups. There were
more infants with GF who had a histological CAM than there were with TPF (p=0.04). No other
significant differences were noted in baseline characteristics between the two groups.

The clinical outcomes of the study population are summarized in Table 2. Primary composite
outcome of death or CLD at 36 weeks of PMA (CLD36) occurred in 41.6% and 61.1% of infants who
received TPF and GF (p=0.045), respectively. Univariate regression analysis revealed that the
secondary outcomes, the incidence of CLD36 and the incidence of severe CLD36, did not demonstrate
a significant difference between the two groups. Other morbidities, such as NEC, FIP, sepsis, and
days to enteral nutrition >100 mL/kg/day were not significantly different between the two groups.
Furthermore, the duration of hospitalization and growth at discharge, including length, weight, and
head circumference measurements, were not significantly different between the two groups. The time
of TPF initiation was approximately 20.3+13.2 days after birth, and the TPF duration was 33.1+29.7
days.

Table 1. Characteristics of the study population

TPF GF

(n=24) (n=36) p value
Gestational age (weeks) 26.3 (1.4) 26.6 (1.3) 0.24
Birth weight (g) 695.4 (159.5) 698.2 (187.1) 0.96
SGA 12 (50.0%) 20 (565.6%) 0.62
1-min Apgar score 3.8(2.2) 3.9 (2.2) 0.87
5-min Apgar score 6.6 (1.8) 6.7 (2.0) 0.84
Male 10 (41.6%) 20 (55.6%) 0.35
Antenatal steroid 21 (87.5%) 27 (75.0%) 0.43
PROM 3 (12.5 %) 2 (5.6%) 0.24
Histological CAM 9 (37.5%) 17 (47.2%) 0.04*
HDP 7(29.1%) 8 (22.2%) 0.73
Multiple pregnancy 4 (16.7%) 9 (25.0%) 0.73
Caesarian delivery 18 (75.0%) 32 (88.9%) 0.54
Body length at birth (¢cm) 30.8 (2.4) 30.2(3.4) 0.5
Head circumference at birth (cm) 23.0 (1.7) 23.2(1.3) 0.72

Variables are mean (standard deviation) or number (%). *Statistically significant. Abbreviations: TPF, transpyloric
feeding; GF, gastric feeding; SGA, small for gestational age; PROM, premature rupture of the membranes; CAM,
chorioaminionitis; and HDP, hypertensive disorders of pregnancy.
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Since the univariate analysis revealed that TPN reduced death or incidence of CLD36, we
attempted a multiple regression analysis with TPN and other factors that could influence the
composite outcome of death or CLD36. The factors used in the multiple regression analysis were TPF,
histological CAM, gestational age, sex, symptomatic PDA, and PDA operation. As the results, TPF
(OR, 0.82; 95% (I, 0.8-0.9; p=0.048) was a significant factor in reducing death or CLD36 (Table 3).

Table 2. Clinical outcomes of the study population

TPF GF

(n=24) (n=36) p value

Death 0 2 (5.6%) 0.45
Death or CLD36 10 (41.6%) 22 (61.1%) 0.045*
CLD28 23 (95.8%) 29 (80.5%) 0.16
CLD36 10 (41.6%) 20 (56%) 0.09
severe CLD36 3 (12.5%) 6 (16.7%) 0.21
Symptomatic PDA 18 (75.0%) 32 (88.9%) 0.43
IVH 2 (8.3%) 0 0.43
Cystic PVL 0 2 (5.6%) 0.45
NEC 1(4.2%) 2 (5.6%) 1
FIP 0 4(11.1%) 0.19
Sepsis 3 (12.5%) 2 (5.6%) 0.61
ROP 7 (29.2%) 10 (27.8%) 0.54
Mechanical ventilation (days) 25.8 (14.3) 21.2 (18.7) 0.38
TPF initiation (days) 20.3 (13.2) NA

TPF duration (days) 33.1(29.7) NA

Days to enteral nutrition establishment

>100 mL/kg/d (days) 12.2 (3.0) 13.4 (3.7) 0.31
Period of hospitalization (days) 102.1 (23.8) 103.2 (35.8) 0.91
Weight at discharge (g) 2837.4 (570.4) 2711.1(781.5) 0.59
Body length at discharge (cm) 45.6 (3.7) 46.0 (5.5) 0.77
Head circumference at discharge (cm) 34.0 (2.2) 34.3 (2.5) 0.68

Variables are mean (standard deviation) or number (%). *Statistically significant. Abbreviations: TPF, transpyloric
feeding; GF, gastric feeding; CLD36, chronic lung disease at 36 weeks of postmenstrual age; CLD28, chronic lung
disease at 28 weeks of postmenstrual age; PDA, patent ductus arteriosus; IVH, intraventricular hemorrhage; PVL,
periventricular leukomalacia; NEC, necrotizing enterocolitis; FIP, focal intestinal perforation; and ROP, retinopathy of
prematurity.

Table 3. Multivariate logistic regression analysis for factors affecting death or CLD36

Odds ratio 95% CI p value
TPF 0.82 0.8-0.9 0.048*
Histological CAM 1.1 0.9-12.5 0.06
Gestational age (weeks) 0.6 0.4-0.9 0.035*
Male 4.4 1.1-13.6 0.043*
Symptomatic PDA 0.4 0.06-2.4 0.31
PDA operation 3.7 1.3-8.3 0.045*

“Statistically significant. Abbreviations; CLD36, chronic lung disease severity classification at 36 weeks-
postmenstrual age; CI, confidence intervals; TPF, transpyloric feeding; CAM, chorioamnionitis; and PDA, patent
ductus arteriosus.
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Discussion

In the present study, multivariate regression analyses revealed that ELBW infants treated with
TPF were associated with a reduced risk of composite outcomes of death or CLD than infants treated
with GF. Furthermore, growth and adverse gastrointestinal outcomes were not significantly different
between the two groups. Our results highlight the need to reassess the usefulness of TPN for ELBW
infants. The reduction of CLD not only improves long-term respiratory health but also lowers the
risk of neurological disorders, such as cerebral palsy and cognitive impairment.

Over the past several decades, various strategies have been designed to eliminate lung injury and
decrease mortality in extremely premature infants worldwide. While CAM is a known risk factor for

bronchopulmonary dysplasia in preterm infants*

, our results suggest that the presence of histological
CAM was not associated with an increased risk of composite outcomes of death or CLD36.

Pulmonary aspiration remains an unresolved cause of lung injury in preterm infants. Farhath et
al serially collected 239 tracheal aspirate samples from 45 ELBW infants on mechanical ventilation.
They detected pepsin, an indicator of stomach contents, in over 92% of the samples, with higher levels

in fed infants®

. In the same research group, it was observed that the concentration of pepsin in the
tracheal aspirate of preterm infants who developed bronchopulmonary dysplasia or died before 36
weeks of PMA was significantly elevated”. Aspiration has been specifically noted in preterm infants
due to factors such as immature lower esophageal sphincter tone, delayed gastric emptying, and the
use of endotracheal tubes without cuffs®.

TPF was once a commonly performed strategy to reduce aspiration risk in NICUs. However,

20,23-25)

safety concerns led to its discontinuation in the 1980s , and it became a treatment of the past

despite its potential benefits. While McGuire et al reported a significant increase in mortality due to

TPF because of a greater incidence of gastrointestinal disturbances®

, our institution has been using
TPF for a long time without experiencing any adverse events, such as gastric or intestinal perforation
and NEC. We were able to place a TPF tube without gastric perforation by carefully guiding the tube
tip along the gastric curvature from the abdominal wall. This technical improvement may contribute
to a better outcome in the TPF group.

In a systematic review conducted by Watson et al in 2013, they concluded that the effectiveness of
TPF could not be proven based on the analysis of nine clinical studies. However, they also noted that
there was a lack of high-quality studies, such as randomized controlled trials, and that each of the
clinical studies analyzed had methodological issues that required cautious interpretation®. A
retrospective study by Wallenstein et al showed that in ELBW infants, the composite outcome of
death or CLD was significantly reduced in ELBW infants initiated with early TPF within the first
week after birth than in those with GF (58% vs 67%, OR: 0.6, 95% CI; 0.3-0.9)'”. No significant
difference was observed in CLD alone between the two groups. Findings of our study support those of
Wallenstein et al, and provide additional evidence that TPF is effective in reducing the risk of death
or CLD. Unlike Wallenstein et al, who initiated TPF within the first week of life, our study included
ELBW infants who received late TPF to evaluate its outcomes and produced comparative results.
Our study could not clarify the efficacy of TPF during the early or subacute-to-chronic period. Despite
advances in neonatal care, such as the use of antenatal steroids and improved respiratory
management, lung injury caused by aspiration continues to be a challenge. As Wallenstein et al have
stated, it is necessary to revisit the potential benefits of TPF*®,

This study has several limitations. The small sample size reduces the credibility of the statistical



The Impact of Transpyloric Feeding on Chronic Lung Disease

evaluation. In addition, the study was conducted at a single-center NICU with unique management

practices, limiting the generalizability of the findings. Neonatologists made the choice between TPF

and GF based on their clinical judgment, creating a bias due to the lack of established criteria. The

timing of TPF initiation varied between the early and late TPF groups, making it unclear which, if

either, group was effective. Finally, the study was retrospective in design, highlighting the need for

prospective randomized trials to externally validate these findings.

In conclusion, the potential association between TPF and a decreased risk of death or CLD in

ELBW infants suggests the need to reevaluate the use of TPF in this high-risk population prone to

aspiration.
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Abstract
Background

Acute kidney injury (AKI) is one of the serious complications after open abdominal aortic
aneurysm (AAA) repair. It has been suggested that amino acid infusion may inhibit AKI. Therefore,
we hypothesized that intraoperative amino acid infusion, which was used to maintain body temperature,

is associated with a lower incidence of AKI.

Methods

In this retrospective, observational, single-center cohort study, we included patients who
underwent AAA repair between January 2007 and April 2019. Perioperative data were extracted
from medical records. The primary outcome was AKI diagnosed according to Kidney Disease:
Improving Global Outcomes criteria. We estimated the effect of amino acid infusion on AKI using a
multivariable Cox proportional-hazard regression analysis. As a sensitivity analysis, we estimated

the effect among the matched cohort based on the propensity score.

Results

A total of 697 patients were included in the analysis, of whom 310 received amino acids infusion of
around 20g. The incidence of AKI was 23.5% in the amino acid group and 19.1% in the control group.
Statistical analysis did not show a significant association between amino acid administration and
AKI (adjusted hazard ratios [95% confidence interval] were 0.79 [0.44-1.41] on the multivariable
regression model and 0.89 [0.51-1.53] on the propensity score matching methods).

Conclusions

The effect of amino acids on AKI was not observed in our study. In our study, the dosage of amino
acids administrated was significantly lower than the typical usage. Therefore, additional study is
required to assess the effect of the adequate dosage of amino acids.

Key Words: Acute kidney injury; Amino acid; Open abdominal aortic aneurysm repair
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Introduction

Acute kidney injury (AKI) is one of the most common complications after open repair of abdominal
aortic aneurysms (AAAs). The incidence of AKI was 20%-37.3%"®, which is higher than the incidence
of AKI after general surgery (1.0%)"”. There are not enough reliable methods to prevent postoperative
AKI, even though it is associated with an increase in long-term mortality rates with 5-year cohort
survival rate of 54% respectively®.

The effect of amino acid infusion on renal function has been previously reported; amino acid
intake decreases renal vascular resistance and increases renal blood flow*'”. These effects have been
attributed to the role of endothelium-derived nitric oxide promoted by amino acids'. It is known that
aortic declamping in open AAA repair causes renal ischemia-reperfusion injury, resulting in reduced
renal blood flow due to impaired nitric oxide synthesis and triggering AKI'. Therefore, it was
suggested that amino acid infusion may suppress AKI after open AAA repair.

Amino acids are often administered during general anesthesia to prevent hypothermia. Since that
amino acid infusion is not intended to prevent AKI, the association between amino acid infusion and
AKI can be investigated retrospectively. To examine this hypothesis, we conducted a retrospective

observational cohort study.

Methods

Ethical considerations

This study was approved by the ethics committee in National Cerebral and Cardiovascular Center
(registration number: R19068). The ethics committee granted a waiver of signed consent because of
the retrospective nature of the study.
Study design

This retrospective, observational, single-center cohort study enrolled consecutive patients who
underwent open AAA repair from January 2007 to April 2019 at National Cerebral and Cardiovascular
Center. Only first-time and planned operations were included. The exclusion criteria were preoperative
estimated glomerular filtration rate (eGFR) <15 mL/min/1.73 m?.
Surgical indications and procedure

Surgical indications were based on the 2011 Japanese Circulation Society Guidelines for Diagnosis

15 as follows: a maximal transverse diameter
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=55 mm in males and =50 mm in females, an increase in the transverse diameter =5 mm/6 months,
or an infected aneurysm.

For AAA, open repair was generally performed at our institution; however, the vascular team
considered endovascular aneurysm repair (EVAR) if the AAA satisfied any of the following conditions:

anatomical characteristics that made EVAR favorable®

, age >75 years, history of open abdominal
surgery, and history of smoking.

The surgical procedure was conducted in the following manner: Following a median abdominal
incision, the surgical field was exposed. Heparin was administered at a dosage of 100 U/kg, and once
it was confirmed that the activated clotting time exceeded 250 seconds, clamping was applied to both
the distal and proximal segments of the aneurysm, leading to the excision of the aneurysm.
Subsequently, anastomosis was performed between the artificial vessel and both the proximal and
distal segments of the artery. After neutralizing the effects of heparin with protamine, the surgical

incision was closed. No renal protection solution was utilized during the procedure.
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Anesthetic management

In all patients, general anesthesia was performed with concomitant electrocardiography, pulse
oximetry, non-invasive blood pressure measurement, and capnometry. An arterial cannula was
inserted in the radial artery and a central venous catheter was inserted into the jugular vein.
Arterial pressure and central venous pressure were continuously monitored. Anesthesia was
managed by the attending anesthesiologist. Epidural anesthesia was also performed unless patients
had a low platelet count or coagulopathy, or were undergoing antiplatelet or anticoagulation therapy.
Patients were transferred to the surgical intensive care unit after open AAA repair.

The attending anesthetist decided on the infusion of amino acids. The amino acid preparation
consisted of a standard mixture of amino acids (AMIPAREN Injection; Otsuka Pharmaceutical).
Diagnostic criteria for AKI

The diagnostic criteria for AKI were as follows, based on Kidney Disease Improving Global
Outcomes (KDIGO) criteria: an increase in serum creatinine of =0.3 mg/dL within 48 hours or an
increase in serum creatinine to =1.5 times baseline within 7 days after the surgery'®. Baseline
creatinine was defined as the most recent creatinine value before surgery.

Data acquisition

We retrospectively collected the following data from medical records: age, sex, height, weight,
American Society of Anesthesiologist physical status, location of cross-clamp, anesthesia methods,
anesthesia time, date of surgery, intraoperative volume of amino acids administered, minimum body
temperature during surgery, the most recent pre-operative serum creatinine value, and the daily
serum creatinine values until day 7 after the surgery.

Statistical analysis

Continuous variables were summarized utilizing medians and interquartile ranges. Categorical
and ordinal variables were presented as frequencies and corresponding percentages.

Kaplan-Meier estimates were computed to show the cumulative incidence of AKI for patients with
and without amino acid infusion after the surgery. Additionally, the influence of amino acid infusion
on AKI was quantified through hazard ratios using a multivariable Cox proportional hazards
regression analysis. Patients were followed for 7 days for the occurrence of AKI after the surgery.
Baseline covariates, age, sex, body mass index (BMI), baseline serum creatinine level, location of
cross-clamp, anesthesia time, and operation year, were adjusted for in the analysis. To assess non-
linear effects of continuous variables on the outcome, restricted cubic spline functions were employed.
To assess whether the effect of the amino acids infusion is modified by patients’ characteristics, cross-
product terms involving the presence or absence of amino acids and age, BMI, and baseline serum
creatinine levels were incorporated into the regression model separately along with other baseline
factors. Intraoperative fluid and blood transfusion volume were considered to strongly influence AKI
although these variables were omitted as covariates due to possible multicollinearity with anesthesia
time. In order to further assess the robustness of the analysis, we conducted secondary analysis to
the above with adding intraoperative fluid and blood transfusion volume to the set of covariates.

As part of a sensitivity analysis, a propensity score matching was used to further eliminate the
effect of the set of baseline confounding factors. Propensity scores were calculated as the estimated
probability of using amino acids infusion using a logistic regression model as a function of the
baseline confounding factors.

In addressing missing data, the multiple imputation method was employed. The statistical
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analysis was performed across five imputed datasets, with results synthesized using Rubin’s rule to
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calculate point estimates and confidence intervals'”. All statistical analyses were performed using

two-sided tests at the 5% significance level using R software version 4.2.2 (www.r-project.org).

Results

We used a surgical database to collect data from 709 patients who underwent planned open AAA
repairs. Due to their preoperative eGFR, 12 patients were excluded and 697 patients were included
in the analysis (Fig. 1). Amino acids were given to 310 (44.5%) of the patients in the study. Most
patients who received infused amino acids received a dose of 20g. The baseline characteristics of the
study participants are listed in Table 1. Intraoperative minimum body temperatures were
comparable between the two groups (control group vs amino acid group (median [interquartile
range)); 35.42°C [34.90, 35.81] vs 35.20°C [34.75, 35.73]) (Table 2).

The incidence of AKI within 7 days after surgery was 23.5% in the amino acid group and 19.1% in
the control group. Statistical analysis failed to show a significant association between amino acid
administration and AKI (adjusted hazard ratio, 0.79; 95% confidence interval, 0.44-1.41; p=0.94) (Fig.
2). Furthermore, the effect modification of the presence or absence of amino acids by each covariate,
age, BMI, and baseline serum creatinine levels, was not statistically significant (Fig. 3). Within
various subgroups, no significant association emerged between amino acid administration and AKI
(Fig. 4).

After reducing imbalances of the potential confounding factors through the propensity score
matching method, a similar result was obtained (hazard ratio, 0.89; 95% confidence interval, 0.51-
1.53; p=0.66); (hazard ratio, 0.84; 95% confidence interval, 0.48-1.48; p=0.55) with adding
intraoperative fluid and blood transfusion volume. The utilization of propensity score matching was

validated by demonstrating the alignment of background factors between the two groups (Table 1).

Patients undergoing the planned
major open abdominal aortic aneurysm repair
709 patients

Excluded
—» - Preoperative eGFR<15mL/min/1.73m?
12 patients

hd
Patients for statistical analysis
697 patients

Figure 1. Recruitment flow diagram. eGFR, estimated Glomerular Filtration Rate.
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Table 1. Distribution of patients’ characteristics before and after propensity score matching

(a)

Original cohort
Control group Amino acid group -
(N=387) (N=310) SMD - Missing (%)
Age,y 71.00 [65.00, 76.00] 71.00 [65.00, 76.00] 0.04 0
Sex, male 85.5(331) 86.1 (267) 0.017 0
BMI, kg/m? 23.34 [21.25, 25.40] 23.50 [21.39, 25.06] 0.028 1.6
Location of cross-clamp 0.207 1
Infrarenal 85.6 (327) 79.9 (246)
Hemirenal 7.3 (28) 13.6 (42)
Suprarenal 7.1 (27) 6.5 (20)
ASA-PS 0.138 3.7
1 1.14) 2.6 (8)
2 82.5(298) 82.9 (257)
3 16.1(58) 14.5 (45)
4 03D 0.0 (0)
Anesthesia time, min 301.00 [260.50, 344.00] 332.50 [290.25, 390.75] 0.529 0
Preoperative creatinine, mg/dL.  0.91 [0.78, 1.08] 0.97 [0.83, 1.13] 0.111 0
Operation year 2010.00 [2008.00, 2011.00] 2015.00 [2013.00, 2017.00] 1.838 0
(b)
Matched cohort
Control group Amino acid group ..
(N=118) (N=118) SMD  Missing (%)
Age,y 70.50 [67.00, 76.75] 71.00 [67.00, 78.00] 0.007 0
Sex, male 89.0 (105) 86.4 (102) 0.007 0
BMI, kg/m? 23.64 [21.80, 25.56] 23.38 [21.06, 25.38] 0.078 0.4
Location of cross-clamp 0.134 1.3
Infrarenal 80.3 (94) 83.6 (97)
Hemirenal 11.1(13) 11.2 (13)
Suprarenal 8.5 (10) 5.2 (6)
ASA-PS 0.023 0
1 08(1) 0.8 (1)
2 83.1(98) 83.9 (99)
3 16.1(19) 15.3 (18)
4 0.0(0) 0.0 (0)
Anesthesia time, min 324.50 [292.00, 365.75] 324.00 [289.25, 380.25] 0.02 0
Preoperative creatinine, mg/dL  0.95 [0.80, 1.10] 0.96 [0.82, 1.10] 0.001 0
Operation year 2013.00 [2011.00, 2015.00] 2013.00 [2011.00, 2014.75] <0.001 0

Propensity score matching was performed to align background factors between the two groups. Medians and

interquartile ranges are presented for continuous variables, and frequency and proportions (%) of each category are
presented for categorical variables. Percentages in categorical variables represent proportions of the population
excluding any missing values. SMD, standardized mean difference; and ASA-PS, American Society of Anesthesiologists’
physical status.

Table 2. Other characteristics not used for matching

Control group Amino acid group

(N=387) (N=310) P value
Operation time, min 207.00 [169.50, 247.00] 244.50 [199.50, 300.00] <0.001
Minimum body temperature, C 35.42 [34.90, 35.81] 35.20 [34.75, 35.73] 0.013
Postoperative maximum creatinine, ; ;o 10 g6 1 37] 1.15 [0.95, 1.43] 0.001
mg/dL
Intraoperative fluid, mL 3000.00 [2000.00, 3750.00] 4025.00 [3150.00, 5150.00] <0.001
Intraoperative transfusion, mL 910.00 [280.00, 1560.00] 1300.00 [700.00, 2437.25] <0.001

The values in the table represent the median and quartile range. P values were calculated by Student’s T test.
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Postoperative AKI free probability

Group - =4+ - Control —+— Amino acid
1.004
______________________________ il
0.75- B
0.501
0.251
0.001
0 1 2 3 5 6 7
Days after the surgery
Number at risk
Control | 387 350 324 315 315 313 313 313
Amino acid | 310 273 246 238 237 237 237 237

Figure 2. Kaplan-Meier curves of time to AKI. The cumulative proportion of patients with being free from the
occurrence of AKI was shown using Kaplan-Meier curves comparing patients with and without the amino acid

infusion. AKI

, acute kidney injury.

P for effect modification = 0.74
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Figure 3. Assessment of effect modification of the presence or absence of amino acids by each covariate. The effect
modification of the presence or absence of amino acid infusion was assessed using the multivariable Cox proportional-
hazard regression model including the cross-product term between the amino acid infusion indicator and (a) age, (b)
BMI, and (c) baseline serum creatinine value, separately. BMI, body mass index.
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SubGroup Control Amino acid Hazard Ratio (95% CI)

ALL 387 310 S 0.79 (0.44 to 1.41)
Age (year)

=l 179 154 0.87 (0.3 t0 2.48)

>=171 208 156 B L — 1.1 (0.53 t0 2.29)
Sex

Male 331 267 e 0.85 (0.56 to 1.3)

Female 56 43 e — 0.89 (0.45 to 1.75)
BMI (kg/nr’)

<234 191 151 s 0.77 (0.35to 1.7)

>=23.4 185 159 —y 1.25 (0.58 to 2.68)
ASA-PS

1 4 8 e 0.69 (0.3 to 1.56)

2 298 257 s — 0.89 (0.45 to 1.75)

3 58 45 ——— 1.14 (0.54 to 2.42)

4 1 0 1.48 (0.55 to 3.96)
Location of cross-clamp

Infrarenal 82¥ 246 o= 0.89 (0.45 to 1.75)

Hemirenal 28 42 1.52 (0.65 to 3.53)

Suprarenal 27 20 2.2(0.94t0 5.14)
Anesthesia time (minutes)

=915 232 113 = 0.82 (0.38 to 1.75)

>=315 155 197 ——— 1.3 (0.64 t0 2.63)
Baseline creatinine (mg/dL)

<0.93 212 127 —=—1— 0.57 (0.26 to 1.26)

>=0.93 175 183 e E— 0.92 (0.37t0 2.3)
Operation year

<2012 298 39 —— 0.68 (0.32 to 1.45)

>=2012 89 271 —*{— | | | | 0.91 (0.47 to 1.78)

1 2 3 4 5

Amino acid Better Control Better

Figure 4. Forest plot of primary outcome according to subgroups. The effect of amino acids infusion was assessed in
each subgroup of patients defined by baseline characteristics. For continuous baseline variables, the subgroups were
classified by dividing the cohort by the median value of each variable. CI, confidence interval, BMI, body mass index;
and ASA-PS, American Society of Anesthesiologists physical status.

Discussion
This study examined the effect of intraoperative amino acid infusion on the incidence of AKI. The
incidence of AKI with open AAA repair was 21.1% in this study. This result was compatible with

9, Qur analysis did not show a statistically significant association between amino

previous reports
acid infusion and the incidence of AKI, and the results were similar in the sensitivity analysis using
propensity scores. The baseline variables background factors employed for propensity score matching
were consistent with those used in the main analysis, which involved a multivariate Cox proportional
hazards analysis. Both in the multivariate Cox proportional hazards analysis and propensity score
matching including intraoperative fluid and blood transfusion volume as covariates the results
remained consistent with the initial findings. Irrespective of the analytical method employed, the
direction of the effects remained consistent with prior studies.

One reason that amino acid infusion had a small effect on the incidence of AKI might be the low
dose of amino acids administered. The median dose of amino acids in our study was 20g. This
amount is much smaller than in a previous study in which 100g of amino acids were administered

18)

daily’®. Another study showed that there was a dose-response relationship between physiological

increments in plasma amino acid concentrations and the stimulation of GFR and renal blood flow™.
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A threefold increase in plasma amino acid concentrations resulted in maximum GFR and renal blood
flow increases of 22% and 27%, respectively. Therefore, it is conceivable that a greater effect on AKI
could be achieved by administering an adequate dosage of amino acids.

Although not statistically significant, subgroup analysis showed a trend in favor of the control
group in the order of supra-renal, semi-renal, and infra-renal (Table 4). The hypothesis of this study
posited that AKI would be mitigated by an increase in renal blood flow resulting from amino acid
administration. However, there are two potential mechanisms underlying AKI following open
abdominal aortic aneurysm repair: reduced renal blood flow due to ischemia-reperfusion injury and
direct blood flow obstruction caused by supra-renal cross-clamp. The former is also caused by infra-
renal cross-clamp, and the chemical mediator-mediated mechanism might be alleviated by the actions
of amino acids. The latter, on the other hand, involves a direct blockade of blood flow and may not
benefit from amino acid administration.

There was little difference in the minimum body temperature during surgery between the two
groups. This result is not unexpected since the amino acids were infused in order to raise body
temperature during surgery. Moreover, the result is reasonable because the effect of amino acid
infusion on the incidence of AKI is not mediated by body temperature.

This study had several limitations. Firstly, some data were unavailable because of automated
extraction from medical records. Therefore, we could not adjust for several factors that might be
associated with postoperative outcomes such as aortic cross-clamp time, postoperative fluid balance,
intraoperative cardiovascular variables, and preoperative comorbidity. As the duration of blood flow
cessation to the renal artery during suprarenal cross-clamping is particularly important, the location
of aortic cross-clamp was substituted for the duration of blood flow cessation to the renal artery by
incorporating the location of aortic cross-clamp within the statistical model. Moreover, there was no
data on the intraoperative renal blood flow because the data was not measured in regular medical
care. Therefore, it could not be concluded that amino acids suppressed the AKI by increasing the
renal blood flow.

Secondly, the study enrollment period was approximately 12 years. Since surgical procedures
have changed over 12 years, such as the transition from open surgery to endovascular surgery, the
characteristics of patients who undergo open surgery might also have changed. To address this issue,
our statistical analysis included adjustments for the year of surgery.

Lastly, the criteria for the infusion of amino acids by the attending anesthetist are not clear.
However, the anesthetists infused it to maintain body temperature but not for AKI prophylaxis.
Furthermore, body temperatures were similar between the two groups. Therefore, we believe this
factor doesn’t significantly introduce bias into our analysis.

In conclusion, we could not show the effect of intraoperative amino acid infusion on AKI after open
AAA repair. In our study, the dosage of amino acids administrated was considerably less than that in
previous studies. Therefore, it is possible that an adequate dosage of amino acids may have an effect

on AKI, and further studies are needed.
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Multiple Cerebral Infarctions due to a Calcified Amorphous Tumor
that was Surgically Resected Successfully: A Case Report
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Abstract

Calcified amorphous tumor (CAT) is a recently recognized non-neoplastic cardiac tumor; however,
its clinical relevance remains unclear. We report a case of a patient with CAT who suddenly
developed motor aphasia. Head magnetic resonance imaging revealed multiple small cerebral
infarctions in the scattered cerebral cortices. Transesophageal echocardiography and chest computed
tomography revealed a 2-cm mass attached to the posterior mitral leaflet. The patient was diagnosed
with CAT-induced infarction and was successfully treated with surgery. As antithrombotic treatment
for CAT has not been effective in preventing infarction in most previous reports, prompt surgical
resection is recommended.

Key Words: Cardioembolism; Type 2 diabetes, Posterior mitral leaflet; Non-neoplastic

tumor; Transesophageal echocardiography

Introduction
Calcified amorphous tumor (CAT) is a non-neoplastic tumor first reported by Reynolds et al in
1997". It histologically consists of calcified nodules with amorphous materials and is commonly
detected incidentally in cardiac imaging studies. However, the clinical association between CAT and
cerebral infarction remains unclear”. Herein, we report a case of CAT with multiple scattered

cerebral embolic infarctions that was surgically resected.

Case Report
A 69-year-old Japanese man suddenly noticed difficulty in choosing words during lunch with his
family at 1200 hours. He visited a nearby clinic and underwent emergency brain magnetic resonance
imaging (MRI) that revealed multiple infarctions in the acute and subacute phases. The patient was
transferred to our hospital at 1700 hours. He had been diagnosed with type 2 diabetes for 10 years
and was being treated with metformin. He had smoked 20 cigarettes per day for the past 50 years.
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Figure 1. Brain magnetic resonance imaging (MRI) images taken on day 1. Diffusion-weighted MRI images (arrow,
A) demonstrate a small infarct with a 5-mm diameter in the left insular cortex. The lesion was not detected on T2-
weighted images (B), suggesting an acute lesion. A small infarct in the subacute phase was observed in the precentral
gyrus and another in the deep white matter below the cortical one on the right side on diffusion-weighted (arrow head,
A) and T2-weighted images (arrow head, B).

He had no family history of stroke or any specific cardiac diseases.

On admission, his height was 168 c¢cm, weight was 82.4 kg, body mass index was 28.9, blood
pressure was 140/80 mm Hg, and pulse rate was 69/min and regular. Physical examination revealed
no carotid bruit on either side and no cardiac murmurs. Neurological examination revealed that the
patient was right-handed. He was conscious and alert. However, his spontaneous speech was not
fluent. He had difficulty naming objects and paraphasia. He was unable to repeat long sentences,
although his understanding of spoken words was preserved. He had neither cranial nerve
abnormalities nor weakness. His deep tendon reflexes were normal. All pathological reflexes were
negative. The patient’s sensory system was normal. The coordination tests revealed no abnormalities.
His station and gait were stable. His National Institutes of Health Stroke Scale (NTHSS) score® was 1.

Laboratory tests revealed the following results: WBC 6700/pL; RBC 327 X10*puL; hemoglobin
15.4 g/dL; platelet count, 26.3 X10*/puL; D-dimer <0.5 pg/mL; BUN 15 mg/dL; Cr 0.89 mg/dL; LDL
125 mg/dL; plasma glucose, 130 mg/dL; HbAlc 8.7%; Ca 9.3 mg/dL; P 3.3 mg/dL, and BNP
13.5 pg/mL. Twelve-lead electrocardiography revealed a normal sinus rhythm of 61 beats/min.

Diffusion-weighted MRI revealed a small infarct with a diameter of 5 mm in the left insular cortex

(Fig. 1A). The lesion was not detected on Fluid Attenuated Inversion Recovery (FLAIR) images and
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Figure 2. Transesophageal echocardiography revealed a mass with a 2-cm diameter attached to the posterior mitral
leaflet (arrow). The contents of the tumor were heterogeneously visualized. LA, left atrium; LV, left ventricle.

T2-weighted images, suggesting an acute lesion (Fig. 1B). Additionally, small infarcts in the subacute
phase were identified in the precentral gyrus and deep white matter adjacent to the cortical lesion on
the right side on diffusion-weighted and T2-weighted images. Magnetic Resonance angiography
revealed no abnormalities in the major cerebral arteries.

Based on the time window and MRI findings, the patient was not considered for intravenous
thrombolysis or mechanical thrombectomy. He was started on dual antiplatelet therapy with aspirin
(100 mg once daily) and clopidogrel (75 mg once daily), as well as intravenous argatroban (60 mg over
24hours for 2 days followed by 10 mg twice daily for 5 days) and edaravone (30 mg twice daily for 14
days).

Holter electrocardiographic monitoring revealed no arrhythmia. Transthoracic echocardiography
revealed a mass around the posterior mitral leaflet. Transesophageal echocardiography revealed a
tumor of 2-cm diameter attached to the posterior mitral leaflet (Fig. 2). The tumor contents were
heterogeneously visualized. No intracardiac thrombus was observed. Echocardiography revealed no
significant atherosclerotic plaques in the aorta or the patent foramen ovale. Chest computed
tomography (CT) revealed a heterogeneously calcified mass of 2 cm in diameter, part of which was
enhanced with contrast medium (Fig. 3). Carotid ultrasonography revealed small plaques without
significant stenosis or an increase in flow velocity on both sides. Leg ultrasonography revealed no

deep venous thrombosis.
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Figure 3. Plain chest computed tomography revealed a heterogeneously calcified mass with a 2-cm diameter (A), part
of which was enhanced with contrast medium (B).

Figure 4. Intraoperative findings. A round elevated mass with a 2-cm diameter was located on the mitral annulus
and extending to the posterior mitral leaflet (arrow head, A). Its surface was ulcerated, and calcified material was
observed underneath. Upon resection of the posterior mitral leaflet, a creamy white discharge, consistent with caseous
calcification, appeared (arrow head, B). The amorphous material was aspirated with a suction (arrow, B).

The patient was diagnosed with multiple CAT-induced infarctions and was at a high risk of
recurrent infarction. On day 15, the patient underwent surgical resection of the intracardiac tumor.

Intraoperative findings revealed a round elevated mass of 2-cm diameter located on the mitral
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Figure 5. Pathological findings. Nodular calcification deposits are observed adjacent to the creamy amorphous
material, which is surrounded by infiltrated inflammatory cells. The surface of the lesion is coated with fibrin. Scale:
100 pm.

annulus and extending to the posterior mitral leaflet (Fig. 4A). Its surface was ulcerated, and
calcified material was observed underneath. Upon resection of the posterior mitral leaflet, a creamy
white discharge consistent with caseous calcification appeared (Fig. 4B). The amorphous material
was aspirated with a suction. The mitral annulus was reconstructed with a bovine pericardial patch
and the mitral valves were replaced with bioprosthetic valves (Mosaic Bioprosthesis, Medtronic Japan
Co., LTD, Tokyo, Japan).

Pathological examination revealed nodular calcification deposits adjacent to the creamy
amorphous material surrounded by infiltrated inflammatory cells (Fig. 5). The lesion surface was
coated with fibrin. These pathological findings were consistent with typical CAT pathology reported
previously'?.

The dual antiplatelet therapy was terminated after the surgery. Aphasia, the only neurological
symptom, quickly disappeared after admission, and the patient’s recovery from the surgery was good.
The patient was discharged on day 29 without any residual symptoms and had no recurrent attacks

for 2 years.
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Discussion

CAT was first reported as a non-neoplastic intracardiac tumor in 1997". Pathologically, the lesion
comprises nodular deposits or flecks of calcium with eosinophilic, amorphous, and occasionally
fibrillar material. Although the nature of the amorphous material is unclear, it is suggestive of fibrin
degeneration. Nodular calcium deposits are intervened with the dense collagen and chronic
inflammatory cells. Most patients have fresh fibrin on the surfaces of the tumor, and the tumor is
anchored to the subjacent endomyocardium by either dense connective tissue or granulation tissue
associated with chronic inflammation. These characteristics are consistent with the pathological
findings in the present case.

Pathological differential diagnoses include most benign and malignant cardiac tumors,
predominantly myxoma and non-neoplastic processes, including thrombus, embolus, and vegetation®.
The infiltration of inflammatory cells observed in the present case was non-specific and mild and was
not suggestive of endocarditis as a primary cause of the lesion. A similar inflammatory change was
observed in all 11 cases in the first report of CAT". Mitral annular calcification, a non-inflammatory
chronic degenerative process of the fibrous support structure of the mitral valve®, does not include
amorphous material and inflammatory changes and is distinct from CAT. CAT is often accompanied
by mitral annular calcification?. In the present case, although the calcified lesion was adhered to the
mitral annulus ring, the pathological changes were specific to CAT, and no additional lesions
suggestive of mitral annular calcification were observed.

Most CAT cases present with cardiac symptoms, including chest pain, syncope, and shortness of
breath. Cerebral infarction was reported in 2 of 11 cases (18%) in the first CAT report” and in 16 of
83 cases (19%) in a recent review®. Furthermore, in a review of 18 CAT-induced cerebral infarction
cases, 9 cases (50%) had multiple lesions”. These lesions were mostly small or punctate, as in the
present case. Correspondingly, neurological symptoms at onset were generally mild (NIHSS 2-4
points), and the prognosis was favorable, as observed in the present case®. The small size of the
infarction on CT or MRI and mild symptoms suggest that small emboli may occlude the cerebral
arteries in CAT-induced infarctions. Based on the pathological findings of CAT indicating an
ulcerated surface, fragments of the fibrin cap or scattering of amorphous material detached or
released from the CAT may occlude multiple arteries”.

The risk factors for CAT include end-stage renal disease, diabetes mellitus, and hypertension®.
Although the detailed etiology of CAT remains unclear, abnormal calcium metabolism and chronic
inflammation associated with these risk factors may induce CAT. Additionally, CAT accompanied by
mitral annular calcification may be associated with an atherosclerotic process”. The patient in the
current report had poorly controlled type 2 diabetes, obesity, and smoking as risk factors. Although a

1019 it may be considered a

few cases of infectious endocarditis-associated CAT were reported recently
distinct entity.

Surgical resection is typically selected to prevent cerebral infarction and for pathological
confirmation”. Meanwhile, the efficacy of antithrombotic drugs has not yet been fully evaluated. In
the present case, prompt surgical resection after admission prevented further recurrence for 2 years.

In conclusion, we report a rare case of CAT with multiple scattered cerebral embolic infarctions.
Scrupulous evaluation of the heart and prompt resection of the lesion once suspected of CAT is

recommended.
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Jejunal Herniation into the Lesser Sac through a Defect
in the Gastrocolic Ligament Diagnosed with Multidetector
Computed Tomography: A Case Report
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Abstract
Internal hernia (IH) into the lesser sac through a defect in the gastrocolic ligament (GCL) of the

greater omentum, an emergency abdominal condition, is a type of IH that involves the greater
omentum. Because its clinical symptoms are non-specific, so clinically its preoperative diagnosis is
usually difficult. Here, we report a case of IH into the lesser sac through a defect in the GCL in which
multi-detector computed tomography (MDCT) clearly showed penetration of the jejunum with its
mesenteric fat tissue and mesenteric vessels through a complete defect in the GCL. These MDCT
findings accurately reflected the direct findings of this rare type of IH, so we were confident in the
preoperative diagnosis.
Key Words: Internal hernia; Omentum; Gastrocolic ligament; Lesser sac; Multidetector

computed tomography

Introduction
Internal hernia (IH) involving the greater omentum can be classified into three types''’.
Herniation of viscus through a defect in the free-hanging part of the greater omentum is the most
common IH type, which has been historically referred to as trans-omental hernia. This type involves

the small bowel in almost all cases™”

, and the herniated small bowel without a hernia sac lies in the
inframesocolic compartment of the greater peritoneal cavity. The second IH type is herniation of the
small bowel into the lesser sac through a defect in the gastrocolic ligament (GCL)*®, and the herniated
small bowel is trapped within the lesser sac. The third IH type is a special presentation of the second
type
re-enters the greater peritoneal cavity from a defect in the lesser omentum or the foramen of Winslow.

™V The herniated small bowel, which has entered into the lesser sac from a defect in the GCL,

Sometimes, IH traversing the lesser sac from defects in both the GCL and the lesser omentum is
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termed as double omental hernia''*.

A typical patient with IH involving the greater omentum is a middle-aged male or female with no

history of abdominal surgery who presents with symptoms such as abdominal pain, abdominal

1-11)

distension, nausea, and vomiting Clinical diagnosis is generally difficult because of non-specific

clinical symptoms™".

Therefore, imaging studies play an important role in diagnosis. Currently,
multidetector computed tomography (MDCT) is the most used imaging modality for preoperative
imaging diagnosis of various IH types®*”. However, to our knowledge, no study to date provided

detailed MDCT findings of IH entering the lesser sac through a defect in the GCL. Here, we report

Figure 1. (A-D) Contrast-enhanced axial multidetector computed tomography (MDCT) images from the cephalad (A)
to the caudal (D) side.

A: Contrast-enhanced axial MDCT image at the level of the gastrohepatic ligament (a part of the lesser omentum).
Herniated jejunal loops (white asterisks) are located in the lesser sac. The stomach body is displaced anteriorly and
superiorly. The gastrohepatic ligament (one part of the lesser omentum) is also compressed and stretched.

B: Contrast-enhanced axial MDCT image at the level of the foramen of Winslow. Herniated jejunal loops (white
asterisks) are located in the lesser sac. Note that the area at the foramen of Winslow (blue circle) appears normal.

C: Contrast-enhanced axial MDCT image at the level of the caudal part of the stomach body. Herniated jejunal loops
(white asterisks) are located in the lesser sac. Note that herniated jejunal vessels and mesenteric fat tissue (yellow
dotted circle) are intersecting the gastroepiploic vessels and converging toward the level just below the greater
curvature of the stomach.

D: Contrast-enhanced axial MDCT image at the level 4 mm caudal to C. Herniated jejunal loops (white asterisks) are
located in the lesser sac. Note that proximal and distal transitional points (orange arrowheads) are adjacent to each
another at the level just below the greater curvature of the stomach.

Ao, abdominal aorta; GB, gallbladder; GHL, gastrohepatic ligament; L, liver; LK, left kidney; P, pancreas; PV, portal
vein; RGEV, right gastroepiploic vessels; RK, right kidney; S, stomach body; Sp, spleen; and VC, inferior vena cava.
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the case of a patient with jejunal herniation into the lesser sac through a defect in the GCL. In this

patient, the preoperative diagnosis was based on MDCT findings, which were confirmed by surgery.

Case Report
A 72-year-old woman presented to our hospital with sudden onset of abdominal pain and repeated
vomiting starting 20 minutes after a meal. She was in good health except for history of rheumatoid
arthritis and cerebral infarction and surgical history of thyroid cancer. Physical examination
revealed abdominal distension and epigastric tenderness. No fever was noted. Laboratory tests were
within normal limits except for leukocytosis (white blood cell count, 11600/uL; neutrophils, 92.0%).
MDCT of the abdomen and pelvis was performed for further investigation. MDCT examination was

performed using a 320-detector-row CT scanner (Aquilion ONE; Canon Medical Systems, Otawara,

Figure 2. Coronal contrast-enhanced multidetector computed tomography (MDCT) image showing incarcerated
jejunum herniating into the lesser sac (white asterisks). Jejunal vascular pedicle (yellow arrows) is running upward
and passing through the hernia orifice (red arrows).

L, liver; RGEV, right gastroepiploic vessels; and S, stomach body.
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Figure 3. (A) Sagittal contrast-enhanced multidetector computed tomography (MDCT) image showing herniation and
incarceration of the jejunum (white asterisks) into the lesser sac. Herniated jejunal vessels and mesenteric fat tissue
(transparent arrows) are visualized as radiating forms and converging toward the hernia orifice (red arrows). Note
hernia orifice located in the anterocaudal aspect of the lesser sac. (B) Sagittal contrast-enhanced MDCT maximum
intensity projection image. Jejunal vessels show an abrupt change in direction (yellow arrows), running upward and
finally entering the lesser sac.

LK, left kidney; P, pancreas; S, stomach body; SF, stomach fundus; Sp, spleen; and TC, transverse colon.

Japan). The scan range was from the diaphragmatic dome to the sciatic tubercle. After non-enhanced
CT images were obtained, a multiphasic contrast-enhanced CT was performed. A nonionic iodinated
contrast agent containing 300 mg of iodine per mL (iohexol, Omnipaque-300; GE HealthCare Pharma
Co, Tokyo, Japan) was injected intravenously at a rate of 3.3 mL/sec using an automated injector.
Multi-phasic scans included arterial, portal venous, and delayed phases. MDCT (Figs. 1-4) showed a
cluster of fluid-filled and dilated small bowel loops surrounded by liver, stomach, spleen, and
pancreas; the observed cluster was anatomically located in the lesser sac. The stomach and the lesser
omentum were compressed in the ventral and cephalic directions (Figs. 1A, 1B, 2, 3, and 4). The
transverse colon was compressed caudally and dorsally (Figs. 3A and 4). The middle portion of the

transverse colon was slightly lifted superiorly (Fig. 4). Crowded mesenteric fat tissue and mesenteric
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liver stomach spleen

transverse colon superior mesenteric artery

Figure 4. Volume-rendered image showing the well-delineated anatomical relationship of the herniated jejunal loops
(light blue) with the surrounding abdominal organs. Note that the herniated jejunal vessels intersect the gastroepiploic
vessels and finally enter the lesser sac. Horizontal lines A, B, C, and D correspond to Figures. 1A, 1B, 1C, and 1D of
axial contrast-enhanced multi-detector computed tomography (MDCT) images, respectively.

vessels were seen as radiating forms converging caudally at the site of the cluster of fluid-filled and
dilated small bowel loops (Figs. 1C, 2, and 3A). At the level just below the greater curvature of the
stomach, proximal and distal transitional zones were close to each other (Fig. 1D). The mesenteric fat
tissue and mesenteric vessels of the jejunum abruptly turned upward from their normal position and
passed between the greater curvature of the stomach and the transverse colon to finally enter the
lesser sac (Figs. 2, 3, and 4). The area around the foramen of Winslow was normal (Fig. 1B). A small
amount of ascites was observed. Based on these computed tomography (CT) findings, the patient was
diagnosed with incarceration of the jejunum herniating into the lesser sac through a defect in the
GCL and underwent emergency surgery.

During surgery, a 70-cm-long jejunal loop was found to have herniated through a defect in the
GCL to become entrapped in the lesser sac (Fig. 5). The herniated jejunal loops were reduced and
repositioned. The initially observed congestion of the herniated jejunal loops and the peristalsis

rapidly improved. Thus, bowel resection was not required and the defect in the GCL was closed to
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A

Figure 5. (A, B) Intraoperative photographs. (A) Herniation of the jejunum into the lesser sac from ventral to dorsal
through the defect in the gastrocolic ligament (transparent arrow). (B) The defect in the gastrocolic ligament
(transparent arrow).

prevent relapse. The postoperative course was uneventful, and the patient was discharged on

postoperative day eight. Her subsequent course was uncomplicated.

Discussion

IH is a rare cause of small bowel obstruction, accounting for =5.8% of all cases of small bowel
obstruction”. IH involving the greater omentum accounts for approximately 1%-4% of all IH cases”.
IH entering the lesser sac through a defect in the GCL is an uncommon type of IH involving the
greater omentum®. The defect in the GCL can be congenital or acquired®®.

Recently, MDCT has become a major modality in the preoperative diagnosis of various types of
IHs*®. To the best of our knowledge, detailed MDCT appearance of IH into the lesser sac through a
defect in the GCL has not been reported in radiological literature.

The present case illustrates several characteristic CT findings of this IH type. First, the current
case was an IH involving jejunal herniation into the lesser sac. The lesser sac is an anatomical
potential peritoneal space that communicates with the greater peritoneal cavity through the foramen
of Winslow'. Normally, the lesser sac is collapsed and empty; it can be recognized posterior to the
stomach and anterior to the pancreas on CT'”. The second characteristic is the abnormal anatomical
course of mesenteric fatty tissue and vessels of the herniated jejunum. In the present case, the
mesenteric fatty tissue and vessels of the jejunum bent abruptly and ran cephalically, anterior to the
transverse colon just below the greater curvature of the stomach, to finally enter the lesser sac. The
third characteristic is the site of obstruction, i.e., the hernia orifice through which the small bowel
enters the lesser sac. The mesenteric fatty tissue and vessels of the herniated jejunum taper and
converge akin a bird’s beak toward the caudal side of the greater curvature of the stomach. In the
present case, the GCL was this site of convergence and the hernia orifice. On CT, gastroepiploic
vessels are the anatomical landmarks for the greater curvature of the stomach and the GCL*™. In the
present case (Fig. 6), combined coronal and sagittal MDCT images and the volume-rendered image

allowed the clear visualization of the herniation of the jejunum with the mesenteric fat tissue and
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Figure 6. (A, B) Illustrations of the current case of jejunal herniation into the lesser sac through a defect in the
gastrocolic ligament. (A) The coronal view. (B) The sagittal view.

AC, ascending colon; D, duodenum (horizontal segment); DC, descending colon; DSB, distal small bowel; GB,
gallbladder; GCL, gastrocolic ligament; GEV, gastroepiploic vessels; GO, greater omentum (free hanging part); L, liver;
LGEV, left gastroepiploic vessels; LO, lesser omentum; P, pancreas; PSB, proximal small bowel; RGEV, right
gastroepiploic vessels; S, stomach body; SB, small bowel; Sp, spleen; and TC, transverse colon.

vessels through the GCL defect and incarceration in the lesser sac. These CT findings closely
reflected the pathophysiology of this rare IH type, allowing preoperative diagnosis with high
confidence.

The differential diagnosis of IH into the lesser sac through a defect in the GCL includes lesser sac
hernia through the foramen of Winslow, lesser sac hernia through a defect in the lesser omentum, and
lesser sac hernia through a defect in the transverse mesocolon®. The key to differentiating these
distinct lesser sac hernias is to identify the hernia’s orifices®, which can be facilitated by MDCT.

In conclusion, the present case illustrates the MDCT findings of a patient with an IH entering the
lesser sac through a defect in the GCL. This case highlights the utility of MDCT in the diagnosis of
this rare-type IH. Knowledge of the anatomy of the omentum and lesser sac is key to correct

diagnosis.
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Abstract

A 16-year-old male patient with a bicuspid aortic valve developed aortic and mitral valve infective
endocarditis. The vegetation was mainly in the left atrium and had spread around the intervalvular
fibrous body. During surgery, we extensively excised the aortic and mitral valves with the
aortomitral continuity by combining Manougian aortic enlargement with an extended transseptal
incision. We replaced the mitral valve with a bioprosthetic valve and reconstructed the intervalvular
fibrous body with a bovine pericardial patch. Aortic root replacement was then performed. The
patient’s postoperative course was uneventful, and he was discharged following additional antibiotic
therapy.

Key Words: Infective endocarditis; Commando operation; Intervalvular fibrous body

Introduction
Extensive infective endocarditis with tissue destruction surrounding the aortomitral intervalvular
fibrous body (IVFB) is a challenging situation for surgeons. For such patients, the Commando
operation can be a practical treatment option. This procedure usually involves an extended incision
in the aortic and mitral annulus combined with reconstruction of the structures surrounding the
aortomitral IVFB. We herein describe a surgical case of extensive aortic and mitral infective

endocarditis for which we performed the Commando operation.

Case Report
A 16-year-old male patient was referred to our institution 1 week after developing a high fever,
visual field disturbance, and abnormal heart murmur. Echocardiography revealed severe aortic valve
insufficiency, a possible aortic root abscess, and extensive vegetation in the left atrium (Fig. 1).
Staphylococcus aureus was identified by a blood culture. We diagnosed the patient with aortic and
mitral valve infective endocarditis, which had spread around the aortomitral continuity. Because

cerebral bleeding was detected in the patient’s right occipital lobe by computed tomography (Fig. 2),

Received October 17, 2023; accepted April 9, 2024.

Correspondence to: Yasuyuki Bito, MD, PhD.
Department of Cardiovascular Surgery, Osaka City General Hospital,
2-13-22 Miyakojimahondori, Miyakojima-Ku, Osaka 534-0021, Japan
Tel: +81-6-6929-1221; Fax: +81-6-6929-1090
E-mail: ybito1131212@outlook.jp



Bito et al

(A) ) (B)

o 135 180

Figure 2. Computed tomography showing cerebral bleeding in the right occipital lobe.

the operation was postponed, and conservative antibiotic therapy was administered. However, the
infected tissue destruction was progressing rapidly around the anterior mitral annulus, leading to
severe mitral regurgitation (Fig. 3). Therefore, we decided to proceed with the operation despite the
risk of worsening cerebral hemorrhage.

During the surgery, we established cardiopulmonary bypass in the usual fashion through a
median sternotomy using bicaval venous cannulation with the ordinal amount of heparin. The aortic

wall adjacent to the left atrial roof looked deteriorated by the infection, which made us decide to
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(A) (B)

Figure 3. Tissue destruction had progressed around the intervalvular fibrous body (A), which led to severe mitral
regurgitation (B).

Figure 4. The infection had infiltrated around the aortomitral intervalvular fibrous body with massive vegetation.

replace the aortic root. After placing the aortic cross-clamp, we transected the ascending aorta near
the sinotubular junction and found that the patient’s aortic valve was a Sievers type 0 bicuspid valve.
The aortic subvalvular tissue had deteriorated from one of the commissures toward the ruptured
anterior mitral annulus. After resectioning the aortic valve leaflets, we made a vertical incision on
the aortic wall, crossing the aortic annulus to the anterior mitral annulus. Because the left atrial
wall close to the prior aortic incision was densely infiltrated by infected tissue, we made an extended
transseptal incision to expose the entire massive vegetation. The infection appeared to have spread
deep into the left atrial roof and the tissue surrounding the aortomitral IVFB (Fig. 4). We radically

excised the vegetation, anterior mitral valve leaflets, and infected tissues, resulting in a single large
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Figure 5. The large defect after debridement, including the mitral and aortic annulus.

Figure 6. Aortic annulus with the reconstructed aortomitral intervalvular fibrous body.
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Figure 7. Postoperative computed tomography showing the reconstructed aortomitral intervalvular fibrous body
(white arrow) between the aortic root and the prosthetic mitral valve (yellow dot circle).

orifice that included the aortic and mitral annulus (Fig. 5).

After placing horizontal mattress sutures on the posterior mitral annulus, we secured a
bioprosthetic valve at the mitral position. A folded trimmed bovine pericardium was simultaneously
affixed to the anterior prosthesis sewing ring. One tongue of the pericardium covered both the left
atrial roof and the atrial septum. The other side of the folded pericardium was applied for
reconstruction of the aortomitral IVFB up to the aortic valve annulus. Everted mattress sutures with
pledgets were placed on the aortic annulus, including on the region of the pericardium (Fig. 6). The
aortic root was replaced with a handmade composite graft with a Gelweave Valsalva graft and a
bioprosthetic valve. After the cross-clamp was released, another piece of trimmed bovine pericardial
patch was used to rebuild the right atrial wall.

The postoperative course was uneventful. We provided the intravenous antibiotic treatment for 6
weeks after the confirmation of the negative result from his blood culture. Computed tomography
demonstrated that the patient’s cerebral bleeding had not worsened and that the aortomitral IVFB

was well-reconstructed (Fig. 7).
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Discussion

The term “Commando operation” usually describes an operation in which the aortic and mitral
valves are replaced with reconstruction of the aortomitral IVFB. David et al originally reported this
operation, and their procedure was considered useful for patients with extensive infective
endocarditis or severe calcification that affects the aortomitral IVFB". However, this highly complex
technique requires intense anatomical knowledge and occasional alterations in the surgical technique
on an individual-patient basis®. In the present case, the infected tissue had severely infiltrated the
aortomitral IVFB and the left atrial roof, and visual inspection indicated that the overall surrounding
structure was affected, including the aortic root. We excised the suspicious tissue as much as possible
to avoid leaving any infectious tissue. Therefore, we had no choice but to perform a Commando
operation combined with aortic root replacement.

To expose the left atrium in the Commando operation, it is not always necessary to make an
extended transseptal incision through the right atriotomy, as performed in this case. The left atrial
roof can be opened following a Manougian incision”; however, in some cases, a broader view must be
obtained to accomplish the operative purpose by combining the Manougian incision with the atrial
septal incision, especially for patients with concomitant enhanced left atrial wall infection as in the
current case”.

We used a folded bovine pericardial patch to reconstruct the aortomitral IVFB and the left atrial
roof with the atrial septum. Another option is to use two patches affixed to the anterior mitral
prosthesis ring”. In addition, some authors have recently described a “hemi-Commando operation”,
in which the mitral valve is repaired”. This procedure can be feasible if the anterior mitral leaflet is
intact, and it is especially useful for younger patients because it avoids performing mechanical mitral
valve implantation. Additionally, the homograft can be suitable for the hemi-Commando procedure
because the aortomitral IVFB is usually seamlessly composed in the graft with the mitral valve and
aortic root”. Unfortunately, the anterior leaflet of the mitral valve in our patient did not appear to be
preserved, and homografts are not available in our institution.

For cases of endocarditis with cerebral bleeding, it is recommended to postpone the cardiac
operation for 4 weeks; otherwise, the bleeding can be lethal”. However, because of progressive cardiac
tissue destruction in our patient, we had no choice but to perform surgery approximately 10 days
after the onset of bleeding. Considering the patient’s age, a mechanical valve was deemed suitable;
however, because of the risk of worsening cerebral bleeding, a bioprosthesis was required to avoid

intense anticoagulation during the early postoperative period.

We treated a patient with destructive infective endocarditis by performing the Commando
procedure with aortic root replacement. Although the Commando operation is a complex and
challenging procedure that requires surgeons to have clear anatomical images and a steady
technique, it is sometimes an essential surgical option that can save patients in critical condition

requiring aortomitral IVFB reconstruction.
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