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INTRODUCTION 
 
Pediatric intestinal transplantation (ITx), performed either in isolation or in combination with 
the liver or multivisceral transplantation, is an uncommonly performed surgery that is complex 
and challenging. It is the main treatment modality for progressive intestinal failure- associated 
liver disease, progressive loss of central vein access and repeated admissions requiring critical 
care management.1 Previously reported challenges for the anesthesiologist include establishing 
vascular access, managing hemodynamics, and fluid and electrolytes management.2 Existing 
literature mainly report perioperative anesthesia management of ITx in the adult population2–4 
with scattered cases reports of the pediatric ITx anesthesia management experience.5 In this 
case series, we aim to evaluate a tertiary pediatric hospital’s perioperative management of 
patients undergoing ITx between 2012 to 2023 and identify best practices to optimize 
perioperative anesthetic care.  
  
METHODS 
 
We received approval from the hospital’s Research Ethics Board, who granted a waiver for 
written consent. Cases were identified from the intestine transplant patient list which tracks all 
children who have received ITx (isolated, combined liver-intestine or multivisceral) between 
January 2012 to August 2023. Data was obtained from a combination of the intestine transplant 
patient list and electronic medical records. Demographic information such as recipient and 
donor age, weight, height, sex was collected. Patients’ electronic medical records were 
interrogated for 1) preoperative data comprising comorbid or etiologic information, indication 
for transplant, pretransplant laboratory and pathological investigations, 2) intraoperative 
information including operative timings, choice of anesthetic and pain management modalities, 
volume of fluids and blood products administered, maximal doses of vasopressors and inotropic 
agents, number of central and peripheral vascular access, duration of postreperfusion 



syndrome (30% reduction in mean arterial pressure for at least one minute within ten minutes 
of unclamping), perioperative cardiac and respiratory complications, hypothermia, and 3) 
postoperative length of intensive care unit (ICU) stay, days to extubation, 30-day return to the 
operating room (OR), and one-year graft and patient survival. Data reporting consisted of 
median [interquartile range (IQR)] for continuous variables, and number (percentage) for 
categorical variables. 
  
RESULTS 
 
Eleven patients, median age 9.2 yr [range, 0.7–13.3] underwent ITx between 2012–2023. 
Eighty-one-point eight percent were male. Predominant diagnosis was Gastroschisis (45.5%) 
while progressive liver disease (54.5%) was main indication for transplant. Forty-five-point five 
percent had isolated ITx, 36.4% multivisceral transplant, 18.2% liver and intestine transplant. All 
patients had at least one central venous catheter placed by interventional radiologist. Median 
volume of red cells transfused was 24.4 mL·kg−1 [IQR, 21.4–74.3], FFP 40.3 mL·kg−1 [IQR, 21.4–
7.8]. Median volume of crystalloids was 65.2 mL·kg−1 [IQR, 48.8–98.6], colloids 36.2 mL·kg−1 
[IQR, 12–49]. For analgesia, all patients had opioid infusion. Thirty-six-point four percent 
patients received bilateral transversus abdominis plane block. Twenty-seven percent of patients 
were extubated in OR with median ICU stay of 3 days [range, 1–17]. One patient had post 
reperfusion syndrome at five minutes, while most (72.7%) patients were hypothermic (T < 35 
°C). To date, one-year patient and graft survival is 100%.  
 
DISCUSSION 
 
Isolated and combined ITx in pediatric patients involves a high-risk population and poses 
significant challenges to the anesthesiologist. The anesthetic management should focus on:  
1) preoperative planning for establishment of central and peripheral intravenous access with 
consideration for involvement of interventional radiology; 2) consider regional techniques for 
optimal analgesia; 3) anticipation of potential PRS by titrating inotropes prior to unclamping to 
raise mean arterial pressure 20% above baseline; 4) careful fluid management with crystalloids 
as the main fluid of choice; and 5) maintenance of intraoperative normothermia. 
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INTRODUCTION 
 
In pediatric anesthesia, caregiver comprehension is crucial for informed consent, given the 
unique challenges of assuming responsibility in the absence of patient consent. Consent relies 
on disclosure, comprehension, and voluntary choice; yet research in pediatric consent 
highlights a gap in caregiver comprehension and retention.1 Ineffective consent can limit 
informed health care decisions and reduce trust in providers, impacting patient satisfaction and 
anesthesia outcomes.2 Prior studies have demonstrated visual aids (VA) to be effective in 
various hospital settings, such as for procedural sedation in the pediatric emergency 
department, yet their impact in pediatric anesthesia remains understudied.3,4 Caregivers were 
most uncertain about common side effects, major complications, postoperative planning/pain 
management, and reasons for fasting guidelines.5 This study aims to develop and evaluate a 
visual aid for pediatric anesthesia consent, with the anticipation of enhancing caregiver 
understanding and recall of risks associated with general anesthesia. 
 
METHODS 
 
This randomized controlled trial involves caregivers of pediatric patients undergoing 
noncomplex elective surgeries under general anesthesia. Patients were randomly assigned to 
one of two groups: those undergoing the anesthesia consent process through standard verbal 
methods and those receiving verbal consent facilitated by a visual aid. The VA design describes 
general anesthesia with a pictorial representation of 15 common events and risks of anesthesia 
tailored to the pediatric population. Patients randomized to the standard consent method 
spoke with anesthesia providers based on their own personal practices, however, with an 
emphasis on common events/risks highlighted in the visual aid. After the consent process, a 
standardized questionnaire was administered to gather patient and caregiver characteristics 
and to evaluate caregiver recall and satisfaction, employing a 5-point Likert scale. Exclusion 
criteria: major or emergency surgery, American Society of Anesthesiologists Physical Status IV 
or V, non-English speaking, pediatric patients consenting themselves, and caregiver refusal. 
Complex procedures were excluded because of differing risk profiles associated with 



anesthesia, and because of the possibility of excess preoperative anxiety confounding recall 
rates. Statistical analysis includes descriptive statistics, t tests, and linear regression. 
 
RESULTS 
 
In the preliminary data, 96 patients participated (52 assigned VA, 44 assigned standard). 
Parents consented with VA demonstrated significantly higher recall of risks and events than 
those consented using standard methods (mean, 4.3 vs 1.8; difference, 2.5; 95% confidence 
interval, 1.7 to 3.4). Seven-point-seven percent did not recall any risks/events in the VA group 
vs 25% in the standard group (P < 0.05). Both groups overwhelmingly found the information 
easy to understand and nonthreatening, reporting an excellent overall experience and agreeing 
the time allocated to consent to be appropriate. Despite exploring variables such as patient 
age, history of anesthesia exposure, caregiver education, gender, and caregiver’s own exposure 
to anesthesia, linear regression models did not reveal any significant correlations with recall 
rates and these variables. A multivariate model incorporating these predictors yielded an 
adjusted R² of 0.241. 
 
DISCUSSION 
 
Integrating visual aids proves promising, as this study reveals significant disparities in recall 
rates between the VA and standard anesthesia consent groups. Despite good comprehension of 
the anesthesia process, a substantial proportion of caregivers in the standard consent group 
failed to recall crucial information, highlighting the limitations of verbal communication alone. 
Future efforts should focus on optimal delivery methods, with consideration to timing, and 
medium, online, or physical aids, to enhance caregiver comprehension and allow time to plan 
questions for the day of surgery. Adapting the VA for self-consenting pediatric patients holds 
the potential for broader application. 
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INTRODUCTION 
 
Intraoperative hypovolemia is a leading cause of cardiac arrest during pediatric surgery.1 
Successful resuscitation is more likely when the underlying etiology is addressed making rapid 
and accurate etiological diagnosis critical.   

Patients with improved cardiac output after intravascular volume resuscitation are 
termed fluid responsive, with fluid responsiveness generally defined by an increase in cardiac 
output by more than 15% in response to a bolus of intravascular fluid.2 The abdominal 
compression test (ACT) is used in some pediatric intensive care units to determine if a patient is 
fluid responsive.3 The test is based upon the reversible increase in cardiac preload with external 
pressure applied over the liver.4 Despite its common use, the ACT has limited study in children, 
with no identifiable previous studies in children during the intraoperative period.3 This study 
aimed to determine whether the abdominal compression test can accurately identify fluid 
responsive pediatric patients undergoing general anesthesia.   
 
METHODS 
 
A prospective, self-controlled, observational, diagnostic study was conducted following local 
Research Ethics Board approval. Consenting eligible participants included: ages between three 
months to 17 yr, American Society of Anesthesiology Physical Status I–III, undergoing elective 
procedures under general anesthesia scheduled for at least 30 min. Participants were excluded 
if they had hepatosplenomegaly, portal hypertension or an abdominal wall abscess. 

The ACT included manually applying sustained 20–25 mm Hg pressure (calibrated using a 
sphygmomanometer) over the patient’s right upper quadrant for approximately ten seconds. 
Two ACTs were performed on each patient during general anesthesia: first prior to the surgical 
procedure and before intravascular fluid administration (Time 1), second after procedure 
completion, intravascular fluid loading, and prior to anesthesia emergence (Time 2). Ultrasound 
cardiac output assessment (Zonare ZS3 Ultrasound System, C9-3 probe; San Jose, CA, USA) was 
assessed by velocity time integrals (VTI) measured at the left ventricular outflow tract before 



and after each ACT.  All ultrasound images and measurements were reviewed by a pediatric 
cardiologist to ensure adequate quality.  

The primary outcome was % VTI change before and after each ACT, stratified by study 
assessment (Time 1 and 2); secondary outcomes included the assessment of ACT diagnostic 
accuracy to diagnose fluid responsiveness.  
 
RESULTS 
 
Thirty-eight patients were enrolled in this study including 23 males and 15 females, median age 
52 months [IQR, 28.0–80.3], median weight 17.2 kg [IQR, 12.4–22.9], median preprocedural fast 
235 min [IQR, 169–571], median intravenous fluids administered between first and second ACT 
14.5 mL·kg−1 [8.7–20.3], median time between first and second ACT 44.4 min [IQR, 31.7–70.4).  

At Time 1 (before intravascular fluid administration) the median VTI increase with ACT 
was 19.1% [IQR, 8.2–23.8]; at Time 2 (after fluid administration) the median VTI increase with 
ACT was 5.7% [IQR, 3.3–9.7] (Figure).  The diagnostic accuracy of the ACT to assess fluid 
responsiveness as evaluated by the area under the receiver operating characteristic curve is 
0.91 (0.81 to 1.00).  
 
DISCUSSION 
 
In a controlled operative room environment of otherwise healthy children, the ACT increased 
cardiac output to a greater extent in relatively hypovolemic children (Time 1) compared with the 
children who are generally volume replete (Time 2). The area under the receiver operating 
characteristic curve assessment of ACT to diagnose fluid responsiveness is 0.91 (0.81 to 1.00); a 
measurement described as excellent diagnosis accuracy.5 Our findings suggest the abdominal 
compression test is a simple, useful clinical bedside tool to identify fluid responsive patients, 
although further study is warranted.    
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Figure Box and whisker plot of percent change in velocity time integral (cardiac output 
assessment) from pre- to postabdominal compression tests at first (time 1) and second (time 2) 
study assessments 
 

 
 
*The boxplots contain the median (dark line in middle of boxes), interquartile range (upper and 
lower edges of the box), and upper and lower limits (1.5* interquartile range). This is also 
mentioned in a comment in the abstract.  


