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Abstract

BACKGROUND

Preoperative conditions in pediatric liver transplant recipients are understandably
complex. Compared with adults, children have lesser compensatory abilities and
demand greater precision during procedural executions. In the setting of end-stage liver
disease, the heightened perioperative risk of coexistent cardiovascular pathology may
impact graft survival as well. Requirements for anesthesia and perioperative
management are thus more rigorous, calling for individualized treatments that reflect

specific cardiovascular constraints and proposed surgical plans.

CASE SUMMARY

Reports of perioperative anesthesia management and liver transplant prognostication in
pediatric patients with concurrent atrial septal defects are scarce. Herein, we detail the
course of liver transplantation in a child with dual afflictions, focusing on perioperative
anesthesia management and the important contributions of the anesthesiologist (pre-
and perioperatively) to a positive therapeutic outcome, despite the clinical hurdles

imposed.




CONCLUSION

Children with atrial septal defects bear substantially more than customary
perioperative risk during orthotopic liver transplants, given their compromised
cardiopulmonary reserves and functional states. Comprehensive preoperative
cardiovascular assessments, including use of agitated-saline contrast echocardiography
(to characterize intracardiac shunting) and multidisciplinary deliberation, may offer
insights into structural cardiac pathophysiologic effects and transplant-related
hemodynamic changes that impact new grafts. At the same time, active and effective
monitoring and other measures should be taken to maintain hemodynamic stability in
the perioperative period, avoid entry of bubbles into the circulation, and ease
congestion in newly grafted livers. Such efforts are crucial for transplantation success

and graft survival.
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Core Tip: Children with atrial septal defects bear substantially more than customary
perioperative risk during orthotopic liver transplants. Although perioperative
anesthesia management must reconcile individual cardiovascular constraints with
proposed surgical plans, published reports offering necessary guidance are scarce.
Herein, we address this complex scenario, focusing on issues of perioperative
anesthesia management. Comprehensive preoperative cardiovascular assessments, with
multidisciplinary input, may offer insights into structural cardiac pathophysiologic
effects and transplant-related hemodynamic changes that impact new grafts. Active,
effective hemodynamic monitoring and other measures are also essential during the

perioperative period to ensure transplantation success and graft survival.




INTRODUCTION

Biliary atresia (BA) affects 1-2 of every 15000 Live births and js the primary indication
for liver transplantation (LT) in the pediatric population!*?l. Congenital heart disease
(CHD) is the most common form of birth defect, atrial septal defect (ASD) being the
leading type of CHD (approximately 10%-15%)P} However, even among those born
with multiple congenital disorders, BA and CHD coexist in just 2%-3%4l. Preoperative
conditions of children requiring LT are complex. Compared with adults, their
compensatory abilities are less adept, and they demand greater surgical precision. The
combined burden of end-stage liver disease (ESLD) and existing cardiac pathology
stands to increase perioperative cardiac risk and affect graft survival. Anesthesiologists
must therefore individualize treatment, based on cardiovascular status and specific
surgical requirements. Unfortunately, reports of perioperative anesthesia management
in pediatric living-donor liver transplantation (LDLT) candidates with concurrent ASD
are scarce. The objective at present was to share our related experience and assess the
actual impact of ASD on LDLT outcome. We have thus detailed the applicable
therapeutic approach and discussed key aspects of perioperative anesthesia

management.

CASE PRESENTATION

Chief complaints
A female child, 2 years and 5 mo old, was admitted to our hospital for subsequent

LDLT.
History of present illness
The child had been seen at our hospital 1 year prior for pre-LT evaluation. She was then

placed on a waiting list for LT while being followed as an outpatient.

History of past illness




ASD and extrahepatic BA had been diagnosed shortly after birth. Biliary tract
exploration was done at 3 mo of age, performing a Kasai procedure (ie.,
portoenterostomy) to establish drainage. Stool color returned to normal

postoperatively, although liver dysfunction persisted in subsequent visits.

Personal and family history
The child’s parents denied any family history of other illnesses, such as respiratory and

nervous system disorders or malignant tumors.

Physical examination

At the time of transplantation (weight, 12.7 kg; height, 89 cm), the patient was conscious
and had stable vital signs. On room air, O saturation was 99% (without cyanosis).
However, there were several distinctive clinical features of advanced liver disease,
namely slightly jaundiced skin, a swollen but soft abdomen (liver palpable below
umbilicus), and inferior splenic border protrusion 7.2 cm below costal margin (although

soft, non-tender). A surgical scar (9 cm) of right abdomen was also visible.

Laboratory examinations
Various liver function tests were abnormal, including alanine aminotransferase [6'7/L
(normal, 6-45 U/L)], aspartate aminotransferase [71 U/L (normal, 20-60 U/L)], alkaline
phosphatase [427 U/L (normal, 145-320 U/L)], total bile acids [41.3 pmol/L (normal, <
10.0 pmol/L)], total bilirubin [22.5 pmol/L (normal, 5.0-21.0 pmol/L)], total protein
[64.7 g/L (normal, 66.0-83.0 g/L)], free faty acid [1516.7 pmol/L (normal, 129-769
pmol/L)], and fasting plasma glucose [2.87 mmol /L (normal, 3.9-6.1 mmol /L)]. Routine

blood and urine analytes otherwise tested normal, as did coagulation indices.

Imaging examinations
Color doppler ultrasound images of the abdomen revealed considerable cirrhosis, a

widened main portal vein, localized post-cholecystectomy dilatation of left intrahepatic




bile duct, and splenomegaly, in the absence of ascites. Preoperative transthoracic
echocardiography indicated an echoic interruption of middle and lower atrial septum,
0.3 cm across (slightly less than in prior year), with left-to-right red-colored streamers
detected by color Doppler flow imaging (Figure 1). Shunt velocity was not measured.
Agitated-saline contrast echocardiography (ASCE) was performed to further clarify the
nature of intracardial shunting. After injecting vibrated normal saline (3 mL) into
cubital vein, the right heart filled well. In resting state, few left heart air bubbles formed
during the third cardiac cycle; but many more (> 35 per frame) arose during the fifth
cycle, ostensibly from left and right upper pulmonary veins. Valsalva maneuver during
the third cardiac cycle also produced a flurry of bubbles (> 35/frame) within left heart.
These findings suggest atrial-level right-left shunting, pulmonary arteriovenous fistula

not excluded (Figure 2). No other determinative testing was attempted.

MULTIDISCIPLINARY EXPERT CONSULTATION

The Model for Pediatric End-stage Liver Disease score was 14561, Concurrent ASD was
also investigated in detail. Remarkably, cyanosis and digital clubbing were absent, and
lung auscultation was clear. We then assembled a multidisciplinary team (MDT) of
specialists in LT surgery, pediatrics, cardiology, cardiovascular surgery, ultrasound,
radiology, anesthesiology, and intensive care to discuss this child’s cardiovascular
profile, the feasibility of LDLT, and any need for specific cardiac interventions before
proceeding. In their expert assessments of her cardiovascular integrity, no intervention
for ASD was deemed necessary in advance of LDLT. However, continued perioperative
hemodynamic stability would be essential to optimize chances of a positive graft

outcome.

FINAL DIAGNOSIS

Our final diagnoses, including historical information provided, were congenital biliary

ASD.




TREATMENT

Upon admission, the child received compound glycyrrhizin tablets (for hepatic
protection) and ursodeoxycholic acid capsules (to relieve cholestasis) as oral
symptomatic treatments. Once in the operating room, standard monitoring practices of
the American Society of Anesthesiologists were implemented and initial vital signs
recorded [blood pressure (BP), 96/48 mmHg; heart rate (HR), 99 bpm; pulse oxygen
saturation, 100%]. Continuous invasive BP readings were obtained by radial artery
catheterization, using the femoral artery for pulse-induced contour cardiac output
(PiCCO) analysis. Given the potential for intracardiac shunting, it was mandatory that
all veins and monitoring lines be free of air bubbles (regardless of their direction),
preventing entry of gas into the circulation for the duration of the procedure. The LT
procedure took place under general anesthesia, induced by midazolam, propofol, and
sufentanil after 100% preoxygenation. Following cisatracurium delivery, orotracheal
intubation (4.0 mm tube) was performed. Anesthesia was then maintained via
sevoflurane, oxygen/air mixture, sufentanil, and propofol, adding cisatracurium for
muscle relaxation. We kept intraoperative mean arterial pressure (MAP) at 60-70
mmHg, HR at 90-120 bpm, and hematocrit (Hct) at just under 30%. Central venous
blood gas analyses (i.e., electrolytes, Hct, and lactate levels) were run after the operation
began, 5 min before anhepatic phase, 5 min before and 1 h after perfusing the new liver,
and prior to completing the operation (Table 1).

Perioperative infusions of isosmotic solution (compensating for loss to third space),
glucose (for normoglycemic maintenance), and albumin (as volume expander) were
sufficient to maintain hemoglobin at approximately 8-10 g/dL. Fluid input and output
totals recorded during surgery are listed in Table 2. The entire operation lasted 6 h and
40 min, including a pre-anhepatic stage of 3 h and 36 min and an anhepatic stage of 35
min. No significant procedure-related pulmonary or hemodynamic derangements
occurred. Using a right-liver split graft, the surgical team chose a piggyback technique
that proved successful. The still-intubated patient was taken to the intensive care unit

(ICU) under sedation. Once extubated (Day 1 after surgery), inhaled O2 was supplied by




nasal catheter. No postoperative jaundice was evident. The successfully transplanted
liver performed well immediately, producing gradual declines in transaminase and INR
values. ICU release was on postoperative Day 4. The patient was uneventfully

discharged 17 days post-transplantation, returning home.

OUTCOME AND FOLLOW-UP

During the 1-year postoperative follow-up period, the graft functioned consistently
well. Liver ultrasound and enhanced abdominal computed tomography (CT) scans
acquired periodically indicated no obvious abnormalities of the grafted liver, and
hepatic blood flow velocity was normal. The child also displayed good growth and
development, showing greater capacity for exercise endurance and no symptoms of
poor heart function (i.e., shortness of breath, skin cyanosis, or frequent colds).
Consequently, such studies were abandoned, and no cardiac surgery was conducted

after LDLT.

DISCUSSION

LT is now the standard of care for pediatric patients with ESLD and metabolic disorders
involving the liver. However, children with CHD who undergo LT procedures may
experience severe hemodynamic fluctuations during the perioperative period due to
their cardiac defects and limited myocardial reservesl78l. In our patient, we were
obliged to consider whether her heart might withstand the LT procedure, and whether
the graft would survive well postoperatively. Perioperative risks, such as sudden right
ventricular failure, possible volume overload, and severe congestion of the new graft,
may heighten the risk of postoperative transplant failure. A series of 14 pediatric
patients with ASD and ESLD, all candidates for orthotopic LT (OLT), has been reported
previously by Concejero et all%l. The authors concluded that in pediatric patients with
variably sized ASDs but stable preoperative hemodynamics, there is apparently no
impact on outcomes of LT. Tam ef all1l have also examined a small and similar case

series, with comparable perioperative and long-term outcomes. Nevertheless, an




editorial by Pigula et all"!l still contends that treatment of comorbidities must be a
priority if disease combinations are complex. The risk of performing OLT in pediatric
patients with unrepaired CHD is therefore believed prohibitive, but no criteria are yet
defined to prioritize care. Although a number of studies have addressed either single
cases or limited numbers of children with CHD who undergo LT, few articles offer
detailed perioperative anesthesia management and prognostication of LT in the setting
of ASD. The present report describes a pediatric candidate for LT with ASD, focusing
on perioperative anesthesia management. It also highlights the important contribution
of anesthesiologists to positive therapeutic outcomes in this complex clinical situation

through their preoperative evaluations and perioperative diligence.

Preoperative assessment and preparation

In pediatric LT candidates, especially those with CHD, preoperative evaluations and
preparatory activities are key measures for surgical success and postoperative graft
survival. Detailed medical histories and physical exams performed upfront may expose
relevant ongoing patient issues. Preoperative assessments for pediatric LT procedures
are aimed at nutrition, growth and development, cardio hepatic and renal function,
respiratory and central nervous system compromise, coagulation status, and internal
environment/electrolyte standing. A comprehensive preoperative assessment of the
cardiovascular system is especially importantl!2. In patients with CHD, the
anesthesiologist must fully appreciate in advance of surgical proceedings the nature
and pathophysiology of an existing disorder, the current level of cardiopulmonary
function, and a patient’s exercise capacity. For ASD specifically, this includes an
awareness of defect type and size, cardiac reserve, shunt conditions, and extent of
cyanosis.

A complete plan for anesthesia must be formulated beforehand, based on thorough
understanding of the patient's pathophysiologic state and severity of clinical symptoms,
making cardiac preparations as needed. Communicating with both child and parents

and educating them on the process of anesthesia are essential parts of the patient visit




that serve to ease anxiety levels’*l. ASCE is a simple and easy method for examining
various aspects of the right ventricular system, aiding in recognition of subtle
morphologic anomalies or characterization of blood flow (patterns/timing) through
suspected cardiac shunts or lesions(4l. One may inspect compartmental anatomic
structures and flow dynamics to help differentiate intracardiac (i.e., patent foramen
ovale, ASD) from extracardiac (i.e., pulmonary arteriovenous fistula) right-to-left
shunting. If performed before surgery, ASCE affords better definition of a child’s
cardiovascular status and existing shunt, suggesting possible preemptive repairs and
bolstering intraoperative hemodynamic stabilization efforts.

Preoperative planning in such complex and difficult cases also calls for MDT input
to optimize the decision-making process!'>1l Unlike a single-source diagnostic and
treatment model, MDT management may actually improve diagnostic accuracy and
broaden therapeutic options or rationales!'”). The various experts work in concert to
formulate scientific, reasonable, and standardized plans that minimize misdiagnosis
and treatment errors, inspiring the best possible choices and greatly enhancing patient
prognoses. We convened a MDT to discuss the condition of this pediatric patient. Given
her cardiovascular status and hepatorenal function on admission, we debated whether
major surgery of this sort would be tolerated and questioned the appropriateness of
prior medical treatment, defect correction, or concurrent heart-liver transplantation.
This discourse guided perioperative anesthesia management as well. Pertinent narcotics
and rescue agents should be prepared before anesthesia induction. All drugs and
required items must be within easy reach, and all equipment should be in standby
mode. Crying upon entry to the operating room should be avoided to mitigate its
hemodynamic impact. All invasive procedures should be conducted as late after

sedation or anesthesia induction as possible.

Principles of anesthesia mmanagement
In pediatric patients with ASD, substantial hemodynamic instability may occur during

and after LT procedures (depending on defect extent and available cardiac reserve)['®l




and potentially increase chances of new graft failure. Chronic cholestatic disease may
also culminate in cirrhotic cardiomyopathy, marked by reduced cardiovascular
responsiveness to stress, hypotension during anesthesia, and diminished sensitivity to
catecholamines or vasopressors, clearly elevating perioperative cardiac risk. Various
monitoring and treatment measures are therefore essential to maintain intraoperative
hemodynamic stability. Intracardiac shunts may be bidirectional, causing hypoxemia,
exaggerated pulmonary blood flow, and greater risk of intraoperative embolic events
(i.e., air embolism). However, anesthesia-related maneuvers, such as positive-pressure
ventilation, may help by redirecting abnormal flow. Given the particular manner of
shunting associated with ASDs, any actions taken during anesthesia and surgery must
not allow air into the circulatory system to permit distal organ embolization.
Reperfusion is another phase during which embolism may occurl!”l. Surgeons are
reminded to flush donor organs very carefully, ensuring that no air enters during
vascular anastomoses. Reducing congestion in a new graft will improve its viability and

promote functional liver recovery.

Intraoperative anesthesia management

It is best to individualize intraoperative anesthesia management in these patients, based
on the primary underlying disease, type/features of existing CHD, present
hemodynamic status, internal environmental conditions, and observed electrolyte
disturbances. Adopted plans should include optimal drug dosing, appropriately
regulated ventilatory settings, and customized patient monitoring, regularly analyzing
blood gases and testing coagulation function. If conditions permit, muscle relaxation,
intraoperative transesophageal echocardiography (TEE), and Doppler imaging of
hepatic blood flow may be pursued. PiCCO monitoring is recommended to track
hemodynamic changes and manage circulatory volume more effectively. Post-
reperfusion syndrome (PRS)22llis a serious transplant-related problem, especially in
children with CHD. The fundamental objectives are to actively manage

pathophysiologic changes upon portal vein flow restoration (to new liver), maintain




stability of vital signs and the internal environment, and promote functional hepatic
recovery. Once hepatic flow is re-established, the CVP level should not exceed 10
mmHg under stable BP conditions. The new liver should also be checked for unwanted

hyperemic swelling.

Circulatory volume management

Volume management is a difficult aspect of LT anesthesia in children with ASD. Goal-
directed fluid therapy is one means of accurately guiding intraoperative fluid
deliveryl2223l. The various stages of LT procedures call for different strategies and
vasoactive drug rationales to accommodate a range of surgical maneuvers and prevent
potential fluid imbalance, whether overload or deficiency. Circulatory data monitored
by PiCCO may help guide volume management and vasoactive drug delivery to
improve the perfusion of important organs. Parameters such as cardiac output (CO),
cardiac index (CI), and others are tracked accordingly to assess the whole-heart index
(reflecting cardiac function overall), thus largely avoiding pulmonary arterial catheter
placement(?!l, PiCCO monitoring is especially suited for patients plagued by
hemodynamic instability or volume uncertainty25l. TEE is similarly used to ascertain
volume and contractility, thus guiding fluid management and inotropic therapy, and

may be applied in complex cases as conditions permit.

Fluid management

Overall, human serum albumin is still the best available colloidal solution. Albumin is
primarily given for preoperative volume expansion, increasing its concentration in
children with severely low protein levels and voluminous ascites. Compound sodium
acetate (without lactic acid) is also a suitable crystalloid for LTR®l. The incidence of
hypoglycemia during pediatric LT is relatively high, so we routinely use 100 mL of 5%
glucose and adjust the rate to blood glucose levels. Normal saline is not recommended
for pediatric LT, given the potential for hyperchloric acidosisi??l. Red blood cell

suspensions are infused at hemoglobin (Hb) levels < 7 g/dL to maintain Hb within a




specified range (> 8 g/dL and < 10 g/dL). Plasma is infused in children with severe

coagulation insufficiency (prothrombin times > 16 s).

Acid-base balance and electrolyte management

Arterial or venous blood gases should be analyzed at all major perioperative stages of
pediatric LT for dynamic monitoring of internal environmental fluctuations. Metabolic
acidosis is the most common type of acid-base disturbance during LT. Children
generally tolerate mild or moderate metabolic acidosis, but extreme levels (beta-
hydroxybutyrate < -6 mmol /L) warrant 5% sodium bicarbonate solution. Perioperative
electrolyte derangements are quite common, so appropriate electrolyte preparations

may be used to supplement levels, based on blood gas analytics.

Monitoring of coagulation function

Because preoperative coagulation is abnormal in most of these children,
thromboelastography (TEG) is advocated as a means of dynamically monitoring
coagulation function during the perioperative period(?8l. TEG enables comprehensive
assessment of the entire coagulation process, including fibrinolysis and platelet
function. Clotting substances should be carefully administered during the reperfusion
phase to avoid intensifying the risk of portal vein or hepatic artery thrombosis.
Anesthesiologists should assess surgical field bleeding and dynamic coagulation
monitoring in tandem to maintain states of mild hypocoagulability in children. High
blood viscosity and hematocrit levels may also reflect a predisposition to intraoperative

thrombosis, so mild perioperative anemia should be maintained.

Temperature monitoring

Intraoperative temperature monitoring should be done routinely. Blood temperatures
measured by PiCCO catheter may detect core changes quicker and more accurately than
nasopharyngeal and esophageal probesl®’l. Heat preservation measures should be

strengthened during operations, increasing ambient temperature of the operating room




if needed and using HOTLINE fluid warmers (Smiths Medical Inc, Minneapolis, MN,

United States) or variable temperature blankets.

Postoperative management

A favorable postsurgical prognosis and careful postoperative management are
inseparably linked. Once a child is transported to the ICU, continuous assessments of
heart, lung, kidney, and other critical organs are imperative. Similarly, volume
resuscitation and needed blood product infusion, correction of coagulation dysfunction,
hemodynamic and internal environmental stability, positive trends in new liver
function, and timely detection/treatment of complications are of utmost importance.
Appropriate sedation and proper pain management may improve respiratory function
and help shorten durations of ventilatory assistancel2?l. Timely tracheal tube removal
reduces the risk of lung infections as well. Through active and effective postoperative
management, the majority of pediatric patients with CHD do well after LT procedures,
experiencing no prolonged ICU stays or high morbidity. Their long-term prospects are

excellent, some achieving resolution of cardiac issues!?l.

CONCLUSION

Each pediatric patient demonstrates unique physical and pathophysiologic profiles, so a
fixed therapeutic plan is usually ill-advised. One must individualize treatment
strategies in a team effort, forging surgical success through good communication. As
important members of a successful team, anesthesiologists must prove more flexible
and creative under certain conditions. Children with ASD are at substantially greater
than usual perioperative risk during OLT, given their limited cardiopulmonary reserves
and functional states. Comprehensive preoperative cardiovascular assessments, rooted
in ASCE use (to delineate intracardiac shunting) and MDT treatment planning, enable
fuller appreciation of structural cardiac pathophysiologic effects and LT-related
hemodynamic changes that impact new grafts. Active, effective monitoring and other

measures must also be implemented to maintain hemodynamic stability during




perioperative periods, avoid entry of bubbles into the circulation, and ease congestion

in new grafts, all crucial for LT success and graft survival.
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