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ABSTRACT 
Background: Liver biopsy is a fundamental diagnostic tool in clinical hepatology, also 

playing a crucial role in the prognostication and management of liver diseases. Previous 
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studies at various centres have examined liver biopsies in the context of liver disease 

workups, including indications, histological findings and procedural complications. 

Objectives: To ascertain the role of liver biopsy in the evaluation of patients with liver 

diseases at Red Cross War Memorial Children’s Hospital (RCWMCH) over a six-year 

period. 

Method: This retrospective descriptive study includes all paediatric patients who underwent 

liver biopsies at RCWMCH between 01/01/2018 and 30/06/2023.  

Results: Seventy-five patients were screened for eligibility; six were excluded due to missing 

data and files, subsequently the study comprised of sixty-nine participants. Most liver 

biopsies were performed percutaneously under ultrasound guidance (n=45, 65%). There were 

three (4.3%) major complications, and no minor complication. The tissue yield was 95.7% (n 

= 66), with histopathological findings guiding clinical management in 50 patients (72%). 

Most frequent diagnoses were biliary atresia and autoimmune hepatitis. The commonest 

indications for liver biopsy were hyperbilirubinemia and suspected graft rejection.   

Conclusion: Although liver biopsy is an invasive procedure, if guidelines are adhered to and 

performed by experienced staff it can be justified when using standard indications as it has a 

low complication rate in our setting and directly influence management in the majority of 

cases  
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CHAPTER 1: INTRODUCTION 

1.1 Context 

Despite advancements in radiological and genetic diagnostic modalities, liver biopsy remains 

integral to the management of liver disease, facilitating diagnosis, therapeutic decisions, and 

prognostic assessment [1]. Previous studies have consistently demonstrated the high 

diagnostic yield of liver biopsy; however, its clinical impact on patient management varies 

considerably, with reported utility ranging between 36.2% to 70% [2,3,4, 5, 6 &7] 

The advent of genetic testing has significantly reshaped the role of liver biopsy in diagnosing 

neonatal cholestasis. Next-generation sequencing (NGS) technologies enable rapid and 
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comprehensive genome analysis, facilitating the identification of novel genetic causes of 

neonatal cholestasis [8].  

Targeted gene panels have enhanced the diagnostic precision for various genetic disorders, 

including: Alagille syndrome, associated with JAGGED1 and NOTCH2 mutations, Citrin 

deficiency, caused by SLC25A13 mutations, and Progressive familial intrahepatic cholestasis 

type 3, linked to ABCB4 mutations [8]. 

Previous work has demonstrated the clinical utility of next-generation sequencing in 

diagnosing intrahepatic cholestasis. For instance, Wang et al. identified potential genetic 

diagnoses in 22% of patients by sequencing 61 cholestasis-related genes in 141 individuals. 

Similarly, a study in Japan reported a 26% genetic diagnosis rate in 109 patients with 

neonatal cholestasis [9,10]. However, the role of genetic testing in diagnosing neonatal 

cholestasis within the South African context remains to be fully elucidated. 

According to the 2015 guidelines published by the European Society for Paediatric 

Gastroenterology Hepatology and Nutrition (ESPGHAN), indications for liver biopsies in 

children are categorized into two primary groups: biopsies of the graft liver and biopsies of 

the native liver. The latter category is further subdivided into diagnostic biopsies and biopsies 

in patients with known liver disease. Table: Supplemental Digital Content 1 below delineates 

the specific indications within each category [1]. 

In a study conducted in Mexico, suspected autoimmune hepatitis (AIH) and transaminitis of 

unknown origin were the most frequent indications for liver biopsy in the native liver [11]. 

Similarly, a single-centre study at the British Columbia Children’s Hospital identified elevated 

liver enzymes and cholestasis as the primary indications for liver biopsy in the native liver [12].   

A study in Sudan reported cholestatic jaundice and hepatomegaly as frequent indications for 

liver biopsy [13]. However, comparable data specific to the South African context remains 

scarce, with limited published studies addressing the indications for liver biopsy in this setting. 

The main indication for liver biopsy on a graft liver is suspected graft rejection, other 

indications include work up for suspected recurrence of the primary disease or per protocol 

liver biopsy.  

Histological findings in the native liver, as reported in one study, included chronic hepatitis, 

metabolic liver disease, cirrhosis, and neonatal hepatitis [14]. In 2000, the Ga-Rankuwa 
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Hospital Histopathology Laboratory in Pretoria identified neonatal hepatitis and biliary atresia 

as common histological findings, while metabolic liver disease was noted to be rare. [15]  

Common histopathological findings in graft liver include fibrosis, chronic hepatitis, and 

steatosis, all of which are associated with late rejection or poor compliance with 

immunosuppressive therapy [16,17].  

Complications associated with liver biopsy are broadly categorized as major and minor. Major 

complications encompass significant bleeding requiring blood transfusion, pneumothorax, and 

mortality, whereas minor complications include post-procedural pain, sub-capsular bleeding 

that does not necessitate transfusion, and minor bile leakage [1].  

Minor complications occur more frequently than major complications, with post-procedural 

pain being the most reported minor complications, while symptomatic bleeding is the most 

prevalent major complication [12,18] 

Findings from a retrospective cohort study in Beijing highlighted thrombocytopenia, age under 

18 years, and multiple needles passes as significant independent risk factors for bleeding [19] 

A Japanese study reported a major complication prevalence of 0.5%, with a higher occurrence 

in native liver patients compared to graft liver patients (1% vs. 0.2%). Among native liver 

patients, identified risk factors for major complications included younger age, liver 

malignancies, and coagulopathy, whereas younger age alone was a significant risk factor in 

graft liver recipients [20]. The heightened risk associated with liver biopsy in younger patients 

underscores the necessity of exploring alternative investigative modalities for neonatal 

cholestasis. 

The incidence of pneumothorax has been linked to the intercostal approach in liver biopsy. 

However, its prevalence remains low and was reported to be 0.2% in 1 study [21]. Likewise, 

the risk of mortality following liver biopsy is minimal, further reinforcing the procedure’s 

favourable safety profile [12,22] 

1.2 Aim: 

Our aim is to describe the experience of liver biopsies at Red Cross War Memorial Children’s 

Hospital (RCWMCH), one of the two centres in the Western Cape province who perform liver 

biopsies and the only centre performing paediatric liver transplants in the province. 
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We aim to document our indications, histological findings-including liver cirrhosis- methods, 

approach, the team performing the liver biopsy, number of passes, baseline coagulation status 

and if in line with internationally acceptable guidelines. We will compare the native and 

transplant group 

1.3 Objectives:  

The objectives of this study encompass the identification of major and minor complications, 

alongside an evaluation of the risk factors contributing to these adverse events. Additionally, 

the study seeks to determine whether our complication rates align with internationally 

established rates. Furthermore, it aims to assess the clinical impact of liver biopsy findings on 

subsequent patient management strategies. 

Major complications are defined as either bleeding that require blood transfusion, development 

of a pneumothorax or death within 3 days of the liver biopsy. Minor complications are defined 

as pain or bleeding that does not require blood transfusion. 

Bleeding will be assessed based on documented ultrasound findings in cases of percutaneous 

ultrasound-guided liver biopsy, intraoperative observations during laparoscopic liver biopsy or 

laparotomy, and instances where bleeding was identified during relook laparotomy following 

the liver biopsy. 

Pain will be evaluated based on recorded complaints of discomfort or the requirement for 

additional analgesia beyond the prescribed regimen.   

Clinical utility of the liver biopsy results will be assessed on how the biopsy results impacted 

on further management of the patients. This encompasses initiating new therapeutic 

interventions, continuing existing treatment, opting for conservative management, and disease 

prognostication informed by the stage of progression as indicated by the presence of liver 

cirrhosis. 
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Liver biopsy samples deemed inadequate for histological evaluation, and those failing to 

directly influence patient management, will be considered clinically non-contributory 

1.4 Chosen journal for publication 

We have selected the Journal of Paediatric Gastroenterology and Nutrition (JPGN) as the 

prospective publication venue for our study. JPGN is a paediatric medical journal dedicated to 

research in nutrition, hepatology, and gastroenterology. Liver biopsies have been extensively 

studied at various centres globally; our research will contribute to the existing body of 

knowledge within the South African context, enabling comparative analyses with findings from 

other centres. 
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ABSTRACT 
Background: Liver biopsy is the cornerstone of diagnosis in clinical hepatology. It also plays 

a cardinal role in prognostication of liver disease and guiding management.  

Objectives: To determine the role of liver biopsy in the work up of patients with liver diseases 

at Red Cross War Memorial Children’s Hospital (RCWMCH) over a six-year period. 

Method: This is a retrospective descriptive study of children who had liver biopsies performed 

at RCWMCH between the 01/01/2018 and 30/06/2023.  

Results: Seventy-five patients were screened for eligibility; six were excluded due to missing 

data and files, subsequently the study comprised of sixty-nine participants. Most liver 

biopsies were performed percutaneously under ultrasound guidance (n=45, 65%). There were 

three (4.3%) major complications, and no minor complication. The tissue yield was 95.7% (n 

= 66), with histopathological findings guiding clinical management in 50 patients (72%). 

Most frequent diagnoses were biliary atresia and autoimmune hepatitis. The commonest 

indications for liver biopsy were hyperbilirubinemia and suspected graft rejection.    

Conclusion: Although liver biopsy is an invasive procedure, if guidelines are adhered to and 

performed by experienced staff it can be justified when using standard indications as it has a 
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low complication rate in our setting and directly influence management in the majority of 

cases 

Key Words: Indications; histological results; tissue yield; complications, impact on 

patient management. 

 

 

 

 

 

What is 

known 
 The impact of liver biopsy findings on patient management varies, 

with reported influence ranging from 36% to 70% 

 Minor complications are more prevalent than major complications 

following liver biopsy 

 Metabolic dysfunction Associated Steatotic Liver Disease 

(MASLD) is on the rise in the paediatric population 

What is new  Liver biopsy has clinical impact on most patients in our setting 

 With appropriate methods and use of guidelines liver biopsy is 

safe with no minor complications and few major complications 

 Hepatic steatosis is uncommon in our setting. 
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INTRODUCTION 

1.1 Context 
Liver biopsy plays a vital role in management of liver disease including diagnosis, treatment 

and prognostic decision making despite advances in radiological and genetic diagnostic 

methods [1]. Several studies have reported a high diagnostic yield from liver biopsies, however, 

its clinical impact on patient management varies considerably, with reported utility ranging 

between 36.2% to 70% [2,3,4,5,6&7].  

The advent of advanced genetic testing technologies, including next-generation sequencing, has 

significantly reshaped the role of liver biopsy in the diagnosis of liver disease. Also facilitating 

the identification of novel genetic aetiologies underlying neonatal cholestasis. Previous studies 

have demonstrated a prevalence of genetic causes in neonatal intrahepatic cholestasis, estimated 

at 22-26%. However, in the South African context, the clinical utility and diagnostic 

implications of genetic testing in neonatal cholestasis remain incompletely characterized 

[8,9&10] 

The European Society for Paediatric Gastroenterology Hepatology and Nutrition (ESPGHAN) 

has set out several indications for liver biopsies to mitigate unnecessary invasive procedures. 

(Table: Supplemental Digital Content 1).  
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Previous studies conducted both internationally and across the African continent have reported 

similar indications for liver biopsy in the native liver, including suspected autoimmune 

hepatitis (AIH), evaluation of cholestasis, and investigation of transaminitis of unknown 

aetiology [1,11,12,13]. However, no published data currently exist on this subject within the 

South African context. 

The main indication for liver biopsy on a graft liver is suspected graft rejection, other 

indications include work up for suspected recurrence of the primary disease or per protocol 

liver biopsy. 

Prior studies report chronic hepatitis, neonatal hepatitis and biliary atresia as the most frequent 

histological findings on native liver biopsy [14,15]. In the graft liver common histology 

findings include fibrosis, chronic hepatitis, and steatosis [16,17]. 

Complications associated with liver biopsy are broadly categorized as major and minor. Major 

complications encompass significant bleeding requiring blood transfusion, pneumothorax, and 

mortality, whereas minor complications include post-procedural pain, sub-capsular bleeding 

that does not necessitate transfusion, and minor bile leakage [1].  

Minor complications occur more frequently than major complications, with post-procedural 

pain being the most reported minor complications, while symptomatic bleeding is the most 

prevalent major complication [12,18] 

Findings from a retrospective cohort study in Beijing highlighted thrombocytopenia, age under 

18 years, and multiple needles passes as significant independent risk factors for bleeding [19] 

A Japanese study reported a major complication prevalence of 0.5%, with a higher occurrence 

in native liver patients compared to graft liver patients (1% vs. 0.2%). Among native liver 

patients, identified risk factors for major complications included younger age, liver 

malignancies, and coagulopathy, whereas younger age alone was a significant risk factor in 

graft liver recipients [20]. The heightened risk associated with liver biopsy in younger patients 

underscores the necessity of exploring alternative investigative modalities for neonatal 

cholestasis. 

The incidence of pneumothorax has been linked to the intercostal approach in liver biopsy. 

However, its prevalence remains low and was reported to be 0.2% in 1 study [21]. Likewise, 
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the risk of mortality following liver biopsy is minimal, further reinforcing the procedure’s 

favourable safety profile [12,22] 

1.2 Aim: 

Our aim is to describe the experience of liver biopsies at Red Cross War Memorial Children’s 

Hospital (RCWMCH), one of the two centres in the Western Cape province who perform liver 

biopsies and the only centre performing paediatric liver transplants in the province. 

We aim to document our indications, histological findings-including liver cirrhosis- methods, 

approach, the team performing the liver biopsy, number of passes, baseline coagulation status 

and if in line with internationally acceptable guidelines. We will compare the native and 

transplant group 

1.3 Objectives: 

The objectives of this study encompass the identification of major and minor complications, 

alongside an evaluation of the risk factors contributing to these adverse events. Additionally, 

the study seeks to determine whether our complication rates align with internationally 

established rates. Furthermore, it aims to assess the clinical impact of liver biopsy findings on 

subsequent patient management strategies. 

Major complications are defined as either bleeding that require blood transfusion, development 

of a pneumothorax or death within 3 days of the liver biopsy. Minor complications are defined 

as pain or bleeding that does not require blood transfusion. 

Bleeding will be assessed based on documented ultrasound findings in cases of percutaneous 

ultrasound-guided liver biopsy, intraoperative observations during laparoscopic liver biopsy or 

laparotomy, and instances where bleeding was identified during relook laparotomy following 

the liver biopsy. 

Pain will be evaluated based on recorded complaints of discomfort or the requirement for 

additional analgesia beyond the prescribed regimen.   
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Clinical utility of the liver biopsy results will be assessed on how the biopsy results impacted 

on further management of the patients. This encompasses initiating new therapeutic 

interventions, continuing existing treatment, opting for conservative management, and disease 

prognostication informed by the stage of progression as indicated by the presence of liver 

cirrhosis or fibrosis.  

Liver biopsy samples deemed inadequate for histological evaluation, and those failing to 

directly influence patient management, will be considered clinically non-contributory.  

METHODS 

Study setting: 

This study was conducted in the Paediatric Gastroenterology Department at Red Cross War 

Memorial Children's Hospital (RCWMCH), a tertiary paediatric facility in Cape Town, South 

Africa. RCWMCH is affiliated with the University of Cape Town (UCT) and provides 

specialized care in paediatric surgery, hepatology, and liver transplantation. 

Liver biopsies were performed by both the paediatric gastroenterology and paediatric surgical 

teams, including registrars, fellows, and consultants. All procedures were conducted under the 

supervision of a consultant within the respective units. 

Percutaneous ultrasound-guided and blind liver biopsies were performed under conscious 

sedation by the gastroenterology team. Laparoscopic and open laparotomy biopsies were 

conducted under general anaesthesia by the surgical team. 

During the procedures, patients received both local and systemic analgesia, followed by 

systemic analgesia post-procedure. They were subsequently admitted to the high-care unit for 

close monitoring of cardiopulmonary status, for pain management and assessment for potential 

bleeding.  

An immediate ultrasound evaluation was performed post-procedure for all patients who 

underwent percutaneous ultrasound-guided liver biopsies, assessing for potential bleeding, 

including subcapsular haemorrhages. 
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Repeat ultrasound evaluations were performed for patients who underwent liver biopsies via 

laparotomy, laparoscopy or blind only when clinically indicated, such as in cases of 

haemodynamic instability or declining haemoglobin levels. 

Routine post-procedural chest radiography was performed for patients who underwent liver 

biopsies via the intercostal approach to assess for pneumothorax. 

Study design: 

This was a retrospective descriptive study in children aged 0-15 years who underwent liver 

biopsies at RCWMCH between the 01/01/2018 and 31/06/2023. 

Study population: 

This study included all patients aged 0–15 years who underwent liver biopsies performed by 

the paediatric gastroenterology or surgical team at RCWMCH during the review period.  

A total of 75 liver biopsies were conducted; however, six patients were excluded due to missing 

data or files, resulting in a final study cohort of 69 participants 

Inclusion criteria:  

All children aged 0-15 years who had liver biopsies performed at RCWMCH during the period 

under review. 

Exclusion criteria: 

Participants with missing data and files, and those who had liver biopsies performed at other 

institutions. 

Data collection: 

Entries were retrieved from the unit liver biopsy registry and the liver biopsy checklists and 

exported into Microsoft Excel spreadsheet. Biopsies performed by both the paediatric surgical 

and gastroenterology team were captured on the liver biopsy registry. Missing entries were 

acquired through records review and verified from the National Health Laboratory Service 

(NHLS) database. All liver biopsies conducted during the study period were cross-verified with 

histopathological laboratory records to ensure complete and accurate data capture for the study. 
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Relevant general and clinical characteristics were retrieved (refer to appendix). General 

characteristics included age, gender, weight, Human Immuno-deficiency Virus (HIV) status 

and the team responsible for performing the liver biopsy. 

Clinical characteristics include indications for liver biopsy, method, approach, baseline 

coagulation status, number of passes and cores attained. Additionally, histological findings and 

procedural complications we documented. 

The primary outcome included the evaluation of both major and minor complications, while 

the secondary outcome focused on assessing the clinical impact of histological findings on 

patient management.  

We also compared the clinical characteristics of patients in the transplant group to those of 

patients in the native liver group.  

Data Analysis: 

Data were collected and entered Microsoft Excel spreadsheet. Statistical analyses were 

performed using Stata version 13.1. Associations between the native and graft liver groups 

were assessed using Pearson's Chi-square test for categorical variables, with Fisher's exact test 

applied when appropriate. Continuous variables were analysed using Mann-Whitney U tests. 

Statistical significance was defined as a p-value <0.05. 

Ethical consideration:  

Consent was obtained from the hospital research review committee at RCWMCH (RCC 

379/WC_202306_044), the National Health Research Database (WC 202306 044) and the 

Human Research Ethics Committee of the University of Cape Town (HREC REF:385/2023) to 

conduct research at RCWMCH. No further consent was required from the participants and 

caregivers due to the retrospective nature of the study.  
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To ensure confidentiality, anonymized identifiers were utilized, and the study was conducted 

in accordance with the Helsinki Declaration. Both the liver biopsy registry and the Microsoft 

Excel spreadsheet containing exported data were secured with password protection. 

Potential risks: 

The study involves retrospective review of medical records without any direct contact with 

subjects and hence no human risks or harms were incurred.  

Potential benefits:  

We anticipate that the histopathological findings from liver biopsies in this study will inform 

and refine patient management strategies for liver diseases. Additionally, this study aims to 

expand our understanding of prevalent liver biopsy findings and complications specific to our 

clinical setting. 

The results of the study will be presented at the annual Department of Paediatrics and Child 

Health Research Day at the University of Cape Town (UCT) in October 2024. The manuscript 

will also be submitted to the Journal of Paediatric Gastroenterology and Nutrition (JPGN) for 

publication. 

RESULTS 

A total of 75 patients were screened for eligibility, with six excluded due to incomplete data or 

missing records, resulting in a final study cohort of 69 participants. Most liver biopsies were 

performed by the paediatric gastroenterology team (p=0.01), with percutaneous ultrasound-

guided biopsy being the predominant method (Figure 1).  

Among the cohort, three patients underwent multiple liver biopsies during the study period; 

however, none required a repeat biopsy due to inadequate tissue sampling during the initial 

procedure. 

The general characteristics of the participants are summarized in Table 2 below. The study 

demonstrated a predominance of female participants, comprising 55% of the population, 

compared to 45% males. The median age at liver biopsy was 36 months (interquartile range 
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[IQR]: 5–84 months), with an overall age range of 1–168 months. Patients in the native liver 

group were younger than those in the graft liver group (p=0.03). HIV testing was conducted for 

64 patients, of whom 4.7% (n=3) yielded positive results. 

Major complications were observed in two patients, both belonging to the native liver group, 

with no minor complications reported (Table 3). One patient developed a pneumothorax, while 

another demised due to severe major bleeding. 

A pneumothorax was noted in a patient following liver biopsy via the intercostal approach. 

Mortality was reported in a high-risk patient with pre-existing coagulopathy and a suspected 

liver malignancy, where the biopsy was appropriately performed laparoscopically. Notably, all 

complications occurred in older patients. 

Platelet counts and International Normalised Ratio (INR) were normal in most patients, only 3 

had coagulopathy (INR>1.5) hence liver biopsies in these patients were performed using a 

laparoscopic approach. In most patients 2 passes were required to obtain adequate liver tissue 

samples.  

The tissue yield in our study was 95.7 % (n=66), with 4.3% (n=3) biopsies deemed suboptimal 

for histological evaluation. Histological findings influenced clinical decision-making in 72% 

(n=50) of patients who had an adequate tissue sample, facilitating changes in treatment plans, 

initiation of new therapeutic approaches, and evaluation of prognostic outcomes.  

A total of 28% (n=19) of biopsies were deemed clinically non-contributory. This subset 

comprised suboptimal biopsies (n=3, 4,3%), cases of non-specific hepatitis (n=13, 19%), and 

neonatal hepatitis (n=3, 4%).  

In the native liver group biliary atresia and autoimmune hepatitis were the most frequent 

diagnoses. Hepatic glycogenosis was observed in three out of the four patients presenting with 

hepatomegaly, with no instances of steatohepatitis (Figure 2). Among the hepatic glycogenosis 

cases 2 patients had glycogen storage disease while 1 was diagnosed with Mauriac syndrome. 

Graft rejection was observed in 64% (n=9) of patients within the graft liver group, comprising 

eight cases of acute cellular rejection and one case of chronic ductopenic rejection. 

In the native liver group, hyperbilirubinemia represented the commonest indication for liver 

biopsy, whereas in the graft liver group, suspected graft rejection was the most frequently 
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observed indication. Notably, all biopsies performed on transplanted livers were conducted to 

assess for graft rejection, with none undertaken as part of a routine surveillance protocol (see 

Table 4). 

DISCUSSION 

Liver biopsy at our institution is safe, has a good yield and directly influence management in 

most patients, whether diagnostically in liver disease work-up, or when assessing post liver 

transplant patients for complications.  

The high tissue yield, and clinical impact observed in our study align closely with findings 

from previous research, reinforcing its relevance within the existing body of evidence [2.3.4.5 

& 7]. 

No minor complications were identified in our study, contrasting with findings reported in 

previous literature [7,13]. The incidence of major complications remained low, aligning with 

rates reported in the existing literature [13, 21].  

All major complications occurred in the native liver cohort, likely attributable to the intrinsic 

clotting dysfunction in these patients. In contrast, transplanted livers synthesize normal clotting 

factors, and biopsies in this group were performed for graft rejection rather than chronic liver 

disease, which inherently carries greater procedural risk. 

In this cohort, identified risk factors—baseline coagulopathy, malignancy and the intercostal 

approach were consistent with established findings, reinforcing previously documented 

associations [20,21]. 

Despite the recommendation for 1 pass and more passes being associated with more 

complications, finding that more patients had 2 passes, there were no minor complications and 

3 major complications [1,19]. Although young age has been associated with an increased risk 

of complications, no complications were observed in younger patients within this cohort [20] 

Our findings demonstrate a comparable tissue yield to that reported in previous studies, thereby 

validating the reliability of our liver biopsy methodology [2,3,4&5]. Consistent with findings 

by Ahmed A et al., the high clinical utility of our biopsy results supports its role as a reliable 

tool for assessment of liver disease [6]. 
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Biliary atresia and autoimmune hepatitis were the most predominant histological findings in 

the native liver group, consistent with previous studies conducted both locally and 

internationally. The only South African study referenced was conducted 25 years ago in a non-

transplant center, reporting a biliary atresia incidence of 20.8%, which aligns with our findings 

[6,7 & 12].  

The rising prevalence of paediatric obesity has corresponded with an increasing incidence of 

metabolic dysfunction-associated steatotic liver disease (MASLD). In the United States, 

childhood obesity was reported at 19.3% between 2017 and 2018, with the highest prevalence 

observed among the Hispanic Black population. Previous studies have estimated the incidence 

of MASLD at 9.6% with highest rates among obese children, underscoring the growing burden 

of obesity-related liver disease in paediatric cohorts [23, 24]. 

In South Africa, childhood obesity prevalence was reported at 7.2% in 2016. However, no 

published national data exist on the prevalence of paediatric fatty liver disease based on liver 

histology. Notably, no cases of hepatic steatosis were identified in our study, an unexpected 

finding. Assessing the body mass index of our cohort may provide further insight into this 

absence. 

The incidence of both acute and chronic graft rejection in our study aligns with internationally 

reported rates at other transplant centres, reaffirming the appropriateness of our 

immunosuppressive therapy protocol and its concordance with international guidelines [25,26, 

27&28] 

One of the main indications for liver biopsy is work up for cholestasis, it is therefore 

understandable that patients in the native liver group are of a younger age. The mean age at 

liver transplant at our institution is 4 years 6 months hence the older age at liver biopsy in the 

transplant group.  

The indications for liver biopsy in our study were consistent with those observed in other 

institutions and aligned with the ESPGHAN guidelines for paediatric liver biopsies. 

Specifically, biopsies were conducted for the assessment of hyperbilirubinemia, suspected graft 
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rejection, and malignancy in cases where imaging failed to establish a definitive diagnosis 

[1,6,7 & 8]. 

The management of post-liver transplant patients is inherently complex, with 

immunosuppressive therapy playing a critical role in preventing graft rejection. However, this 

therapy is associated with risks, including malignancy, infectious complications, and metabolic, 

renal, and cardiovascular adverse effects.  

Some centres implement protocol biopsies to enable early detection of rejection, facilitate 

timely intervention, personalize immunosuppressive regimens, and promote immune tolerance, 

thereby mitigating complications associated with immunosuppression. At our institution, post-

transplant liver biopsies are performed exclusively for the evaluation of suspected graft 

rejection. Protocol liver biopsies are not conducted due to resource limitations [19, 20]. 

Our high diagnostic yield is reassuring that we are obtaining adequate samples with limited 

complications, and although liver biopsy is an invasive procedure it can be justified if using 

standard indications as it directly influences management in most patients.   

Study limitations: 

Given the study's retrospective nature and its execution across two different departments, 

variability in interpretation may have influenced the findings. The absence of routine post-

procedural ultrasound assessments following laparotomy or laparoscopy liver biopsies may 

have led to an underestimation of minor haemorrhages. Assessing pain in paediatric patients is 

inherently challenging, and the reported rates in this study may not fully reflect actual patient 

experiences. 

CONCLUSION 

Although liver biopsy is an invasive procedure, if guidelines are adhered to and performed by 

experienced staff it can be justified when using standard indications as it has a low 

complication rate in our setting and directly influence management in the majority of cases 
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Recommendation: 

Our study revealed that liver biopsies can be safe, with high tissue yield and clinical impact. 

On this basis use of expert societal guidelines including ESPGHAN and local guidelines to 

select the appropriate indication and method for liver biopsy is recommended.  

Future research should focus on pain as a complication for liver biopsy using appropriate 

paediatric pain scores 
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Table 1: Supplemental digital content 1: Indications for liver biopsies (adapted from 
ESPGHAN 2015 guidelines for liver biopsies 

Native liver Graft liver 

Diagnosis: 

 MASLD 

 AIH 

 Cryptogenic transaminitis 

 

 Deranged liver function test of unknown aetiology 

 Suspected ACR 

 Suspected chronic ductopenic rejection 

 Suspected infection when serological tests yield 

negative results 

 Protocol biopsies to assess graft function 

 Suspected recurrence of the primary disease 

 Suspected de novo hepatitis 

Assessment of a known liver disease: 

 To stage fibrosis and guide screening for portal 

hypertension 

 Histological diagnosis of malignancy if diagnosis is not 

made on imaging 

 To guide the need for treatment (eg necroinflammation 

in chronic active hepatitis B infection) 

Notes: Abbreviations 

MASLD (Metabolic dysfunction Associated Steatotic Liver Disease),  

AIH (Auto Immune Hepatitis), ACR (Acute Cellular Rejection) 
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Figure 1: Randomisation
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Table 2: General characteristics 

Variable General 

population 

Native liver Graft liver P-value 

Male-no/total (%) 

Female-no/total (%) 

31/69 (45) 

38/69 (55) 

24/50 (48) 

26/50 (52) 

7/19 (37) 

12/19 (63) 

0.4 

Median age in months-(IQR) 36 (5-84) 28 (4-72) 60 (15-144) 0.03 

Median weight in kilograms- (IQR) 14 (6.4-26) 11.5 (5.7-20) 17 (13.5-34.6) 0.04 

HIV positive- no/total (%) 3/64 (4.7) 3/50 (6) 0/19 (0) 0.1 

Personnel doing the liver biopsy: 

Paeds GI 

Paeds surgery 

 

55/69 (80) 

14/69 (20) 

 

36/50 (72) 

14/50 (28) 

 

19/19 (100) 

0/19 (0) 

 

0.01 

Notes: IQR=Interquartile Range     
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Table 3: Coagulation status and complications 

Variables General population Native liver Graft liver P-value 

Median INR- (IQR) 1.1 (1-1.2) 1.14 (1.03-1.18) 1.11 (1.02-1.15) 0.5 

Median platelets- (IQR) 352(213-450) 349 (241-452) 249 (199-364) 0.05 

Complications: 

Pneumothorax 

Major bleeding 

Death 

 

1/69 (1.4) 

1/69 (1.4) 

1/69 (1.4) 

 

1/50 (2) 

1/50 (2) 

1/50 (2) 

 

0/19 (0) 

0/19 (0) 

0/19 (0) 
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Figure 2: Diagnoses 
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Table 4:Clinical characteristics 

Variables General population 

no/total (%) 

Native liver 

no/total (%) 

Graft liver 

no/total (%) 

P-value 

Indications: 

Suspected rejection 

Hyperbilirubinemia 

Hepatomegaly 

Suspected cirrhosis 

Suspected malignancy 

 

19/69 (27.6) 

41/69 (59.4) 

4/69 (5.8) 

3/69 (4.3) 

2/69 (2.9) 

 

0/50 (0) 

41/50 (82) 

4/50 (8) 

3/50 (6) 

2/50 (4) 

 

19/19 (100) 

0/19 (0) 

0/19 (0) 

0/19 (0) 

0/19 (0) 

 

0 

Methods:  

Blind percutaneous 

Ultrasound guided percutaneous 

Laparoscopic 

Laparotomy 

 

10/69 (14.5) 

45/69 (65.2) 

9/69 (13.2) 

5/69 (7.2) 

 

10/50 (20) 

26/50 (52) 

9/50 (18) 

5/50 (10) 

 

0/19 (0) 

19/19 (100) 

0/19 (0) 

0/19 (0) 

 

0.05 

Approaches: 

Subcostal 

Intercostal 

 

68/69 (98.5) 

1/69 (1.5) 

 

49/50 (98) 

1/50 (2) 

 

19/19 (100) 

0/19 (0) 

 

0.7 

Number of passes: 

1 

2 

3 

4 

5 

 

26/69 (37.7) 

32/69 (46.4) 

7/69 (10.2) 

3/69 (4.3) 

1/69 (1.4) 

 

22/50 (44) 

21/50 (42) 

5/50 (10) 

1/50 (2) 

1/50 (2) 

 

4/19 (21) 

11/19 (57) 

2/19 (11) 

2/19 (11) 

0/19 (0) 

 

0.3 

Median number of passes-(IQR) 2 (1-2) 2 (1-2) 2 (2-2) 0.1 

Number of cores: 

1 

2 

3 

4 

 

25/68 (36.2) 

34/69 (49.3) 

9/69 (13) 

1/69 (1.5) 

 

20/50 (40) 

24/50 (48) 

5/50 (10) 

1/50 (2) 

 

4/19 (21) 

11/19 (58) 

4/19 (21) 

0/19 (0_ 

 

0.3 

Median number of cores- (IQR) 2 (1-2) 2 (1-2) 2 (1-2) 0.1 

Notes: IQR=Interquartile Range 
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Synopsis  

Introduction: 

Liver biopsy is the cornerstone of diagnosis in clinical hepatology. It also plays a vital role in 

prognostication of liver disease and guiding management. A lot of work has been done at various 

centers around the world looking at liver biopsies in the work up of liver diseases including 

indications for liver biopsies, liver biopsy results and complications of the procedure.  

Aim:  

The aim of this study is to determine the role of liver biopsy in the work up of patients with liver 

diseases at Red Cross War Memorial Children’s Hospital (RCWMCH) over a six year period. 

Objectives: 

 Primary objectives: 

 To determine the total number of liver biopsies conducted between the 01st/01/2018 

and the 31st/06/2023. 

 To determine the indications for liver biopsies in the specified time period  

 To determine the baseline coagulation status of the patients undergoing liver biopsies 

 Identify the personnel performing the liver biopsy, i.e. paediatric gastroenterology or 

paediatric surgeon. 

 To determine various approaches used to perform liver biopsies (intercostal vs. 

subcostal) 

 To determine whether the liver biopsy was done under ultrasound guidance or blinded 

 To determine the number of passes and cores attained during the procedure 

 Determine whether the liver was cirrhotic 

 To determine liver biopsy results 

 Secondary objectives: 

 To determine minor complications i.e. pain and minor bleeding from the procedure 

 To determine major complications, i.e. major bleeding, pneumothorax and death 

within 3 days after the liver biopsy.  
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 To identify possible risk factors associated with complications 

 To determine how liver biopsy influenced patient management( eg change of 

diagnosis or new treatment instituted) 

Minor bleeding will be defined as documented bleeding, with a haemoglobin of more than 8 not 

requiring a blood transfusion and major bleeding will be defined as bleeding that results in a 

hemoglobin drop to ≤8 and requiring transfusion of blood. 

Methodology 

 Study design : 

      It is a retrospective cross-sectional descriptive study.  

 Study setting: 

The study will be conducted at RCWMCH in the paediatric gastroenterology department. 

 Study population: 

Participants will be all children who are between the ages of 0 and 15 years who had liver 

biopsies done at RCWMCH by both the paediatric gastroenterology and paediatric surgical 

teams between the 01st/01/2018 and the 31st/06/2023.  

 Exclusion criteria: 

Missing data and liver biopsies done at other institutions will serve as exclusion criteria. 

Study sample and size: 

      The estimated sample size will be about 70 participants. 

 Data collection( see data sheet): 

 Demographics: 

Age, gender and HIV status will be captured 

 Clinical characteristics 

Stratification of liver biopsies into native and transplanted liver 

Identification of the indication for liver biopsy 
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Baseline bloods (INR and platelets count) 

Personnel performing the liver biopsy: Paediatric gastroenterologist vs paediatric surgeon 

Presence of liver cirrhosis 

Blinded or ultrasound guided biopsy 

Intercostal or subcostal approach 

Number of passes 

Number of liver cores 

Liver biopsy results 

 Outcomes: 

 Primary outcomes: 

 Minor pain and bleeding that does not require a blood transfusion 

 Secondary outcome: 

 Major bleeding, death within 3 days post liver biopsy and pneumothorax 

 How liver biopsy results influenced the management of patients 

Data analysis: 

Data will be entered into excel spread sheet, then analysed using Stata (Statacorp, USA). 

Associations with liver biopsy abnormalities will be tested using Chi square tests (with Fisher 

exact statistics where appropriate) for categorical variables, and Student t –tests or Mann-

Whitney U tests for continuous variables, depending on data distribution. Statistical significance 

will be set at a p-value< 0.05. 

Ethical consideration: 

We will apply to both the Hospital Research Review Committee at RCWMCH and the Human 

Research Ethics Committee (HREC) of the University of Cape Town for consent to conduct 

research at RCWMCH. Due to the retrospective nature of the research no further consent will be 

required from participants and their caregivers. 

Confidentiality: 
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Anonymized identifiers will be used to maintain confidentiality, and the study will abide to the 

POPI act.  

 

Study benefits: 

We expect the liver biopsy results in this study to guide our management of patients. We also 

expect to broaden our knowledge of the common liver biopsy findings and complications 

specific to our institution. 
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Introduction: 

Liver biopsy is the cornerstone of diagnosis in clinical hepatology worldwide. It also assists in 

monitoring disease progression, and in therapeutic and prognostic decision making. It is 

performed on both a native and transplanted liver. 

The European Society for Paediatric Gastroenterology Hepatology and Nutrition( ESPGHAN) 

guidelines of 2015 recognize the following as indications for liver biopsy in a native liver; 

suspected autoimmune hepatitis, cryptogenic hypertransaminasaemia, diagnostic scoring in 

Wilson’s disease and liver tumours if imaging does not provide the diagnosis, however the risk 

of tumour seeding should always be considered [1].  In a study done in Mexico the most 

common indication for a liver biopsy was suspected autoimmune hepatitis closely followed by 

transaminitis of unknown origin and chronic liver disease [2]. In a single center study done at the 

British Columbia children’s hospital, elevated liver enzymes and cholestasis accounted for most 

of the indications for liver biopsies [3]. In another study done in Poland hepatitis was found to be 

the most common indication in children above the age of 6 years, with cholestasis being the top 

indication in children below the age of 1 year [4]. No published data was found on the same 

topic in the South African context. 

In the transplanted liver indications for biopsy include assessment for rejection, de novo 

hepatitis, and suspicion of recurrence of the primary disease. There is ongoing debate regarding 

the significance of protocol liver biopsy in a transplanted liver every 5-10 years in an otherwise 

healthy recipient. This is thought to subject healthy recipients to invasive procedures and 

possible morbidity and mortality. The rationale behind this practice is that paediatric liver 

transplant recipients often have abnormal histopathological findings in 69-97% of cases [5]. 

Common histopathological findings on a graft liver include fibrosis, chronic hepatitis, and 

steatosis and all these are associated with late rejection or poor compliance [5, 6]. Reported 

common findings on histology in the native liver in one study included chronic hepatitis, 

metabolic liver disease, cirrhosis and neonatal hepatitis [7]. In 2000, Garankuwa Hospital 

Histopathology Laboratory in Pretoria described neonatal hepatitis and biliary atresia as common 

findings on histology, with metabolic disease being rare [8]. 

Complications of liver biopsy can be divided into major and minor. Major complications include 

massive bleeding that requires blood transfusion, pneumothorax, and death. Minor complications 
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include pain, sub-capsular bleed not requiring blood transfusion and minor bile leak. In a large 

systematic review looking at complication rates of all percutaneous liver biopsies done between 

2010 and 2020 minor complications were found to occur more frequently than major 

complications with a prevalence of 9.5% and 2.4% respectively [9]. 

In a recent study from Japan major complications were found in 0.5% of cases and were said to 

occur more in the native liver than in the transplanted liver patients (1 % vs. 0.2%). Risk factors 

for major complications identified in this study include younger age, liver cancers and 

coagulopathy in a patient with a native liver and younger age alone in a patients with 

transplanted liver [1, 10] 

The risk of bleeding with percutaneous liver biopsy method is estimated to be 10% with less than 

2% being major bleeds [11]. In a large retrospective study done in Beijing, low platelets count, 

young age (<18 years) and increased number of passes were found to be independent risk factors 

for bleeding [12].The most frequent minor complication is said to be pain and was found to 

occur in up to 59% of patients who had undergone percutaneous liver biopsy [3] 

Pneumothorax has only been described in 1 paediatric study with an incidence rate of 0.2% [13]. 

Performing liver biopsy under ultrasound guidance and avoiding the subcostal approach 

ameliorates this complication. Death has been reported to occur in 0.6% of children post liver 

biopsy and all had a background history of malignancy, and all deaths were related to bleeding 

[13]. Another author reported a lower death rate of 1 per 10 000 cases, while in another study no 

death was reported [3, 14]. 

Aim 

The aim of this study is to determine the role of liver biopsy in the work up of patients with liver 

diseases at Red Cross War Memorial Children’s Hospital (RCWMCH) over a six year period. 

Objectives 

Primary objectives: 

 Identify the number of liver biopsies done at RCWMCH done between 01/01/2018 and 

            31/06/ 2023 

 Determine the indications for liver biopsies during the study period 
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 Determine which personnel performed the liver biopsy( paediatric gastroenterologist vs 

paediatric surgeon) 

 Determine whether the liver was cirrhotic 

 Determine baseline INR and platelets count 

 Determine the approach used to perform the liver biopsy( subcostal vs intercostal) 

 Determine whether the biopsy was done under ultrasound guidance or blinded 

 Determine the number of passes and cores attained 

 To determine liver biopsy results 

Secondary objectives: 

 Determine number of minor complications during the study period, i.e. pain and minor 

bleeding from the procedure 

 Determine the number of major complications i.e. major bleeding, pneumothorax and 

death 

 To identify possible risk factors associated with complications 

 Determine how biopsy results influenced the management of the patient( eg change of 

management, or a new diagnosis) 

Minor bleeding will be defined as documented bleeding, with a haemoglobin of more than 8 not 

requiring a blood transfusion and major bleeding will be defined as bleeding that results in a 

hemoglobin drop to ≤8 and requiring transfusion of blood 

Method 

It is a retrospective cross sectional descriptive study in children between the ages of 0-15 years at 

RCWMCH who had liver biopsies between the 01st /01/2018 and 31st /06/2023. The liver 

biopsies were done in both native and transplanted livers. The liver biopsies were done by both 

the paediatric surgery and paediatric gastroenterology teams. Inclusion and exclusion criteria are 

highlighted in table 1 below. 
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Table 1: Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

 All liver biopsies done between 

01/01/2018 and 31/06/2023 at 

RCWMCH 

 Children between 0-15 years 

 Missing files and data 

 Liver biopsies done in other health 

care facilities 

 

The sample size will be about 70 patients who had liver biopsies at RCWMCH between the 

01/01/2018 and 31/06/2023. Entries will be acquired from the unit liver biopsy checklists and 

NHLS database. Missing entries will be acquired through records review.  

The following data will be collected: (See data sheet) 

 Demographics 

 Age  

 Gender 

 HIV status 

 Clinical characteristics 

 Native liver vs. transplanted liver 

 Indication for the liver biopsy 

 Personnel performing the liver biopsy: Paediatric gastroenterologist vs paediatric 

surgeon 

 Baseline bloods (INR and platelets count) 

 Presence of cirrhosis 

 Blinded or ultrasound guided biopsy 

 Intercostal or subcostal approach 

 Number of passes 

 Number of liver cores 

 Liver biopsy results 

 Outcomes 
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 Minor complications: 

 Minor bleeding not requiring blood transfusion 

 Pain 

 Major complications: 

 Bleeding that requires blood transfusion 

 Pneumothorax 

 Death within 3 days after the liver biopsy 

 How biopsy results influenced patient management( eg change in diagnosis, or new 

treatment)  

Data analysis: 

Statistical analysis will be done using Stata (Statacorp, USA). Associations with liver biopsy 

abnormalities will be tested using Chi square tests (with Fisher exact statistics where appropriate) 

for categorical variables, and Student t –tests or Mann-Whitney U tests for continuous variables, 

depending on data distribution. Statistical significance is set at a p-value< 0.05. 

Ethics  

Consent will be obtained from the Hospital Research Review Committee at RCWMCH and the 

Human Research Ethics Committee (HREC) of the University of Cape Town. This is a 

retrospective study involving records review and therefore no further consent will be required 

from the caregivers. 

Confidentiality 

Anonymized identifiers will be used to maintain confidentiality. Data management will be 

compliant with the POPI act. 

Funding:  

The study will be self-funded. 

Challenges: 

This a retrospective study and therefore relies on records review. We anticipate missing data and 

files. 

Timeline: 
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The timeline for this study is illustrated in table 2 below 

Table 2: Timeline 

 January 

2023 

 

February  

2023 

March  

2023 

April  

2023 

May 

2023 

June 

2023 

July 

2023 

August 

2023 

September 

2023 

October  

2023 

Literature 

review 
          

Preparing 

protocol 
          

Protocol 

assessment 
          

Ethics 

application 
           

Data 

collection 
          

Data 

analysis 
          

Write up-

thesis 
           

Write up-

paper 
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Data sheet 

1. Study number: 

2. Age:  

3. Gender:              Male[   ]     Female [   ] 

4. HIV status:        Positive[   ]    Negative[   ]    Unknown [   ]   

5. Native liver [   ]    Graft liver [   ] 

6. Indication for liver biopsy:  

7. Baseline INR: 

8. Baseline platelets count: 

9. Paediatric gastroenterologist [    ]  or surgeon [    ]  performing the biopsy 

10. Ultrasound guided [    ]   or Blind [    ] liver biopsy 

11. Intercostal [    ]   or Subcostal [     ] approach 

12. Number of passes:  

13. Number of cores: 

14. Liver cirrhosis present: Yes [    ]        No [     ] 

15. Liver biopsy findings:  

16. Minor complications:  

Pain:                   Yes [    ]           No [   ] 

Minor bleeding not requiring a blood transfusion: Yes [   ]            No [   ] 

17. Major complications: 

Bleeding that requires a blood transfusion:  Yes [   ]           No [   ]  

Pneumothorax: Yes [   ]               No [   ]   

Death within 3 days post liver biopsy: Yes [   ]              No [   ] 

18. How biopsy results influenced patient management:   

Change in treatment [    ]    New diagnosis [    ]     
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not be used. Case Reports must not exceed 1,000 words, and may include up to three tables 
and/or figures, and no more than 8 references. An abstract is not required, and if present, it 
will be included in the word count.  

Image of the Month (online only): Submissions for the "Image of the Month" should 
include one (at most two) high quality TIF endoscopic, histologic, radiologic, or 
photographic images of unusual or informative findings. A brief description of no more than 
200 words should accompany the images. No more than 8 references permitted. No abstract.  

Video of the Month (online only): Submissions for the "Video of the Month" should include 
high quality endoscopic video of unusual or informative findings. One or two additional 
associated photos, such as radiologic, pathologic, or photographic images, can also be 
submitted for online publication. A brief description of no more than 200 words should 
accompany the video. No more than 8 references permitted. No abstract. Videos should be 
uploaded as Supplemental Digital Content with one of the following file 
extensions: .wmv, .mov, .qt, .mpg, .mpeg, .mp4; and formatted with a 320 x 240 pixel 
minimum screen size. For more information, please review Wolters Kluwer's requirements 
for submitting supplemental digital content: http://links.lww.com/A142.  

Letters to the Editor (online only): A Letter to the Editor may be in response to an article 
published in JPGN or may comment on a controversial issue. Letters should be brief (no 
more than 250 words), and will be published at the discretion of the editor. No abstract.  

Filler material (in print only): Material such as historical vignettes, photographs, or brief 
poems/stories/comments may be submitted as 'filler' material that are inserted by the 
publisher into extra space as available. "Filler" space is available when a paper does not fill at 
least 50% of the last page in the proofs of the paper. "Fillers" are accepted at the discretion of 
the Editors in Chief. table  

Summary of Article Type Parameters 

Article Type Abstract 
What is New/ 
What is 
Known 

Text 
Limit 

Figure/Table 
Limit Reference Limit 



Rapid 
Communication 

Structured  
250 words Yes 3000 

words 4 50 

Original Articles Structured  
250 words Yes 3000 

words 4 50 

Clinical Trials Structured  
250 words Yes 3000 

words 4 50 

Systematic 
reviews / 
Meta-analyses 

Structured  
250 words Yes 3000 

words 4 50 

Review Articles Unstructured  
250 words Yes 3000 

words 4 50 

Short 
Communications 

Unstructured  
150 words Yes 2000 

words 2 20 

Invited 
Commentary None Not required 1000 

words 1 10 

Topic of the 
Month 

Unstructured 
150 words 

Yes (for social 
media only) 

1500 
words 2 30 

Societal Papers Optional  
250 words 

Yes (for social 
media only) n/a n/a n/a 

Online Only Article Types 

Case Reports* None Not required 1000 
words 3 8 

Image of the 
Month None Not required 200 

words 2 8 

Video of the 
Month None Not required 200 

words 2 8 

Letters to the 
Editor and 
Response 

None Not required 250 
words 1 8 

 

MANUSCRIPT PREPARATION 
Manuscripts that do not adhere to the preceding guidelines and following instructions will be 
returned to the corresponding author for technical revision before undergoing peer review. 
Concise, clearly written articles are more likely to be accepted for publication in the Journal 



of Pediatric Gastroenterology and Nutrition. Authors whose first language is not English are 
STRONGLY encouraged to ask a native English-speaking colleague or a professional 
author's editor, preferably with knowledge in the subject matter contained in the manuscript, 
to edit their manuscript before submission. A list of editing services is available at 
http://journals.lww.com/jpgn/_layouts/1033/oaks.journals/editservices.aspx.  

Cover Letter: In the cover letter provide a statement as to whether the paper was previously 
published in any language, including the abstract and whether the paper is currently under 
consideration elsewhere for publication.  

Title page: Include on the title page (a) complete manuscript title; (b) authors' full names, in 
order from first to last authors; state first name (given name) then last name (family name), 
highest academic degrees, and affiliations; (c) name and address for correspondence, 
including fax number, telephone number, and email address; (d) address for reprints if 
different from that of corresponding author; (e) all sources of support, including 
pharmaceutical and industry support, that require acknowledgment; (f) the URL (website 
address) and trial identification number; (g) disclosure of funding received for this work from 
any of the following organizations: National Institutes of Health (NIH); Wellcome Trust; 
Howard Hughes Medical Institute (HHMI); and other(s); and (h) the word count of the 
manuscript body (excluding abstract except in Case Reports, keywords, references and figure 
legends), number of figures and number of tables.  

All relevant conflicts of interest and sources of funding must also be included on the title 
page of the manuscript with the heading "Conflicts of Interest and Source of Funding." If 
there is no conflict of interest, this should also be explicitly stated as none declared.  

On a separate page, list each author and his/her respective roles in the submitted work, 
documenting appropriate input for authorship 
(http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-
of-authors-and-contributors.html#two).  

Title length: The manuscript title should have no more than 120 characters including spaces. 
Keywords for referencing should be included in the title. Please no abbreviations. Fancy or 
comical titles are inappropriate and will be asked to be revised. Trade names of drugs and 
other products must not appear in the article title.  

Structured abstract and key words: Please refer to the table above for abstract 
requirements for various article types. Do not cite references in the abstract. Limit the use of 
abbreviations and acronyms. At first mention, please write out the full term for abbreviations 
(e.g. Celiac Disease (CD)). Use the following subheads in your structured abstract: 
Objectives, Methods, Results, and Conclusions.  

For Keywords, list three to five key words that are not included in the title.  

What is Known/What is New: Immediately following the abstract (in the manuscript 
WORD file) for all article types except where indicated in chart above, authors should 



include text for a summary box that will be published on the first page of all accepted articles. 
This text should highlight the significance of the article with the following guidelines in 
mind: What is known about this subject? What are the new findings and/or what is the impact 
on clinical practice? Use the format:  

 What is known (2-4 bullet points listed beneath this heading)  
 What is new (2-4 bullet points listed beneath this heading) 

The total text should not exceed 100 words. As this section should be able to stand alone, at 
first mention of an abbreviation, please write out the full term.  

Text: Organize the manuscript into four main headings: Introduction, Methods, Results, and 
Discussion. If a brand name is cited, supply the manufacturer's name and address (city and 
state/country). Under Methods, include ethical approval information, if applicable.  

Data Analysis: Description of data analyses should provide the specific methods used, their 
rationale, their assumptions, whether data met those assumptions, and how any missing data 
were handled. Try to include confidence intervals rather than or with p-values as appropriate. 
 
Abbreviations: For a list of standard abbreviations, consult the Council of Biology Editors 
Style Guide (available from the Council of Science Editors, 9650 Rockville Pike, Bethesda, 
MD 20814) or other standard sources. Write out the full term for each abbreviation at its first 
use in abstract, what is known, manuscript body and in each table and figure unless it is a 
standard unit of measure.  

References: Please adhere to the reference limits noted for each article type above. The 
authors are responsible for the accuracy of the references. Key the references (double-spaced) 
at the end of the manuscript. Cite the references in text in the order of appearance. Cite 
unpublished data—such as papers submitted but not yet accepted for publication and personal 
communications, including email communications—in parentheses in the text. If there are 
more than three authors, name only the first three authors and then use et al. Refer to the List 
of Journals Indexed in Index Medicus for abbreviations of journal names, or access the list at 
http://www.nlm.nih.gov/tsd/serials/lji.html.  

Sample references: 
Journal article 
I. Rautava S, Lu L, Nanthakumar NN, et al. TGF-β2 induces maturation of immature human 
intestinal epithelial cells and inhibits inflammatory cytokine responses induced via the NF-κB 
pathway. J Pediatr Gastroenterol Nutr 2012;54:630-8.  

Book chapter 
2. Todd VR. Visual information analysis: frame of reference for visual perception. In: 
Kramer P, Hinojosa J, eds. Frames of Reference for Pediatric Occupational Therapy. 
Philadelphia: Lippincott Williams & Wilkins; 1999:205–56.  



Entire Book 
3. Ming S-C, Goldman H. Pathology of the Gastrointestinal Tract. Philadelphia: Lippincott 
Williams & Wilkins; 1998.  

Software 
4. Epi Info [computer program]. Version 6. Atlanta: Centers for Disease Control and 
Prevention; 1994. 
 
Online journals 
5. Friedman SA. Preeclampsia: a review of the role of prostaglandins. Obstet Gynecol [serial 
online] January 1988;71: 22-37. Available from: BRS Information Technologies, McLean, 
VA. Accessed December 15, 1990.  

Database 
6. CANCERNET-PDQ [database online]. Bethesda, MD: National Cancer Institute; 1996. 
Updated March 29, 1996.  

World Wide Web 
7. Sullivan D. Major search engines and directories. SearchEngineWatch Web site. 
http://www.searchenginewatch.com/links/article.php/2156221. Published May 8, 2011. 
Accessed July 13, 2012.  

Figure legends: Each figure must have a legend. Legends should be brief (no more than 100 
words) and should be typed on a separate manuscript page, directly following the reference 
list. Use scale markers in the image for electron micrographs, and indicate the type of stain 
used. Please let the editors and reviewers know if any of the figures (e.g., figures of study 
design) are appropriate for the on-line supplemental digital content (SDC) rather than needing 
to be in-print version.  

Figures: 
A) Creating Digital Artwork  

 Learn about the publication requirements for Digital Artwork: 
http://links.lww.com/ES/A42  

 Create, Scan and Save your artwork and compare your final figure to the Digital 
Artwork Guideline Checklist (below).  

 Upload each figure to Editorial Manager in conjunction with your manuscript text and 
tables.  

B) Digital Artwork Guideline Checklist  

 Artwork should be saved in TIFF, Word Doc, PPT or EPS format (PDF is not 
recommended).  

 Artwork is created as the actual size (or slightly larger) it will appear in the journal. 
(To get an idea of the size images should be when they print, study a copy of the 



journal to which you wish to submit. Measure the artwork typically shown and scale 
your image to match.)  

 Crop out any white or black space surrounding the image.  
 Diagrams, drawings, graphs, and other line art must be vector or saved at a resolution 

of at least 1200 dpi.  
 Photographs, radiographs and other halftone images must be saved at a resolution of 

at least 300 dpi.  
 Photographs and radiographs with text must be saved as postscript or at a resolution 

of at least 600 dpi.  
 Each figure must be saved and submitted as a separate file. Figures should not be 

embedded in the manuscript text file.  

C) Remember:  

 Cite figures consecutively in your manuscript.  
 Number figures in the figure legend in the order in which they are discussed.  
 Upload figures consecutively to the Editorial Manager web site and number figures 

consecutively in the Description box during upload.  

Tables: Cite tables consecutively in the text and number them in that order. Each table 
should be submitted as a separate Word document in text format. Each table must have a title. 
Use footnotes to define abbreviations and for other explanatory detail in a legend below the 
Tables. Tables should be self-explanatory and must supplement, rather than duplicate, the 
material in the text. Please let the editors and reviewers know if any of the tables (e.g., large 
data tables, large demographic tables, etc.) are appropriate for the on-line supplemental 
digital content (SDC) rather than needing to be in-print version.  

Supplemental Digital Content (SDC): Authors may submit supplemental digital content 
with a submission to enhance their article's text or include text, tables, and figures outside of 
the specified limits. All supplemental digital content is posted online only. One advantage of 
including material as SDC is that SDC has no limitation of space or length. SDC may include 
the following types of content: text documents including very detailed methods, graphs, 
tables, figures, graphics, illustrations, audio, and video. Authors are encourages to submit 
related but not essential tables (e.g., large tables of articles cited in a meta-analysis, or a large 
demographic table of a study population) as SDC.  

Notes: All online-only materials will be subject to peer review and published at the Editor-in-
Chief's discretion. SDC text will not be copyedited. Submit contente exactly as intended to be 
displayed (including legends). No errata will be written for SDC content. No patient-
identifying information should be used in SDC unless written consent from the patient, the 
patient's parents or the patient's guardian has been obtained. Documentation regarding this 
consent must be submitted with the manuscript. Copyright and Permission forms for article 
content including SDC must be provided at the time of submission.  

Guidelines for Submitting Supplemental Digital Content (SDC):  



 Each piece of supplemental content should be uploaded in a separate file 
 Cite all supplementary content consecutively in the text and independently from any 

figures or tables. 
 All Online-only Materials, no matter the type, should be listed and labeled 

consecutively "Supplemental Digital Content" 
 Example of separate numbering for all SD Content: 

 Video, Supplemental Digital Content 1 
 Table, Supplemental Digital Content 2 
 Figure, Supplemental Digital Content 3 

 Meanwhile, you will still have Figure 1, Figure 2, Table 1, Table 2, etc. 
 Citations should include the type of material submitted, be clearly labeled as 

"Supplemental Digital Content," include a sequential number, and provide a brief 
description of the supplementary content. 

 Example of a citation within text: (See Video, Supplemental Digital Content 1, 
which demonstrates the degrees of flexibility in the elbow) 

 Provide a separate legend of online supplementary materials at the end of the 
text. List each item in the order in which the material is cited in the text. The legends 
must be numbered to match the citations from the text.  

Supplemental Digital Content Size & File Type Requirements: To ensure a quality 
experience for those viewing supplemental digital content, it is suggested that authors submit 
supplemental digital files no larger than 10 MB each. Documents, graphs, and tables may be 
presented in any format. Figures, graphics, and illustrations should be submitted with the 
following file extensions: .tif, .eps, .ppt, .jpg, .pdf, .gif. Audio files should be submitted with 
the following file extensions: .mp3, .wma. Video files should be submitted with the following 
file extensions: .wmv, .mov, .qt, .mpg, .mpeg, .mp4. Video files should also be formatted 
with a 320 X 240 pixel minimum screen size. For more information, please review Wolters 
Kluwer's requirements for submitting supplemental digital content: 
http://links.lww.com/A142.  

Reviewers: The JPGN editors encourage authors to submit names, departments, institutions, 
and e-mail addresses of 3-7 potential reviewers with appropriate expertise to evaluate the 
manuscript. These potential reviewers should be outside all authors' institution(s) and have no 
known potential conflicts of interest. Please also submit names of persons who should not be 
asked to review the manuscript due to potential conflicts of interest. Final choice of 
reviewers, however, remains with the editors.  

OPEN ACCESS 
Wolters Kluwer's hybrid open access option is offered to authors whose articles have been 
accepted for publication. With this choice, articles are made freely available online 
immediately upon publication. Authors may take advantage of the open access option at the 
point of acceptance to ensure that this choice has no influence on the peer review and 
acceptance process. These articles are subject to the journal's standard peer-review process 
and will be accepted or rejected based on their own merit. 



 
Authors of accepted peer-reviewed articles have the choice to pay a fee to allow perpetual 
unrestricted online access to their published article to readers globally, immediately upon 
publication. The article processing charge for Journal of Pediatric Gastroenterology and 
Nutrition is $3,000. The article processing charge for authors funded by the Research 
Councils UK (RCUK) is $3,800. The publication fee is charged on acceptance of the article 
and should be paid within 30 days by credit card by the author, funding agency or institution. 
Payment must be received in full for the article to be published open access. 
 
Please note: There may be a short delay in PAP for open access articles. 
 
Authors retain copyright 
Authors retain their copyright for all articles they opt to publish open access. Authors grant 
Wolters Kluwer a license to publish the article and identify itself as the original publisher. 
 
Creative Commons license 
Articles opting for open access will be freely available to read, download and share from the 
time of publication. Articles are published under the terms of the Creative Commons License 
Attribution-NonCommerical No Derivative 3.0 which allows readers to disseminate and 
reuse the article, as well as share and reuse of the scientific material. It does not permit 
commercial exploitation or the creation of derivative works without specific permission. To 
view a copy of this license visit: http://creativecommons.org/licenses/by-nc-nd/3.0. 
 
Compliance with NIH, RCUK, Wellcome Trust and other research funding agency 
accessibility requirements 
A number of research funding agencies now require or request authors to submit the post-
print (the article after peer review and acceptance but not the final published article) to a 
repository that is accessible online by all without charge. As a service to our authors, Wolters 
Kluwer identifies to the National Library of Medicine (NLM) articles that require deposit and 
transmits the post-print of an article based on research funded in whole or in part by the 
National Institutes of Health, Howard Hughes Medical Institute, or other funding agencies to 
PubMed Central. The revised Copyright Transfer Agreement provides the mechanism. 
Wolters Kluwer ensures that authors can fully comply with the public access requirements of 
major funding bodies worldwide. Additionally, all authors who choose the open access option 
will have their final published article deposited into PubMed Central. 
 
RCUK and Wellcome funded authors can choose to publish their paper as open access with 
the payment of an article process charge (gold route), or opt for their accepted manuscript to 
be deposited (green route) into PMC with an embargo. 
 
With both the gold and green open access options, the author will continue to sign the 
Copyright Transfer Agreement (CTA) as it provides the mechanism for Wolters Kluwer to 
ensure that the author is fully compliant with the requirements. After signature of the CTA, 
the author will then sign a License to Publish where they will then own the copyright. Those 



authors who wish to publish their article via the gold route will be able to publish under the 
terms of the Attribution 3.0 (CCBY) License. To view of a copy of this license visit: 
http://creativecommons.org/licenses/by/2.0/. Those authors who wish to publish their article 
via the green route will be able to publish under the rights of the Attribution Non-commercial 
3.0 (CCBY NC) license (http://creativecommons.org/licenses/by-nc/2.0/). 
 
It is the responsibility of the author to inform the Editorial Office and/or Wolters Kluwer that 
they have RCUK funding. Wolters Kluwer will not be held responsible for retroactive 
deposits to PMC if the author has not completed the proper forms. 
 
FAQ for open access 
http://links.lww.com/LWW-ES/A48 

PRE-SUBMISSION CHECKLIST 
Please use the following checklist to decrease the likelihood that your manuscript will be 
returned: 

1. Title Page: Check for appropriate length and wording of the title. Title page should be 
on separate page from the abstract and manuscript. 

2. Author and co-author information: Provide details for all of the authors/co-authors 
and corresponding author on the title page. The authors should be listed as: first name 
first, middle name second if applicable and family name last (bold surname/family 
name). Verify that co-author names, titles, affiliations and degrees are accurate and 
current. 

3. On a separate page, list each author and his/her respective roles in the submitted work, 
documenting appropriate input for authorship 
(http://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html#two). 

4. Manuscript length and formatting: Check that the length of the manuscript and 
abstract do not exceed the maximum word count and are formatted as per instructions 
to authors for each. Abstract should be on a separate page from the title page and 
manuscript. See Article Type Chart for length and abstract guidelines.  

5. Figures: Do not embed figures in manuscript. Cite the figures in the text of the 
manuscript. Provide figure legends on a separate page. Check that the figures and 
supplementary figures are formatted as indicated in instructions to authors. Each 
figure should be in a separate file (uploaded individually).  

6. Tables: Do not embed tables in manuscript. Cite the tables in the text of the 
manuscript. Provide table legends. Check that the tables and supplementary tables are 
formatted as indicated in instructions to authors. Each table should be in a separate 
file (uploaded individually). 

7. References: Make sure each reference is cited in the text, references are formatted per 
instructions to authors and the quantity does not exceed maximum for the article type. 
Double check the accuracy of each reference (spelling of names, page numbers, 
proper journal abbreviation, etc.) as any errors are the authors' responsibility. 



8. Supplementary files and appendices: Make sure files are formatted per instructions to 
authors and cited in main text. Add legends to figure(s) and/or table legend(s) in the 
manuscript or as supplementary digital content as needed.  

9. JPGN requires that authors of Original Articles including Clinical Trials comply with 
one of the appropriate reporting guidelines endorsed by the EQUATOR Network (i.e., 
CONSORT, PRISMA, STARD, SQUIRE, and MOOSE). More information may be 
found at http://www.equator-network.org and http://www.equator-
network.org/library/.  
 
For studies falling into the categories covered by these checklists, authors need to 
submit a formal checklist at the end of the manuscript at the time of submission. This 
ensures faster review turnaround since many of the points on the checklist ensure 
improved ease of review. 

10. Ethics: Make sure to include the necessary ethical approval/clearance, clinical trial 
and/or parental or guardian approval information where applicable. If the submission 
is a clinical trial, include documentation that the project was registered in a public 
trials registry prior to enrollment of the first subject. 

11. Permissions: If using previously published materials, include permission to re-use the 
material obtained from the copyright holder as Supplemental Data and acknowledge 
the source in your legend. 

12. Reviewers: Provide names, email addresses and other pertinent information for 
suggested reviewers and/or non-preferred reviewers, if applicable. 

13. Revised manuscripts: include a point-by-point response to the comments of each 
reviewer in one separate file from the marked revision. The marked revised 
manuscript should show the revisions with hi-lighting in yellow or red text. 

14. Copyright Transfer Agreement: All co-authors must respond to the e-mail regarding 
authorship and answer the questionnaire. If they are unable to respond to the e-mail, 
they must include a completed and signed copyright transfer agreement Submissions 
cannot be published without them. 

AFTER ACCEPTANCE 

Publication Ahead-of-Print (PAP): PAP provides rapid access to important new data, and 
enables authors to cite their work promptly. All accepted submissions with completed 
copyright and disclosure forms will be published in manuscript form online within 
approximately 5 business days with a watermark denoting "accepted draft". To avoid errors 
and delays, submitted manuscripts must be carefully proofed by authors prior to final 
submission. Typos and other textual errors may delay final acceptance, or may be 
published online with errors that were not detected by the reviewers and will not be 
corrected until the final print version. 

Press Release: Occasionally an accepted article is selected for a press release. PAP posting 
of the manuscript will be held until the press release is completed by the Publisher and 
approved by the corresponding author. PAP will occur simultaneously with distribution of the 
press release.  



Electronic page proofs and corrections: Corresponding authors will receive electronic page 
proofs to check the copyedited and typeset article before publication. Portable document 
format (PDF) files of the typeset pages and support documents (e.g., reprint order form) will 
be sent to the corresponding author via e-mail. Complete instructions will be provided with 
the e-mail for downloading and marking the electronic page proofs. Corresponding author 
must provide an email address. The proof/correction process is done electronically.  

It is the author's responsibility to ensure that there are no errors in the proofs. Authors who 
are not native English speakers are strongly encouraged to have their manuscript carefully 
edited by a native English-speaking colleague. Changes that have been made to conform to 
journal style will stand if they do not alter the authors' meaning. Only the most critical 
changes to the accuracy of the content will be made. Changes that are stylistic or are a 
reworking of previously accepted material will be disallowed. The publisher reserves the 
right to deny any changes that do not affect the accuracy of the content. Authors may be 
charged for alterations to the proofs beyond those required to correct errors or to answer 
queries. Electronic proofs must be checked carefully and corrections returned within 24 to 48 
hours of receipt, as requested in the cover letter accompanying the page proofs.  

Reprints: Authors will receive an email notification with a link to the order form soon after 
their article publishes in the journal (https://shop.lww.com/author-reprint). Reprints are 
normally shipped 6 to 8 weeks after publication of the issue in which the item appears. 
Contact the Reprint Department, Lippincott Williams & Wilkins, 351 W. Camden Street, 
Baltimore, MD 21201; Fax: 410.558.6234; E-mail: authorreprints@wolterskluwer.com with 
any questions.  

CME: Accepted manuscripts may be selected to offer continue medical education (CME). If 
so, the Editorial Office/CME Editor will send an invitation to the communicating author 
requesting materials such as a list of 3-4 learning objectives and 5 multiple choice test 
questions. If invited, it is important to meet the deadlines for CME submission and revisions. 
Failure to do so could result in publication delays. CME and MOC 2 Credit may also be 
available for the authors who develop the CME material; further information will be provided 
as this becomes available. 

Fees: JPGN does not charge submission fees, page fees, or color figure fees.  

EDITORIAL OFFICE CONTACTS: 
Manuscript Submission:  
http://jpgn.edmgr.com  

NASPGHAN Editor:  
Melvin B. Heyman, MD, MPH  
Pediatric Gastroenterology and Nutrition Endowed Chair 
Professor of Pediatrics  
Department of Pediatrics, Division of Pediatric Gastroenterology, Hepatology and Nutrition 



University of California, San Francisco  
San Francisco, CA  

NASPGHAN Managing Editor: 
Marianna Hagan 
Email: marianna.hagan@wolterskluwer.com  
Phone: 215-521-8816 
Fax: 215-827-5586  

ESPGHAN Editor: 
Prof. Hania Szajewska, M.D. 
The Medical University of Warsaw 
Department of Paediatrics 
Zwirki i Wigury 63A, 02-091 Warsaw, Poland 
 
ESPGHAN Managing Editor: 
Phyllis Barr 
Phone: 610-205-9318, 972-52-578-3708  
Email: jpgneueditor@gmail.com 
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1.1 Does this protocol receive US Federal funding? IO Yes I Ql<Jo
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1. Turnitin Submission: This thesis/dissertation has been submitted to the Turnitin
module (or an equivalent similarity and originality checking software) as required for the
completion of my degree.

2. Original Work: The work presented in this thesis/dissertation is my own, and any
references to the work of others have been appropriately cited and acknowledged.

3. Supervisor Review: My Turnitin report has been reviewed by my supervisor, and any
concerns identified regarding similarity or potential plagiarism have been resolved
through consultation.

Student Name: Tshepang Mokoto

Student Number: MKTTSH036

Signature: ____________________________________________ 
Date: 12 October 2024

Please attach your Turnitin report to this declaration

Section B: Supervisor Authentication

I, the undersigned, confirm that:

1. Review of Turnitin Report: I have reviewed the Turnitin report for the thesis/dissertation
submitted by [Student Name] Tshepang Mokoto. The similarity index percentage and
details have been thoroughly examined.

2. Assessment of Concerns: Any issues or concerns revealed by the Turnitin report have
been discussed with the student and resolved to ensure compliance with the
university's academic integrity standards.

3. Originality Confirmation: Based on my review, I verify that the thesis/dissertation is
original, and the content adheres to the required academic standards for citation and
referencing.

Supervisor Name: Dr Ronalda Jacqueline de Lacy

Signature: ____________________________________________
Date:

me: Dr Rona

____________
14/10/2024




