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Introduction 

Neonatal cholestasis (NC) is a relatively common clinical problem, representing a complex diagnostics challenge for doctors 

[1]. Neonatal cholestasis is characterized by conjugated hyperbilirubinemia in the newborn and young infant and is a sign 

common to over 100 hepatobiliary and/or metabolic disorders Neonatal cholestasis is generally defined as prolonged 

conjugated hyperbilirubinemia occurring in the neonatal period and lasting more than 2 weeks [2, 3]. Neonatal cholestasis was 

defined as serum direct bilirubin > 1.0 mg / dL according to a definition from the North American Society for Pediatric 

Gastroenterology, Hepatology and Nutrition and the guidelines of the European Society for Pediatric Gastroenterology, 

Hepatology, and Nutrition (NASPGHN / ESPGHN) [4-6]. Cholestatic jaundice is highly prevalent in children, affecting one 

in 2,500 newborns. The signature characteristic of cholestatic jaundice is serum-conjugated bilirubin [7, 8]. However, neonatal 

jaundice manifestations are multifactorial, that include biliary atresia (BA), neonatal hepatitis (NH), metabolic disorders, 

infections, and other structural abnormalities [9, 10].  

In developed countries, such as Germany and the United States, it is mainly diagnosed in children aged 60 days. Prompt 

assessment of its etiology is critical to quickly identify treatable causes, many of which usually benefit from early therapy, 

such as biliary atresia [11, 12]. Once the diagnosis of direct hyperbilirubinemia is established in children, the main diagnostic 

concern is to differentiate the hepato-cellular from obstructive cholestasis [13]. Though in rare cases, potentially very high 

levels of bilirubin have also been reported [14, 15]. However, the detrimental effect of increased bilirubin such as brain damage 

is limited to the lower- and middle-income countries. Higher-income countries have very few cases reported for brain damage 

in high bilirubin cases [16]. Therefore, in middle- and low-income countries, early detection, and therapy initiation is the key 
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Neonatal cholestasis (NC) initiates in the first trimester of a newborn, comprising extra and 

intrahepatic medical conditions, with a high risk of fatality warranting early diagnosis and treatment 

to prevent morbimortality. The differential diagnosis of NC is a challenge demanding an accurate 

diagnosis for disease detection. The current study evaluates NC's clinical symptoms and differential 

diagnosis using ultrasound, liver biopsy, histopathology, and biochemistry. Infant registry data from 

Hevi Pediatric Teaching Hospital (January 2016 - January 2022) were obtained and screened for 

subject selection. The inclusion criteria include infants with direct hyperbilirubinemia within an 

onset of 15 to 90 days of birth. As indicated, the recruited subjects underwent liver ultrasound, blood 

biochemistry, and liver biopsy. Seventy-two children presented with the criteria for inclusion in the 

study. The study found that ultrasound helped diagnose 43.1% of subjects for biliary atresia (BA) 

compared to 34.7% through histopathology. The histopathology confirmed 13 children (18.1%) 

having neonatal hepatitis. Test sensitivity of the ultrasound method for BA and neonatal hepatitis 

(NH) was 60% (40.74, 76.6) and 38.46% (17.71, 64.48), respectively. The study found both 

ultrasound and liver biopsy to be critical diagnostic methods to differentiate the etiology of NC. 

Ultrasound has a higher specificity and sensitivity for diagnosing BA than NH. Histopathology and 

blood biochemistry should be considered, too, for effective diagnosis. In the future, larger sample 

and multicenter studies should be conducted to develop practically implementable strategies. 
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to preventing liver damage, while improper management prone neonates to hepatic encephalopathy and end-stage hepatic 

damage. 

In neonatal cholestasis, it is imperative for early diagnosis and surgical correction of medical conditions such as BA to prevent 

any fatal damage to the liver or any other organ. BA’s signature clinical symptom is triangular cord sign (TC) which can be 

diagnosed through different diagnostic approaches. Ultrasound has been the standard diagnostic method to detect this fibrous 

ductal remnant that usually looks thick tubular echogenic density on the plate. It is usually located at the anterior region of the 

portal vein where; the vein has bifurcated into right and left branches. TC is a reliable and time-saving characteristic of BA 

that can be estimated through ultrasound. Anyway, apart from the TC and the physical examination, NC identification and 

management might be challenging, especially in middle-income countries [14, 16, 17]. It is well-known that changes in the 

panorama of diseases and population health needs have rendered the existing primary healthcare system often unable to treat 

health-related needs in Iraq. An early diagnosis of diseases such as NC might reduce healthcare costs and improve patient 

outcomes.  

Thus, this study aims to describe the clinical manifestations, causes, and characteristics of NC, and the strategy to employ liver 

ultrasound and liver biopsy to make an early diagnosis in Hevi Pediatrics Teaching Hospital. It also represents one of the first 

few attempts at data collection and analysis over a long period in the Kurdistan Region and Iraq. Hevi Pediatrics Teaching 

Hospital is a small 190 beds hospital in Duhok Province in the northern Kurdistan Region of Iraq serving a large population 

of approximately 2.4 million, and an average daily visit of 150 cases. A continuous series of conflicts and wars have caused a 

ceaseless flow of refugees and internally displaced persons. In the last 10 years, more than one million persons have sought 

refuge in Duhok Province which counts as a local population. Early disease detection might properly meet patients’ needs and 

healthcare system requests in a low-cost country income.  

Materials and Methods 

Study Design 

A review of infants with NC who were admitted to Hevi pediatric teaching hospital in Duhok City from January 2016 to 

January 2022 was conducted. 

Setting and Sample 

The Hevi Pediatric Teaching Hospital has 190 beds: 29 for the Intensive Care Department, 111 for the Pediatric Department, 

26 for the Emergency Department, and 24 for the Surgical Department. Hevi is the only third-level pediatric hospital in the 

entire Duhok province, thus all critically ill or life-threatening patients are transferred to it, which is the referral hospital for 

about one million people. Pediatric patients hospitalized at Hevi Hospital and aged from 15 to 90 days were included in this 

study. The inclusion included children presenting jaundice, clay-colored stools, colored urine, hepatosplenomegaly, history of 

prolonged direct hyperbilirubinemia (> 2 mg/dL), family history of liver disease, and underwent medical assessment, blood 

analysis, and liver ultrasound. 

A liver biopsy was performed when NC could not be diagnosed through ultrasound. All children presented with direct 

hyperbilirubinemia due to hemolytic diseases were excluded from the study. In addition, children who underwent liver biopsies 

for reasons other than determining the etiology of cholestasis were excluded from the study. 

Data Collection  

Baseline assessments, involving demographic characteristics, were performed for all enrolled cases. Exposure factors focused 

mainly on the socio-economic family background, and the course of mothers’ pregnancy, including infection, disease, or 

consanguinity. Furthermore, children’s signs and symptoms and the type of milk taken were recorded. Blood analysis results 

were reordered. Moreover, collected data included indications for liver biopsy, date, children’s age, and laboratory results 

before liver biopsy. 

Procedure  

All patients who were selected to participate in the study underwent physical assessment, blood tests, and liver ultrasound. To 

perform a physical assessment, children’s clothes were taken off in a lighted environment and digital pressure was performed 

to eliminate erythema. The degree of jaundice was measured and the jaundice intensity was scored using the Kramer score. 

Kramer score is a tool that allows healthcare professionals to assess jaundice severity by examining the spread of the jaundice 

dermally in the body. The Kramer score defines the entire body in six scoring zones. The zone from head to the neck is scored 

as 1, score 2 is given for trunk to the umbilicus, score 3 is given for the groin that also includes upper thighs, 4 score for 

extremities from knees to ankle, elbows to the wrist, and lastly scores 6 for hands and feet that is inclusive of soles and palms 

[18]. 

All blood tests and metabolic screens were analyzed by the same laboratory technician. To perform a liver ultrasound, not any 

pre-test patient preparation was performed. The ultrasound exam was performed with a high-frequency transducer. Siemens 

Acuson S1000 ultrasound machine was used; all ultrasound scans were performed by the same technician. During the 

ultrasound, the presence of the gallbladder, portal vein, sign of the triangular cord, and intrahepatic bile ducts were observed. 
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Liver biopsy has been considered the most accurate, specific, and sensitive diagnostic testing in NC and can help differentiate 

NC from other etiologists. Moreover, histopathology can indicate other specific diagnoses. The accuracy of liver biopsy 

histology for predicting the diagnosis of BA ranges from 85 to 95% [19]. Before performing the biopsies, the children’s parents 

signed a consent to the procedure, and parents were asked to fast their child for 4 hours before the procedure.  

All biopsies were performed under an aseptic technique and local anesthesia with lidocaine 2%. After skin cleansing was 

performed with 2% chlorhexidine, an 18 Gauge cannula was inserted into the liver through the skin of the right hypochondrium 

under an ultrasound guide. A liver biopsy specimen of approximately 1.5 cm in length and 1-2 mm in width was considered 

adequate. Vital signs were measured throughout the procedure. A compressive dressing was placed at the end of the 

procedures, and children were rolled on the right side and kept under observation for 4 hours. Though, as a precaution, fresh 

frozen plasma, vitamin K, and blood were prepared in case of any emergency. 

Statistical Analysis 

The first step is data collection and structuring for further analysis. Therefore, Microsoft Excel (the latest version) was used 

for data entry, data cleaning, and categorization. The data were cross-verified to ensure, the missing data and wrong data are 

eliminated before statistical analysis. IBM’s statistical software, SPSS version 20.0 (IBM Corp., Armonk, NY, USA) was used 

for analyzing the data. We employed uni-variate analysis; the chi-square test was used for categorical variables. For the 

continuous variables, the Student’s t-test/Wilcoxon test was used. Descriptive statistics were used to analyze the demographic 

variables and other parameters. The standard deviation (SD), medians (Interquartile ranges), and percentages have been used 

to present the means. The statistical significance was set t P value less than 0.05.  

Ethical Considerations 

The study followed international guidelines of ethics to ensure the privacy and confidentiality of the subjects. The participant 

data was appropriately stored, and access was restricted to only the authors of the study. Similarly, the data collected 

maintained anonymity by using numbers to designate the patients. Consent for the study was obtained from the Directorate 

General of Health (city name) for utilizing data in the present study (Protocol n. 1342022-2-14/13 April 2022), Consent from 

parents (guardians) was obtained for all infants. 

Results and Discussion 

A total of 4836 children have been hospitalized in the period January 2016- January 2022 at Hevi Pediatric Teaching Hospital. 

Of these children, 72 (1.5%) were eligible for inclusion in the study. Sample characteristics are described in Table 1. Patients 

were mainly females (56.9%), born at 38 weeks gestational age via vaginal delivery (75%). Their mean age in days was 45.11 

±18.87 and their weight in kilograms was 4.25 ± 1.32. In 90.3% of cases, children’s mothers were not affected by any disease. 

Only 7 mothers had diseases such as hypertension (n= 4), kidney disease (n= 2), and diabetes mellitus (n= 1). Parents were 

blood relatives in 25% of cases, and the majority of children did not have a family history of jaundice. Finally, children were 

mainly fed with both breastfeeding and formula (81.9%). Signs and symptoms of patients are indicated in Table 2. Patients 

who underwent assessment presented with jaundice from 1 to 7 days. The jaundice onset in the most of children (48.6%) 

occurred within 3 days and 51.4% of them presented with a grade III jaundice. Stools appeared acholic in 36.1% of children, 

while urine was dark in 47.2% of them.  

 

Table 1. Sample Characteristics 

Parameters N % 

Gender 
Male 31 43.1 

Female 41 56.9 

GESTATIONAL AGE (Weeks) 

30-34 6 8.3 

34-36 8 11.1 

37- 40 58 80.6 

Type of Delivery 
Vaginal 54 75 

Cesarean 18 25 

Mother's Diseases 

No disease present 65 90.3 

Diabetes Mellitus 1 1.4 

Hypertension 4 5.6 

Kidney disease 2 2.8 

Parent's Consanguinity 
No 54 75 

Yes 18 25 

Family History of Jaundice No 64 88.9 
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Yes 8 11.1 

Type of Milk 

Breastfeeding 9 12.5 

Formula 4 5.6 

Mixed 59 81.9 

 

Table 2. Signs and Symptoms 

Parameters No. % 

Day of Jaundice Onset 

1 2 2.8 

2 11 15.3 

3 35 48.6 

4 20 27.8 

5 3 4.2 

7 1 1.4 

Grading of the Extent of Jaundice 

Grade 1 4 5.6 

Grade 2 29 40.3 

Grade 3 37 51.4 

Grade 4 2 2.8 

Stool Color 
Normal 46 63.9 

Acholic 26 36.1 

Dark Urine 
No 38 52.8 

Yes 34 47.2 

As reported in Table 3, only 20 patients (27.8%) presented with hepatomegaly at medical assessment. Splenomegaly was 

detected only in 15.3% of cases. Ultrasounds revealed the triangular cord sign in 31 children (43.1%). Biopsy was performed 

in 69 patients; in 3 patients the diagnosis of NC was performed with no further investigations apart from medical assessment 

and ultrasounds. When the biopsy was performed, the children’s mean age was 35 ± 18 days. Biopsy showed BA in 26 patients 

(36.1%). In 22 patients (30.6%), the causes of signs and symptoms remained unknown, while neonatal hepatitis has been 

diagnosed in 13 children (18.1%). Chronic morbidity was the outcome in 43 children (59.7%). Blood test results are reported 

in Table 4. Sixty percent of children with histopathologically confirmed BA had triangular cord signs compared to 36.4% of 

children who had no BA on histopathology. This difference was statistically significant (p = 0.05). Triangular cord sign on 

ultrasound was found in 38.5% of children with confirmed NH compared to 46.4% of children with no NH histopathologically. 

This difference was not statistically significant (p= 0.60). The sensitivity and specificity of performed histopathology tests 

were calculated by using the Wilson score with a 95% confidence interval. 

 

Table 3. Results from Medical Tests 

Parameters No. % 

Hepatomegaly on Clinical Examination 
No 52 72.2 

Yes 20 27.8 

Splenomegaly on Clinical Examination 
No 61 84.7 

Yes 11 15.3 

Biliary Tract Findings on Ultrasounds 
Triangular cord sign 31 43.1 

No triangular cord sign 41 56.9 

Histopathological Findings of Biopsy 

Biliary atresia 25 34.7 

Neonatal hepatitis 13 18.1 

Intrahepatic bile duct paucity 1 1.4 

Genetic and metabolic cause 5 6.9 

Infective cause 2 2.8 

Unknown cause 22 30.6 

Missing 3 4.2 

Outcome Cured 16 22.2 
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Chronic morbidity 43 59.7 

Death 13 18.1 

 

Table 4. Blood tests results 

 Mean Min. Max. Std. Dev. 

TSB in mg/dL 10.6 3.1 42 6.3 

Direct serum bilirubin in mg/dL 5.98 2 30 3.96 

Indirect serum bilirubin in mg/dL 4.7 1 20.00 3.7 

Packed cell volume (Hematocrit) PCV 35.98 20 61.00 7.1 

ALT in U/L 183.96 20 676.00 140.7 

AST in U/L 177.86 23 700.00 132.4 

ALP in IU/L 303.1 85 911.00 189 

Haemoglobin in gm/dL 10.89 6 14.00 1.9 

White blood cells per microliter 8467 2500 28000 4707 

Platelet per microliter 193222 60000 665000 126814 

Serum albumin in gm/L 3.5 2.3 4.20 .38 

PT in seconds 16.5 11.7 45.0 6.5 

aPTT in seconds 31.9 16 98.0 11.6 

TSH in mU/L 3.5 1 35.00 4 

TSB= Total serum bilirubin; ALT= Alanine aminotransferase; AST= Aspartate transaminase; ALP= Alkaline phosphatase; PT= Prothrombin time; aPTT= 

Partial thromboplastin time; TSH= Thyroid stimulating hormone 

 

Table 5 shows the validity of triangular ultrasound signs on ultrasound to detect biliary atresia. It has a sensitivity of 60% 

(40.74, 76.6), a specificity of 70% (57.17, 80.86), a positive predictive value of 48% (31.97, 65.16), a negative predictive value 

of 79% (65.74, 88.27), a likelihood ratio for positive test of 2.025(1.642 - 2.497), and a likelihood ratio for negative test of 

0.5684(0.4572 - 0.7067). The diagnostic accuracy was found to be 67% (56.15, 76.45). 

 

Table 5. Screening Test Evaluation (ultrasound) for Biliary Atresia 

Biliary atresia 

 Positive Negative 

Positive triangular cord sign 15 16 

Negative triangular sign 10 28 

Parameter Estimate Lower - Upper 95% CIs Method 

 

Sensitivity 60% (40.74, 76.6) Wilson Score 

Specificity 70.37% (57.17, 80.86) Wilson Score 

Positive Predictive Value 48.39% (31.97, 65.16) Wilson Score 

Negative Predictive Value 79.17% (65.74, 88.27) Wilson Score 

Diagnostic Accuracy 67.09% (56.15, 76.45) Wilson Score 

Likelihood ratio of a Positive Test 2.025 (1.642 - 2.497)  

Likelihood ratio of a Negative Test 0.5684 (0.4572 - 0.7067)  

 

Suppl. Table 1 shows the screening test employed (liver biopsy) for neonatal hepatitis with 85.7% sensitivity and 95% 

specificity. 

Table 6 shows the validity of triangular ultrasound signs on ultrasound to neonatal hepatitis. It has a sensitivity of 38.46% 

(17.71, 64.48), a specificity of 53.57% (40.7, 65.98), a positive predictive value of 16.13% (7.093, 32.63), a negative predictive 

value of 78.95% (63.65, 88.93), a likelihood ratio for positive test of 0.8284(0.4103 - 1.673), and a likelihood ratio for negative 

test of 1.149 (0.8496 - 1.553). The diagnostic accuracy was found to be 50.72% (39.21, 62.2). 

 

Table 6. Screening Test Evaluation (ultrasound) for Neonatal Hepatitis 
 Positive Negative 

Positive triangular cord sign 5 26 

Negative triangular sign 8 30 

 Estimate Lower - Upper 95% CIs Method 
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Sensitivity 38.46% (17.71, 64.48) Wilson Score 

Specificity 53.57% (40.7, 65.98) Wilson Score 

Positive Predictive Value 16.13% (7.093, 32.63) Wilson Score 

Negative Predictive Value 78.95% (63.65, 88.93) Wilson Score 

Diagnostic Accuracy 50.72% (39.21, 62.17) Wilson Score 

Likelihood ratio of a Positive Test 0.8284 (0.4103 - 1.673)  

Likelihood ratio of a Negative Test 1.149 (0.8496 - 1.553)  

 

Suppl. Table 2 shows the screening test employed (ultrasound) for neonatal hepatitis with 23.3% sensitivity and 97.1% 

specificity.  

Neonatal cholestasis implicates severe hepato-biliary disease that requires early assessment, recognition, and intervention to 

prevent serious fatalities, such as severe liver decompensation [20]. The evaluation of neonatal cholestasis is a challenging 

issue; therefore, the current study was carried out to evaluate liver biopsy and ultrasound for early diagnosis of the condition 

considering BA and NH as primary clinical manifestations to be recognized. The ultrasound technology could differentiate 

between BA and NH, the two most common etiology of NC. Similarly, the medical examination and assessment helped in 

confirming the clinical symptoms of NC [21].  

The study sample has more females (58.9%), and the jaundice onset was observed among 49% approximate sample population, 

with 51.4% representing grade III jaundice. Research suggests male gender is more associated with neonatal cholestasis; 

however, the uneven gender-wise distribution does not seem to affect the sample [11, 22]. More than half of the population 

demonstrated grade II jaundice. The mean age of our sample was found to be 45.11 ± 18.87, and weight in kilograms was 

found to be 4.25 ± 1.32. Differing from other reported studies due to the difference in sample selection strategy [21]. Infant 

jaundice initiates from the second day onwards and achieves peak from the sixth to the fourteenth day, and our results are 

within the range period. Another factor contributing to the lesser mean age for jaundice onset is pre-term birth before 38 weeks 

[23, 24].  

In our study sample, 27.8% and 15.3% presented with hepatomegaly and splenomegaly. Although our study findings differ 

from other studies reported in Iraq, Al-Azzawi et al. (2013) reported 77.1% hepatomegaly and 54.3% splenomegaly, and the 

trend is similar to hepatomegaly percentage is higher than splenomegaly. The percentage difference is due to the difference in 

the sample's age of onset, impacting the disease course. The clinical symptoms identified in the current sample are consistent 

with Azzawi et al. (2013) study that evaluated cholestasis in infants in Iraq [25, 26].  

Diagnosing Neonatal cholestasis is challenging in clinical scenarios due to overlapping symptoms with other medical 

conditions and a lack of proper awareness. The gold standards for diagnosing BA and NH in the study sample are ultrasound 

and liver biopsy. The triangular cord sign is the signature clinical indicator of biliary atresia. The current study reported 31 

children (43.1%) having triangular cord signs as a diagnostic of BA, consistent with Al-Azzawi's study (2011), where 44% of 

the sample population was found to have BA (ultrasound measured). However, liver biopsy diagnosed BA in 36.1% of the 

population. Contrasting to the present study, the previous study reported 22% BA in the sample population contributing 

towards NC. The high percentage of BA found in our study reconfirms that BA is the most common cause of neonatal 

cholestasis [25]. Ultrasound has been the baseline diagnostic method employed to differentiate etiologic causes (intra and 

extrahepatic) of NC. Triangular cord sign identification in diagnosing biliary atresia can be difficult in case of liver hilum 

inflammation that hides the triangular cord sign [27, 28]. Neonatal hepatitis diagnosis stood at 18.1% measured by liver biopsy, 

implicating that the characteristic changes of BA, which start after nine weeks of age, may not have been captured by the 

biopsy method. The study’s chronic morbidity and mortality were 60% and 18%, consistent with the previous study. This 

suggests that late referral, convincing parents of the procedures, and time taken to carry out liver biopsy could be the 

contributing factors [28, 29].  

The blood tests, irrespective of BA and NH, revealed that most blood parameters are above the normal range—the total serum 

bilirubin. Hyperbilirubinemia was observed in the present study sample, which can be due to increased bilirubin production, 

reduced uptake by the liver, and reduction in bile excretion that increases the levels of total serum bilirubin, conjugated and 

unconjugated bilirubin too. The increased indirect bilirubin level is due to the increased bilirubin production (<6mg/dl). 

Similarly, poor uptake and excretion results of bilirubin result in increased direct bilirubin levels observed in our study. The 

trends and patterns in bilirubin tests are comparable and consistent with other reported studies. 

Similarly, the levels of hepatocyte enzymes alanine aminotransferase, aspartate aminotransferase, and alkaline phosphatase 

are elevated in cholestatic infants. The levels of these three hepatocyte enzymes obtained in our study are consistent with other 

reported studies [30, 31]. The PT test was carried out to evaluate the liver's synthesizing ability for Vitamin-K-dependent 

clotting factors and fibrinogen. Recent insights from research studies have shown that prolonged PT is due to fat-soluble 

vitamin insufficiency. The study found a reduction in serum albumin levels because of an increased volume of distribution. 

The other test results are comparable and consistent across the studies reported [11]. 

The histopathology findings revealed BA in sixty percent of the patient and 38.5% NH, comparable to other studies regarding 

the trend. Liver biopsy is higher sensitivity, specificity, and accuracy has been reported in different studies [30, 31]. 
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Our study findings suggest the ultrasound method is a better diagnostic approach, with specificity and sensitivity of 70% and 

60% for detecting biliary atresia compared to detecting NH, the sensitivity (53.57) and specificity (33.46%). Our study data is 

consistent and similar to previous studies reporting high specificity (76.1%) and sensitivity (52.6%) of BA detection through 

ultrasound. The trends for positive predictive value for biliary atresia with U/S are consistent with the previous study’s reported 

data [32]. The value difference can be attributed to inter-professional error and machine manufacturing parameters. The 

specificity and sensitivity of U/S in diagnosing biliary atresia and neonatal hepatitis were comparable to previous studies, 

ranging from as low as 23 % -93% in sensitivity and specificity of 80%-98%. There is a paucity of data regarding U/S 

comparison with histopathology or liver biopsy in detecting BA and NH.  

One of the limitations is that breastfeeding as a confounding factor has yet to be addressed in NC. Acholic stool, an early 

indicator of BA, could also result from breastfeeding. The second limitation is more consistency in the statistical methodology 

employed to evaluate ultrasound, liver biopsy, and histopathology. Another limitation is that blood biochemistry data should 

be collected differently for biliary atresia and neonatal hepatitis patient to understand the significance of each biochemical 

marker for early diagnosis. Single-center case study limits generalizing the finding of the study. In the future, comparative 

analysis of diagnostic approaches for Neonatal cholestasis detection, clinical manifestation identification, and cause 

differentiation through thorough statistical methods are required. Similarly, a multicenter study with large population size is 

also warranted to validate the results in a diverse patient category.  

Conclusion 

Neonatal cholestasis remains a diagnostic challenge for clinicians and associated healthcare professionals. The medical 

assessment should be followed as a first step towards proper identification and facilitated as early as possible. Diagnosing 

neonatal cholestasis needs a multi-approach involving ultrasound, liver biopsy, and histopathological data accompanied by 

medical assessment and examination. The study data suggest that ultrasound is a better diagnostic technology to differentiate 

the causal factor for neonatal cholestasis. However, that does not undermine the significance of liver biopsy, biochemical 

studies, and histopathological studies that can facilitate crucial information for a thorough diagnosis. In the future, more 

quantitative data analysis and greater sample size should be considered for evaluating the diagnostic approach for neonatal 

cholestasis diagnosis and treatment strategy development.  

 

Limitations 

The study has several limitations. First, the study was conducted in a single hospital. Second, there was no histopathology 

laboratory at Hevi Pediatric Teaching Hospital, and accordingly, samples were sent to a distance of 360 km in another city 

with the possibility of loss or change to the quality of the sample. Third, no genetic testing or hepatobiliary scan was performed 

to get a more accurate and earlier diagnosis. Fourth, no cholangiography facility is available for the time being, though before 

decades the diagnosis was dependent on open biopsy and laparotomy. Fifth, no GGT was available at the time of research 

conduction. 

Acknowledgments: We want to thank Greta, Stefano, and Federica for reviewing the article. 

A particular thanks to Adnan Anwar for analyzing all the blood samples, Hemin A. Hassan for performing all of the 

histopathology, and Fahmi Omar for performing all the ultrasounds. 

Conflict of interest: None 

Financial support: None 

Ethics statement: The study followed international guidelines of ethics to ensure the privacy and confidentiality of the 

subjects. Consent for the study was obtained from the Directorate General of Health (Duhok) for utilizing data in the present 

study (Protocol n. 1342022-2-14/13 April 2022), Consent from parents (guardians) was obtained for all infants. 

References 

1. Balistreri WF. Neonatal cholestasis. J Pediatr. 1985;106(2):171-84. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/3881579 

2. Gottesman LE, Del Vecchio MT, Aronoff SC. Etiologies of conjugated hyperbilirubinemia in infancy: a systematic 

review of 1692 subjects. BMC Pediatr. 2015;15:192. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26589959 

3. Okazaki T, Miyano G, Yamataka A, Kobayashi H, Koga H, Lane GJ, et al. Diagnostic laparoscopy-assisted 

cholangiography in infants with prolonged jaundice. Pediatr Surg Int. 2006;22:140-3. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16341535 

4. Fox VL, Cohen MB, Whitington PF, Colletti RB. Outpatient liver biopsy in children: a medical position statement of 

the North American Society for Pediatric Gastroenterology and Nutrition. J Pediatr Gastroenterol Nutr. 1996;23(3):213-

6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/8890068 



Yahya and Ramadhan, 2023 

Pharmacophore, 14(5) 2023, Pages 48-56 

55 

5. Farrant P, Meire HB, Mieli-Vergani G. Ultrasound features of the gall bladder in infants presenting with conjugated 

hyperbilirubinemia. Br J Radiol. 2000;73(875):1154-8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/11144791 

6. Lee CH, Wang PW, Lee TT, Tiao MM, Huang FC, Chuang JH, et al. The significance of functioning gallbladder 

visualization on hepatobiliary scintigraphy in infants with persistent jaundice. J Nucl Med. 2000;41(7):1209-13. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/10914911 

7. Dick MC, Mowat AP. Hepatitis syndrome in infancy--an epidemiological survey with 10 year follow up. Arch Dis Child. 

1985;60(6):512-6. Available from: http://www.ncbi.nlm.nih.gov/pubmed/3874604 

8. Hoerning A, Raub S, Dechêne A, Brosch MN, Kathemann S, Hoyer PF, et al. Diversity of disorders causing neonatal 

cholestasis - the experience of a tertiary pediatric center in Germany. Front Pediatr. 2014;2:65. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25003101 

9. Fawaz R, Baumann U, Ekong U, Fischler B, Hadzic N, Mack CL, et al. Guideline for the Evaluation of Cholestatic 

Jaundice in Infants: Joint Recommendations of the North American Society for Pediatric Gastroenterology, Hepatology, 

and Nutrition and the European Society for Pediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr 

Gastroenterol Nutr. 2017;64(1):154-68. Available from: http://www.ncbi.nlm.nih.gov/pubmed/27429428. 

10. Eissa AA, Haji BA, Al-Doski AA. G6PD deficiency prevalence as a cause of neonatal jaundice in a neonatal ward in 

Dohuk, Iraq. Am J Perinatol. 2019;38(06):575-80. doi:10.1055/s-0039-1700854 

11. Feldman AG, Sokol RJ. Recent developments in diagnostics and treatment of neonatal cholestasis. Semin Pediatr Surg.  

2020;29(4):150945. Available from: http://www.ncbi.nlm.nih.gov/pubmed/32861449 

12. Hodgson JM, van Someren VH, Smith C, Goyale A. Direct bilirubin levels observed in prolonged neonatal jaundice: a 

retrospective cohort study. BMJ Paediatr open. 2018;2(1):e000202. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/29637188 

13. Wang KS, Section on Surgery, Committee on Fetus and Newborn, Childhood Liver Disease Research Network. 

Newborn Screening for Biliary Atresia. Pediatrics. 2015;136(6):e1663-9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/26620065 

14. Menz TJ, Herzlinger M, Ross A, Zonfrillo MR. Knowledge, Attitudes, and Behaviors of Pediatric Primary Care 

Providers on Management of Cholestasis. Glob Pediatr Health. 2019;6:2333794X19829757. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/30834282 

15. Narkevich IA, Nemyatykh OD, Medvedeva DM. The structural analysis of medicine range for children receiving 

palliative care. J Adv Pharm Educ Res. 2021;11(4):95-8. doi:10.51847/1oBlZ3tirl 

16. Moghadam MN, Sadeghi V, Parva S. Weaknesses and challenges of the primary healthcare system in Iran: a review. Int 

J Health Plann Manage. 2012;27:e121-31. Available from: http://www.ncbi.nlm.nih.gov/pubmed/22009801 

17. Rezapour-Nasrabad R, Tayyar-Iravanlou F. Hippotherapy and its effect on behavioral and executive disorders in children 

with autism spectrum disorder. J Adv Pharm Educ Res. 2022;12(3):15-20. doi:10.51847/LdkLQittmX 

18. Sampurna MT, Mapindra MP, Mahindra MP, Ratnasari KA, Rani SA, Handayani KD, et al. Kramer Score, an Evidence 

of Its Use Following Indonesian Hyperbilirubinemia Published Guideline. Int J Environ Res Public Health. 

2021;18(11):6173. Available from: http://www.ncbi.nlm.nih.gov/pubmed/34200369 

19. Russo P, Magee JC, Anders RA, Bove KE, Chung C, Cummings OW, et al. Key Histopathologic Features of Liver 

Biopsies That Distinguish Biliary Atresia from Other Causes of Infantile Cholestasis and Their Correlation with 

Outcome: A Multicenter Study. Am J Surg Pathol. 2016;40(12):1601-15. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/27776008 

20. Kim JR, Hwang JY, Yoon HM, Jung AY, Lee JS, Kim JS, et al. Risk Estimation for Biliary Atresia in Patients with 

Neonatal Cholestasis: Development and Validation of a Risk Score. Radiology. 2018;288(1):262-9. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/29634437 

21. Hasan MS, Karim AB, Rukunuzzaman M, Haque A, Akhter MA, Shoma UK, et al. Role of Liver Biopsy in the Diagnosis 

of Neonatal Cholestasis due to Biliary Atresia. Mymensingh Med J. 2018;27(4):826-33. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/30487501 

22. Burlaka I. Approach to correction of apoptotic disorders in children with early diabetic nephropathy. J Adv Pharm Educ 

Res. 2022;12(2):104-9. doi:10.51847/G6i3231Jnm 

23. Chen L, Shuai J, Liu T. Germinal Center-Derived Diffuse Large B-cell Lymphomas with Aberrant Co-expression of 

MUM1 in Adults and Children. Clin Cancer Investig J. 2022;11(5):1-6. doi:10.51847/3FRFymkUPW 

24. Rastogi A, Krishnani N, Yachha SK, Khanna V, Poddar U, Lal R. Histopathological features and accuracy for diagnosing 

biliary atresia by prelaparotomy liver biopsy in developing countries. J Gastroenterol Hepatol. 2009;24(1):97-102. 

Available from: http://www.ncbi.nlm.nih.gov/pubmed/19196397 

25. Al-Azzawi S, Ibraheem M, Mohammad R. Etiology & Prognostic Factors of Fulminant Hepatic Failure In Children (A 

Hospital –Based Study). Iraqi Postgrad Med J. 2013;12(1):26-31. 

26. Pham DT, Ninh NT, Hoang TN, Pham CT, Nguyen LH, Tran TQ, et al. The Effectiveness of Oral Nutritional 

Supplements Improves the Micronutrient Deficiency of Vietnamese Children with Stunting. Arch Pharma Pract. 

2020;11(1):7-13. 

https://doi.org/10.51847/1oBlZ3tirl
http://www.ncbi.nlm.nih.gov/pubmed/27776008


Yahya and Ramadhan, 2023 

Pharmacophore, 14(5) 2023, Pages 48-56 

56 

27. Alzaid A, Alosaimi M, Alkahtani KF, Alshehri BA, Asiri AE, Asiri AM, et al. Saudi Parents' Knowledge, Attitudes, and 

Practices Regarding Antibiotic Use for Upper Respiratory Tract Infections in Children. Int J Pharm Res Allied Sci. 

2020;9(1):115-20. 

28. Mandelia A, Lal R, Mutt N. Role of Hepatobiliary Scintigraphy and Preoperative Liver Biopsy for Exclusion of Biliary 

Atresia in Neonatal Cholestasis Syndrome. Indian J Pediatr. 2017;84:685-90. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/28687948 

29. Solyeyko O, Tsarenko S, Chernykh M, Berezovskiy A, Soleyko L, Fedorchenko O, et al. Integrative Art-therapeutic 

Correction of Psychosomatic Disorders in Children with Undifferentiated Connective Tissue Dysplasia. Arch Pharm 

Pract. 2023;14(1):62-5. doi:10.51847/XnQ5IvbZyY 

30. Hildreth A, Wigby K, Chowdhury S, Nahas S, Barea J, Ordonez P, et al. Rapid whole-genome sequencing identifies a 

novel homozygous NPC1 variant associated with Niemann-Pick type C1 disease in a 7-week-old male with cholestasis. 

Cold Spring Harb Mol Case Stud. 2017;3(5):a001966. Available from: http://www.ncbi.nlm.nih.gov/pubmed/28550066 

31. Al-Bassam MM, Al-Saeed HH, Arif HS. Correlation of bilirubin and alkaline phosphatase in infantile patients with 

cholestasis. Med J Babylon. 2019;16(1):48. 

32. Dehghani SM, Efazati N, Shahramian I, Haghighat M, Imanieh MH. Evaluation of cholestasis in Iranian infants less 

than three months of age. Gastroenterol Hepatol Bed Bench. 2015;8(1):42-8. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/25584175 

 

 


