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Abstract

Objectives—The published natural history of congenital hepatic fibrosis (CHF) was examined to 

inform clinical decision making in autosomal recessive polycystic kidney disease (ARPKD).

Methods—A systematic literature search of the data on CHF, ARPKD, Caroli disease, Caroli 

syndrome, and type V choledochal cyst was performed to extract data related to portal 

hypertension, infection, malignancy, mortality, and transplantation.

Results—Information related to 1230 patients with CHF was extracted from 155 articles. Median 

and mean age at diagnosis were 2 and 11.2 years, respectively. Median and mean time followed 

after diagnosis were 5.0 and 7.5 years, respectively (range 0–38 years). Sequelae of portal 

hypertension (n = 409), cholangitis (n = 152), and malignancy (n = 21) were noted. The nature of 

the portal hypertension was similar to that in other pediatric conditions (164 with varices, 74 

bleeding varices, 81 underwent portosystemic shunting). Documented cholangitis was fatal in 3 of 

23 children who were infected after renal transplantation. Twenty-one patients developed 

hepatobiliary cancer, with the majority having cholangiocarcinoma (n = 19). Cholangiocarcinoma 

(CCA) was predominant in individuals older than 40 years with either Caroli syndrome or isolated 

CHF, not ARPKD (median and mean age at CCA diagnosis were 70.3 and 60.1 years, 

respectively; range 33–75 years). There was a relative paucity of data on combined liver-kidney 

transplantation.

Conclusions—Clinical decision making in ARPKD should reflect an understanding of the 

potential issues emanating from CHF. Accepted pediatric specific approaches to portal 

hypertension are warranted but must take into consideration the stage of renal insufficiency and 

potential plans for renal transplantation. Cholangitis is a major issue and necessitates anticipatory 

guidance and awareness. CCA, although a dreaded complication, does not appear to be a major 

issue during childhood. The indications for liver and combined liver-kidney transplantation are 

controversial and warrant further analysis.
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Autosomal recessive polycystic kidney disease (ARPKD)/congenital hepatic fibrosis (CHF) 

is a fibrocystic disease affecting mainly the kidneys and liver. It is characterized by fusiform 

dilatations of the renal collecting duct and ductal plate malformation of the liver. The 

incidence is approximately 1:20,000 live births. The majority of cases are caused by 

mutations in the PKHD1 gene, which encodes for fibrocystin/polycystin. This protein is 

expressed by the renal and biliary epithelium and is postulated to maintain 3-dimensional 

tubular architecture (1). ARPKD can be divided into 4 subgroups (2). The first group, 

“perinatal,” presents in infancy with severe renal disease, congestive heart failure, and 

pulmonary hypoplasia. The second group, “neonatal,” has progressive renal disease, 

whereas the third (“infantile”) and fourth (“juvenile”) groups have less severe renal disease 

and more complications from CHF. CHF typically occurs in ARPKD (3). Two registries 

have examined the nature and prevalence of liver disease in ARPKD (4,5). CHF can be an 

isolated lesion (isolated CHF, iCHF) or can occur in ARPKD, Caroli syndrome, and other 

inherited and noninherited conditions (6). CHF in the setting of ARPKD (and related 

conditions) can lead to complications that are related primarily to portal hypertension and 

recurrent cholangitis (1,3). There is growing concern about the role of CHF in the 

development of sepsis for patients with ARPKD who have undergone renal transplantation 

(7). There is also the potential risk of development of cholangiocarcinoma in individuals 

with chronic biliary disease. Because CHF in ARPKD is “curable” via liver transplantation, 

combined liver-kidney transplantation as a potentially more definitive therapy has been 

suggested. Clinical decision making in ARPKD/CHF is particularly difficult given the 

interrelation of the 2 diseased organ systems. The indications for and timing of liver 

transplantation or nontransplant surgeries such as portosystemic shunting in ARPKD are not 

clear. A clearer understanding of the natural history of CHF may inform this particularly 

difficult clinical decision making.

METHODS

A systematic review of MEDLINE in the English language was performed in separate 

searches for the years ranging from 1950 to 2010. The first search included key words 

“autosomal,” “recessive,” “polycystic,” “kidney,” and “disease” with the Boolean operators 

and and and/or with search term “ARPKD.” The next search included key words 

“congenital,” “hepatic,” and “fibrosis” with the Boolean search term and. The next search 

included key words “Caroli disease” and “Caroli syndrome” with the Boolean search term 

or. Subsequently, key words “type 5 choledochal cyst” and “type V choledochal cyst” with 

the Boolean search term or were examined. The next search included the phrases 

“congenital hepatic fibrosis and transplant,” “autosomal recessive polycystic kidney disease 

and transplant,” “Caroli and transplant,” and “choledochal cyst and transplant” with the 

Boolean search term or. Penultimately, the following search included the key words 

“autosomal recessive polycystic kidney disease,” “Caroli disease,” “Caroli syndrome,” and 

“choledochal cyst,” with each term separated with the key word “shunt” and with the 
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Boolean search term and. Lastly, a search under the key words “congenital bile duct cyst” 

was performed. Excluded from this search were papers describing patients with known or 

suspected (based on the constellation of anomalies) genetic syndromes, because the 

prognosis of these syndromes may have been affected by the systemic nature of the genetic 

disorder.

Data analysis was descriptive. Notably, a lack of negative or affirmative description for 

morbidities within the types of CHF conditions was documented. In general, a lack of 

description of a morbidity was not assumed to exclude that morbidity but was viewed as 

indeterminant for prevalence of the complication. Specifically, if a condition within the 

diseases examined was noted in an affirmative or negative fashion, then that condition was 

noted as “reported.” If there is an affirmative description for a “reported” condition, then 

that condition was noted as “present.” Descriptive data were typically presented as the 

median with range because it was nonparametric. Caroli disease was defined as multifocal 

cystic dilatation of the intrahepatic and potentially extrahepatic bile ducts. It has a high 

incidence of concurrent cystic renal abnormalities. Caroli syndrome consists of features of 

Caroli disease associated with hepatic fibrosis. Because the difference between Caroli 

disease and Caroli syndrome is not entirely clear in the literature and may be dependent 

upon the nature of investigation of the liver disease, the conditions were grouped together in 

the analysis as Caroli disease/syndrome. Portal hypertension was clinically noted via use of 

the term or its known clinical sequelae, that is, splenomegaly, esophageal varices, and 

hypersplenism. None of the articles reviewed described the aforementioned physical 

findings without using those terms, nor did they use those terms and describe them 

incorrectly. Similarly, hypersplenism, if not specifically noted, was defined by the presence 

of both leucopenia (white blood cell count <4.0) and thrombocytopenia (platelet count 

<150,000).

RESULTS

A total of 211 articles were identified and reviewed (the full list is available online only at 

http://links.lww.com/MPG/A88). Fifty-six were excluded for not being or referring to 

specific case series or case reports. A total of 1230 patient data were tabulated. The median 

age at diagnosis was 2 years with a range between birth and 75 years. The male:female ratio 

of the entire dataset (sex reported in 989 individuals) was 472 males:517 females. There 

were 146 single-center studies and 9 multicenter studies. One hundred fifty studies were 

retrospective, and 5 studies were prospective. The mean and median duration of follow-up 

was 5.0 and 7.5 years, respectively, with a range of 0 to 38 years. In only 164 reports was 

there documentation of the time of follow-up. Table 1 summarizes the distribution of 

reviewed conditions associated with CHF, their age at diagnosis, most common diagnostic 

modality, and most common presenting symptom/condition. Table 2 summarizes the clinical 

morbidities associated with the reviewed conditions and their onset.

Portal Hypertension

A majority of the patients who had portal hypertension had ARPKD. This proportion 

mirrored the fact that a majority of the patients examined in the present study had ARPKD 
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(64%). Portal hypertension was found in a high percentage of individuals with iCHF, which 

is likely to be a reflection of the most common mode of clinical presentation of iCHF (Table 

2). The grids in Table 2 delineate the published literature on CHF. For example, there were 

118 individuals with iCHF, in 87 cases there was definitive information as to the presence or 

absence of portal hypertension, and in 84 of these cases, portal hypertension was present. 

Thus, depending on the chosen denominator, portal hypertension presented in 97% or 71% 

of individuals with iCHF. In 21 cases, age at diagnosis of portal hypertension was noted, 

with a median age of 12 years (range between 0.3 and 41 years). The time of identification 

of portal hypertension coincided with the time of diagnosis of iCHF. In 1 case, portal 

hypertension was identified 30 years before the diagnosis of iCHF.

Sequelae of portal hypertension were examined, including hypersplenism, esophageal 

varices, ascites, and hepatopulmonary syndrome. Overall, hypersplenism and varices were 

relatively common complications, whereas ascites, hepatopulmonary syndrome, and 

encephalopathy were uncommon. In 74 cases, hemorrhage from esophageal varices was 

reported (Table 2, footnote*). The age at bleeding and the time from documentation of CHF 

to bleeding were infrequently reported. In 58 cases, interventions for the varices were 

described and included primarily shunts (37 patients, including 2 transjugular intrahepatic 

portosystemic shunt procedures) and sclerotherapy (15 patients). Other interventions 

included band ligation (6 patients). Several patients had >1 procedure performed for 

esophageal varices, including portosystemic shunt after sclerotherapy (5 patients) and 

portosystemic shunt after band ligation (2 patients). Many of these reports emanated from a 

time when endoscopic band ligation was not routinely performed. In 16 patients with 

bleeding esophageal varices, there was no description of intervention for the varices. Most 

reports of ascites were within the ARPKD population. Age at diagnosis of ascites was rarely 

reported. Hepatopulmonary syndrome was scantly noted, and all of the reported cases had 

iCHF. It is not clear whether these patients were screened for evidence of hepatopulmonary 

syndrome.

Portosystemic Shunting

Table 3 documents the prevalence, type, and outcome of portosystemic shunting in the 

examined conditions with CHF. Overall, 81 patients underwent some type of portosystemic 

shunting procedure, with the largest number of procedures being performed in the setting of 

ARPKD. The most common procedure was a splenorenal shunt. Twenty-five of 34 patients 

had improvement. There was a paucity of data describing time to improvement after shunt 

and shunt morbidity. Parameters that were noted included improving white blood cell count 

and platelet count (10 patients), no further episodes of variceal bleeding (7 patients, not all 

of whom had documented repeat endoscopic findings), regression of splenomegaly (5 

patients), and regression of esophageal varices (2 patients). Morbidity after portosytemic 

shunting was noted in 7 patients: gastrointestinal bleeding (4 patients) and encephalopathy 

(3 patients). Eleven patients had portosystemic shunts without evidence of variceal bleeding. 

In 5 cases, the indication was for hypersplenism, 4 had preemptive portosystemic shunting 

before renal transplantation, and 1 patient had a portosystemic shunt for ascites. None of the 

patients underwent splenic embolization for hypersplenism.
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Encephalopathy

In 1 case series (8), both patients with ARPKD had concerns for worsening hepatic 

encephalopathy in the setting of end-stage renal disease treated by portosystemic shunting 

(splenorenal and mesocaval, respectively). In the patient described by Hodgson et al (9) with 

iCHF, renal dysfunction was noted by low creatinine clearance. Lillegard (10) reported 

encephalopathy in their patients with iCHF. Their patients’ renal function and timing of 

encephalopathy (before or after portosystemic shunting) were unclear. Both patients with 

ARPKD and encephalopathy described by Khan et al (7) had encephalopathy several days 

after isolated renal transplantation. It was unclear how well their graft was functioning at 

that time. In all of these cases, it is possible that renal failure may have been comorbid in 

developing encephalopathy.

Cholangitis and Sepsis

Within the conditions studied, cholangitis was noted mainly in Caroli disease/syndrome and 

ARPKD (Table 2); however, there were 7 cases of cholangitis in individuals with “iCHF.” 

In those individuals with cholangitis, there was a high likelihood that the problem was 

recurrent.

Hepatobiliary Cancer

We suspect that the overall prevalence of hepatobiliary cancer is close to 21 of 1230 (2%) 

because it is unlikely that hepatobiliary cancer would be unreported. Given the sparse 

reports of hepatoblastoma and either iCHF or ARPKD (n = 2), we believe that the 

association is more coincidental or related to prematurity rather than specifically related to 

these conditions. Of the 21 cases of hepatobiliary cancer, 19 were cholangiocarcinoma. 

Fifty-three percent of patients with cholangiocarcinoma had Caroli disease/syndrome 

(10/19), 37% (7/19) had iCHF, 5% (1/19) had ARPKD, and 5% (1/19) had type V 

choledochal cyst. This distribution is skewed toward a population that is not as well 

represented in this analysis, which may shed light on the pathophysiology of 

cholangiocarcinoma in relation to conditions associated with CHF. Age at diagnosis of 

cholangiocarcinoma can be seen in Figure 1. Of note and as expected, the vast majority of 

patients were older than 40 years (median and mean age at CCA diagnosis were 58.8 and 60 

years, respectively [range 33–75 years]).

There were 4 cases of cholangiocarcinoma (with metastases at diagnosis) in iCHF (11–14). 

There was only 1 patient (13) in whom the malignancy was diagnosed in the extrahepatic 

bile ducts. Totkas and Hohenberger (15) described a male patient who presented with 

cholangiocarcinoma as an incidental finding during screening ultrasound for cardiac 

arrhythmia. The disease was nonmetastatic, and the patient was found to have left-sided 

Caroli disease. The duration of follow-up for this patient is not known, but he underwent 

segmental hepatic resection (segments II, III, IVb) without complication. Within smaller bile 

ducts pigmented concretions and focal abscess formation were found (the patient had 

obstructive gallstones in the past but no documented history of cholangitis). The patient 

described by Abdalla et al (16) also had left-sided Caroli disease, with cholangiocarcinoma 

incidentally found upon left lobar resection (secondary to recurrent cholangitis). It is unclear 

how long this patient was studied, but there was no note of mortality postresection. 
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Vlachogiannakos et al (17) also described a male patient who had a left hepatic lobectomy 

secondary to recurrent cholangitis and magnetic resonance cholangiopancreatography 

findings that were consistent with monolobar Caroli disease. The patient’s pathology was 

notable for cholangiocarcinoma. Follow-up imaging several months later revealed a hilar 

tumor with stenosis of the common hepatic duct. The patient died 2 months later. The case 

of monolobar (left-sided) Caroli disease described by Terada et al (18) was remarkable for 

extrahepatic cholangiocarcinoma. The patient described also had recurrent cholangitis.

Mortality

Table 4 summarizes the issue of mortality in conditions associated with CHF. Because the 

percentage values in this table can be misleading, the inclusion of actual patient numbers 

more fully illustrates that a small number of the patients in the present study died. Of the 78 

reported mortality causes, 37% were sepsis, 15% complications related to 

cholangiocarcinoma, 6% bleeding esophageal varices, and 5% respiratory failure related to 

portopulmonary hypertension. There were 3 cases in which cause of death was “liver 

failure” (4,7,19). Details documenting true synthetic liver failure were not reported. Of the 

29 cases with mortality from sepsis, 20 of 29 had ARPKD, 2 patients had Caroli syndrome, 

and 1 patient had iCHF. In 12 of the 20 patients with ARPKD who died of sepsis, death 

occurred after isolated renal transplantation.

Transplantation

Of the 1230 patients, 538 had reported data on transplantation (Fig. 2). A total of 287 of 

those patients had either single organ (kidney [n = 91] or liver [n = 173]) or combined 

transplantation (n = 23). Three patients had renal transplants before combined transplant 

(including retransplant of kidney). Order of organ transplantation was documented in 5 

cases; in 4, liver transplantation was first. Ninety-five percent of the patients who had 

isolated renal transplantation had ARPKD. Eighty-seven percent (151/173) of patients with 

isolated liver transplantation had Caroli disease/syndrome; 9% had ARPKD.

The distribution of conditions between those who had combined liver-kidney transplantation 

was roughly even between ARPKD and Caroli disease/syndrome (11/23 and 12/23, 

respectively). It is known that Caroli disease/syndrome can be associated with varying 

degrees of renal cysts, ARPKD, nephrocalcinosis, interstitial fibrosis, and renal failure (20–

22). In the cohort that had isolated renal transplantation, there were 34 reports on the 

presence/absence of posttransplant sepsis. Twenty-three of 34 patients became septic. 

Thirteen of the 23 patients died. Three of the 13 patients were “diagnosed” as having 

cholangitis. Only 1 of the deceased patients had report of liver enzymes and those were 

minimally deranged.

In the isolated liver transplantation cohort, there were 30 patients with likely combination 

ARPKD/Caroli disease/Caroli syndrome (23). Of the 7 patients who died of sepsis after 

transplantation (3 before 1 year, 4 after 1 year), 5 of them had perioperative cholangitis, 

although this morbidity was not stratified by CHF subtype. It is unclear whether these 

patients had a duct-to-duct anastamosis of an abnormal extrahepatic bile duct. The indication 

for transplant was recurrent cholangitis in only 1 patient in this cohort. In the patients with 
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isolated liver transplants, posttransplant renal function was documented in 5 patients (24–

26). The 3 patients with ARPKD described by Arikan et al (24) had improved renal function 

18 months after liver transplantation. The patient with iCHF studied by Dehghani (25) had 

normal renal function 7 months after liver transplant. Renal function acutely declined after 

liver transplantation in the patient described by Meier et al (26), and was believed to be 

secondary to acyclovir used for the treatment of varicella zoster virus infection.

In the combined liver-kidney transplantation cohort, 11 patients had ARPKD. In the 4 cases 

of ARPKD in which it was noted, 3 cases had liver transplant first. Morbidity was noted in 2 

cases after the first transplant. In 1 case with primary renal transplantation, there was 

recurrent cholangitis starting 24 months posttransplant. In the second case with primary liver 

transplantation, peritonitis was a complication. Four of the 23 patients who underwent 

combined transplantation died, 2 from liver failure of unclear cause and 2 from 

complications related to graft failure.

DISCUSSION

Clinical decision making in the setting of CHF and ARPKD is complex and not well 

established in the literature (27). The renal and liver diseases advance at independent rates, 

and manifestations of problems from either organ system have the potential to influence the 

outcome of organ-specific interventions. Carefully collected prospective data would help 

inform these decisions. Unfortunately, those data do not exist, especially as they pertain to 

liver disease in CHF. The purpose of the present analysis was to assess the existing literature 

relative to this issue. The limitations of such an analysis are obvious, but it serves as a useful 

starting point and perhaps highlights issues for future prospective investigation.

The major liver-related issues in CHF are complications of portal hypertension, cholangitis, 

and a potential increased predisposition to the development of cholangiocarcinoma. Each of 

these issues raises distinct questions and implications for planning for the potential for renal 

replacement therapy. In addition, the approach to these liver issues must take into 

consideration the state and rate of progress of renal insufficiency.

Portal hypertension in CHF is associated with well-known potential clinical complications, 

namely, clinically relevant splenomegaly, hypersplenism, variceal hemorrhage, ascites, 

spontaneous bacterial peritonitis, hepatopulmonary syndrome, portopulmonary 

hypertension, and hepatic encephalopathy. Problems of splenomegaly, hypersplenism, and 

variceal hemorrhage predominate. Standard pediatric-specific surveillance and initial 

management approaches to these problems in children are reasonable in light of this 

collective experience (28). The development of ascites is uncommon and should trigger an 

assessment for an additional underlying issue such as portal vein thrombosis or loss of 

peritoneal exchange space caused by recurrent peritonitis and/or a history of peritoneal 

dialysis.

CHF and associated conditions are somewhat distinct from many other chronic pediatric 

liver diseases in that they are not typically associated with progressive hepatic insufficiency, 

although there are rare exceptions (29–32). As such, indications for consideration of liver 
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transplantation may be different from those for other chronic pediatric liver disorders. Most 

children with CHF and recurrent variceal hemorrhage do not have significant hepatic 

dysfunction, although they may have evolving renal insufficiency. This evolving renal 

insufficiency has the potential to complicate efforts to use portosystemic shunting as a 

treatment option for refractory recurrent variceal hemorrhage or other complications of 

portal hypertension. The existing literature reveals a few cases in which this is an issue (8–

10), although, in general, this may be more theoretical than real in most circumstances. 

Surgical or interventional portosystemic shunting is not necessarily contraindicated in CHF/

ARPKD, but it needs to be carefully considered in the context of the existing state and pace 

of the renal disease. We do not know the effect of portosystemic shunting on the renal 

disease, but we do know that calcineurin inhibitors used in the context of liver 

transplantation can hasten the development of renal insufficiency (33–35). If renal 

replacement therapy is believed to be necessary in the near future, then combined 

transplantation needs to be carefully assessed as an option. The incremental risk of liver 

transplantation in addition to renal transplantation is real and needs to be considered in the 

risk-benefit analysis.

It is clear that cholangitis is a major issue in CHF and has profound implications in clinical 

decision making in ARPKD. It is not necessarily easily diagnosed and must be carefully 

considered by nephrologists, gastroenterologists, and transplant physicians. Families of 

children with ARPKD must be carefully instructed as to the subtle manifestations of 

cholangitis and the potential devastating consequences of late diagnosis of the problem. The 

diagnosis of cholangitis has implications for transplant decisions when a child needs renal 

replacement therapy. More important, the development of cholangitis after renal 

transplantation can be fatal, we believe, as a result more of late identification than the risks 

of immunosuppression. The description of abnormalities of the extrahepatic bile duct in 

ARPKD and iCHF may explain the unexpected problems with cholangitis after isolated liver 

transplantation in CHF and associated conditions (36,37). Careful imaging of the 

extrahepatic bile duct should be performed before liver transplantation, with a low threshold 

to not use the native bile duct of the recipient. The finding of an abnormal biliary tree in a 

child with ARPKD, who has not had documented complications related to the 

cholangiopathy, raises difficult questions, in particular, related to the advisability of liver 

transplantation if a renal transplant is indicated. The present literature does not adequately 

illuminate this important question and prospective registry data are clearly needed.

The issue of a potential increased risk for the development of cholangiocarcinoma is 

harrowing. Once diagnosed, the prognosis is typically grim and surveillance approaches are 

inadequate (38–42). The present analysis was surprising in its findings related to 

cholangiocarcinoma. First, nearly half of the reported cases were in purported iCHF (11–

14,43). This suggests that the concept of iCHF is likely a pathophysiologic misnomer and 

that many of these individuals have underlying cholangiopathies. Unfortunately, many of 

these cases were reported before the advent of techniques such as magnetic resonance 

cholangiopancreatography (or even endoscopic retrograde cholangiopancreatography), so it 

is unclear how well the intra- and extrahepatic biliary tree was evaluated in these patients. 

As a corollary, one must consider all of the individuals with CHF to be at risk for 

cholangitis. The majority of the other cases of cholangiocarcinoma occurred in Caroli 
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disease (15,16,44,45) and not in classical ARPKD (46). Most were incidental findings at the 

time of liver lobe resection. The prevalence of cholangiocarcinoma in this population raises 

the question of screening utility, either biochemically or radiologically. Present technologies 

are neither sensitive nor specific enough to be effective (47,48). In addition, biliary disease 

and/or cholangitis can artifactually raise many of the biochemical parameters available as 

screening tools for cholangiocarcinoma (49,50). In light of the rarity of this complication in 

childhood, routine screening for cholangiocarcinoma cannot be recommended in children 

with CHF. In addition, the potential risk of cholangiocarcinoma should not influence clinical 

decision making in childhood.

CONCLUSIONS

Patients with CHF are prone to develop cholangitis and complications of portal 

hypertension. They also are at risk for developing cholangiocarcinoma. These tendencies, 

when compiled with associated renal disease, can complicate decisions regarding therapeutic 

approaches. Complications of portal hypertension lead to significant morbidity. Cholangitis 

may not present with a typical biochemical picture and is thus difficult to diagnose in this 

population. The predisposition to cholangitis in patients with CHF has significant bearing on 

their disease course, in particular toward transplant organ type(s), timing, potentially 

immunosuppression, and overall outcome. The unexpected incidence of cholangiocarcinoma 

in this population is unsettling, although the late onset is less an issue in pediatrics. This 

analysis covered a large body of literature, which was primarily retrospective. Given the 

obvious limitations of such an analysis, prospective clinical registries of children with 

ARPKD are needed to inform future clinical decision making.
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FIGURE 1. 
Age at diagnosis of cholangiocarcinoma in congenital hepatic fibrosis. The number of 

patients, their age at diagnosis, and their disease type are shown.
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FIGURE 2. 
Transplantation in congenital hepatic fibrosis. The number of patients, types of 

transplantation, and disease type are shown.
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TABLE 1

Distribution of conditions associated with CHF

CHF subtype
n (% total
1230 patients)

Mean age at diagnosis, y;
no. reported (median, range,
standard deviation)

Diagnostic modality
N (%)

Most common presenting
symptom/condition N (%)

Isolated CHF 118 (9.5) 17.8; 37 (12, 0.3–67, 16.6) 79 reported
Liver biopsy: 79 (100)

43 reported*,†

Portal hypertension: 16 (37)
GI bleeding: 13 (30)
Cholangitis: 5 (12)

ARPKD 788 (64) 2.5; 150 (0, 0–37, 6.2) 184 reported
Liver Biopsy: 61 (33)
Liver biopsy + renal imaging
(ultrasound, IVP): 11 (6)
Renal biopsy: 39 (21)
Renal biopsy + imaging (U/S):
12 (7)
Liver and kidney biopsy: 17 (9)
Imaging alone (IVP, CT,
MRCP, U/S): 23 (13)
Prenatal U/S: 12 (7)
Other§: 9 (5)

195 reported‡

Nephromegaly: 63 (32)
Renal insufficiency: 33 (17)
Abdominal mass/distension:
25 (13)
Portal hypertension: 24 (12)
Cholangitis: 13 (7)
GI bleeding: 12 (6)
Neonatal respiratory distress:
8 (4)

Caroli disease/
syndrome

315 (25.6) 22.3; 92 (20, 0–75, 19.9) 95 reported
Liver pathology (biopsy,
lobectomy): 66 (69)
Liver pathology + imaging
(CT, ultrasound, MRCP):
14 (15)
Hepatobiliary imaging
(ERCP, MRCP, PTC, ultrasound):
9 (10): unspecified imaging: 6 (6)

103 reported‖

Cholangitis: 67 (65)
Portal hypertension: 8 (8)
Abdominal distension/mass:
6 (6)
Nephromegaly: 4 (4)
Cholelithiasis: 3 (3)

Type V CC 9 (<1) 18; 5 (0, 0–45, 24.6) 4 reported
Ultrasound: 3 (75)
MRCP: 1 (25)

2 reported
Cholangitis: 2 (100)

ARPKD = autosomal recessive polycystic kidney disease; CHF = congenital hepatic fibrosis; CT = computed tomography; ERCP = endoscopic 
retrograde cholangiopancreatography; IVP = intravenous pyelogram; MRCP = magnetic resonance cholangiopancreatography; PTC = 
percutaneous transhepatic cholangiography.

*
Portal hypertension without gastrointestinal bleeding as presenting symptoms. Gastrointestinal bleeding documented to be related to portal 

hypertension as presenting symptom.

†
Other presenting symptoms for isolated CHF included (no. patients): family screening (3), abdominal distension (3), fatigue (2), abdominal pain 

(1).

‡
Other presenting symptoms for ARPKD included (no. patients): nonspecific urinary symptoms (6), flank pain (3), genetic screening (2 patients), 

poor growth (2 patients), fever (2), cholestasis (1 patient), glomerulonephritis (1 patient).

§
Unclear what organ biopsied (6 patients), genetic testing (2 patients), autopsy (1 patient).

‖
Other presenting symptoms for CD/CS included (no. patients): jaundice (4), abdominal pain (4), fever (3), gastrointestinal bleeding (2), family 

screening (2).

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 March 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Srinath and Shneider Page 15

T
A

B
L

E
 2

C
lin

ic
al

 m
or

bi
di

tie
s 

in
 c

on
di

tio
ns

 a
ss

oc
ia

te
d 

w
ith

 C
H

F

P
or

ta
l

hy
pe

rt
en

si
on

H
yp

er
sp

le
ni

sm
E

so
ph

ag
ea

l
va

ri
ce

s*
A

sc
it

es
H

ep
at

op
ul

m
on

ar
y

sy
nd

ro
m

e
E

nc
ep

ha
lo

pa
th

y
C

ho
la

ng
it

is
R

ec
ur

re
nt

ch
ol

an
gi

ti
s

H
ep

at
ob

ili
ar

y
ca

nc
er

A
ll 

co
nd

iti
on

s 
(r

ep
or

te
d,

 
pr

es
en

t)

R
ep

or
te

d:
 7

91
R

ep
or

te
d:

 2
27

R
ep

or
te

d:
 4

06
R

ep
or

te
d:

 2
24

R
ep

or
te

d:
 6

R
ep

or
te

d:
 2

0
R

ep
or

te
d:

 4
54

R
ep

or
te

d:
 1

19
R

ep
or

te
d:

 1
04

Pr
es

en
ce

: 4
09

Pr
es

en
ce

† :
 9

9
Pr

es
en

ce
: 1

64
Pr

es
en

ce
: 2

7
Pr

es
en

ce
: 1

Pr
es

en
ce

: 9
‡

Pr
es

en
ce

: 1
52

Pr
es

en
ce

: 9
7

Pr
es

en
ce

: 1
9§

C
H

F 
su

bt
yp

e

  Isolated CHF











(n
 =

 1
18

)
R

ep
or

te
d:

 8
7

R
ep

or
te

d:
 2

6
R

ep
or

te
d:

 6
6

R
ep

or
te

d:
 1

1
R

ep
or

te
d:

 3
R

ep
or

te
d:

 8
R

ep
or

te
d:

 7
R

ep
or

te
d:

 5
R

ep
or

te
d:

 7

Pr
es

en
t: 

84
Pr

es
en

t: 
21

Pr
es

en
t: 

58
Pr

es
en

t: 
6

Pr
es

en
t: 

1
Pr

es
en

t: 
4

Pr
es

en
t: 

7
Pr

es
en

t: 
5

Pr
es

en
t: 

7

97
%

, 7
1%
‖

81
%

, 1
8%
‖

88
%

, 4
9%
‖

55
%

, 5
%
‖

33
%

, <
1%
‖

50
%

, 3
%
‖

10
0%

, 6
%
‖

10
0%

, 4
%
‖

10
0%

, 6
%
‖

21
 (

12
, 0

.3
–4

1)
¶

13
 (

15
, 3

–4
1)

¶
14

 (
11

, 1
.7

–4
1)

¶
5 

(3
, 0

.5
–6

0)
¶

0 
(N

/A
)¶

N
/A

¶
5 

(1
7,

 1
.7

–4
3)

¶
5 

(6
0,

 3
3–

62
)¶

21
 (

0,
 −

30
 to

 1
.7

)#
13

 (
0,

 −
30

 to
 

3.
3)

#
14

 (
0,

 −
30

 to
 3

)#
5 

(0
, 0

–1
.7

)#
N

/A
#

N
/A

#
5 

(0
, −

14
 to

 0
)#

1 
(0

, N
/A

)#

  ARPKD (n =











78
8)

R
ep

or
te

d:
 6

39
R

ep
or

te
d:

 1
66

R
ep

or
te

d:
 3

15
R

ep
or

te
d:

 2
01

R
ep

or
te

d:
 3

R
ep

or
te

d:
 1

1
R

ep
or

te
d:

 3
22

R
ep

or
te

d:
 3

7
R

ep
or

te
d:

 1
7

Pr
es

en
t: 

28
6

Pr
es

en
t: 

62
Pr

es
en

t: 
92

Pr
es

en
t: 

14
Pr

es
en

t: 
0

Pr
es

en
t: 

5
Pr

es
en

t: 
58

Pr
es

en
t: 

20
Pr

es
en

t: 
1

45
%

, 3
6%
‖

37
%

, 8
%
‖

29
%

, 1
2%
‖

7%
, 2

%
‖

0%
, 0

%
‖

45
%

, <
1%
‖

18
%

, 7
%
‖

54
%

, 3
%
‖

6%
, <

1%
‖

40
 (

4,
 0

–2
9)

¶
19

 (
5,

 0
.6

–2
0)

¶
20

 (
7,

 2
–3

6)
¶

0 
(N

/A
)¶

3 
(4

, 0
.7

–3
9)

¶
17

 (
2.

5,
 0

–3
7)

¶
1 

(4
7,

 N
/A

)¶

37
 (

0,
 −

16
 to

 2
7)

#
19

 (
2.

6,
 0

–2
0)

#
20

 (
2,

 −
1.

5 
to

 
27

)#
0 

(N
/A

)#
3 

(3
, 0

.7
–4

)#
15

 (
0.

1,
 −

1 
to

 2
7)

#
N

/A
#

  Caroli disease/











sy
nd

ro
m

e 
(n

 =
 

31
5)

R
ep

or
te

d:
 6

4
R

ep
or

te
d:

 3
5

R
ep

or
te

d:
 2

6
R

ep
or

te
d:

 1
2

R
ep

or
te

d:
 0

R
ep

or
te

d:
 1

R
ep

or
te

d:
 1

23
R

ep
or

te
d:

 7
6

R
ep

or
te

d:
 7

9

Pr
es

en
t: 

38
Pr

es
en

t: 
16

Pr
es

en
t: 

15
Pr

es
en

t: 
7

Pr
es

en
t: 

0
Pr

es
en

t: 
0

Pr
es

en
t: 

85
Pr

es
en

t: 
71

Pr
es

en
t: 

10

59
%

, 1
2%
‖

46
%

, 5
%
‖

58
%

, 5
%
‖

58
%

, 2
%
‖

0%
, 0

%
‖

0%
, 0

%
‖

69
%

, 2
7%
‖

93
%

, 2
3%
‖

13
%

, 3
%
‖

17
 (

4.
5,

 0
.3

–5
9)

¶
8 

(1
0,

 0
.5

–2
0)

¶
11

 (
8,

 1
.5

–4
4)

¶
3 

(1
8,

 1
0–

71
)¶

46
 (

26
.5

, 0
.1

–7
3)

¶
4 

(7
2.

2,
 5

7–
75

)¶

17
 (

0,
 −

1.
25

 to
 8

)#
8 

(7
.5

, 0
–1

4)
#

11
 (

4.
5,

 0
–1

5)
#

3 
(0

, 0
–1

)#
46

 (
0,

 −
31

 to
 3

2)
#

4 
(0

.7
, 0

–4
)#

  Type V CC (n











=
 9

)
R

ep
or

te
d:

 1
R

ep
or

te
d:

 0
R

ep
or

te
d:

 0
R

ep
or

te
d:

 0
R

ep
or

te
d:

 0
R

ep
or

te
d:

 0
R

ep
or

te
d:

 2
R

ep
or

te
d:

 1
R

ep
or

te
d:

 1

Pr
es

en
t*

* :
 1

Pr
es

en
t: 

0
Pr

es
en

t: 
0

Pr
es

en
t: 

0
Pr

es
en

t: 
0

Pr
es

en
t: 

0
Pr

es
en

t: 
2

Pr
es

en
t: 

1
Pr

es
en

t: 
1

10
0%

, 1
1%
‖

0%
, 0

%
‖

0%
, 0

%
‖

0%
, 0

%
‖

0%
, 0

%
‖

0%
, 0

%
‖

10
0%

, 2
2%
‖

10
0%

, 1
1%
‖

10
0%

, 1
1%
‖

N
/A

¶
1 

(4
5,

 N
/A

)¶
N

/A
¶

1 
(0

, N
/A

)#

A
R

PK
D

 =
 a

ut
os

om
al

 r
ec

es
si

ve
 p

ol
yc

ys
tic

 k
id

ne
y 

di
se

as
e;

 C
C

 =
 c

ho
le

do
ch

al
 c

ys
t; 

C
H

F 
=

 c
on

ge
ni

ta
l h

ep
at

ic
 f

ib
ro

si
s.

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 March 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Srinath and Shneider Page 16
* B

le
ed

in
g 

es
op

ha
ge

al
 v

ar
ic

es
 w

er
e 

no
te

d 
in

 th
e 

fo
llo

w
in

g 
co

nd
iti

on
s 

(n
o.

 p
at

ie
nt

s)
: i

so
la

te
d 

C
H

F 
(2

6)
, A

R
PK

D
 (

38
),

 C
ar

ol
i d

is
ea

se
/s

yn
dr

om
e 

(1
0)

.

† N
ad

ir
 c

ou
nt

s 
(K

):
 w

hi
te

 b
lo

od
 c

el
ls

 2
4 

re
po

rt
s 

(3
.1

, 1
.5

–4
.8

);
 p

la
te

le
t 2

7 
re

po
rt

s 
(5

4,
 7

–1
14

).

‡ Pe
ak

 N
H

3 
no

te
d 

in
 2

 c
as

es
 (

µm
ol

/L
):

 r
an

ge
 4

42
–5

75
.

§ A
ll 

ch
ol

an
gi

oc
ar

ci
no

m
a.

 E
xc

lu
de

d 
2 

pa
tie

nt
s 

di
ag

no
se

d 
as

 h
av

in
g 

he
pa

to
bl

as
to

m
a 

(1
 is

ol
at

ed
 C

H
F,

 1
 A

R
PK

D
)—

pr
es

um
ed

 to
 b

e 
co

in
ci

de
nt

al
 a

ss
oc

ia
tio

ns
.

‖ A
ll 

%
 p

re
se

nt
 r

el
at

iv
e 

to
 r

ep
or

te
d,

 %
 p

re
se

nt
 r

el
at

iv
e 

to
 a

ll 
w

ith
 C

H
F 

su
bt

yp
e.

¶ A
ge

 a
t d

ia
gn

os
is

, y
: n

o.
 r

ep
or

te
d 

(m
ed

ia
n,

 r
an

ge
).

# D
ev

el
op

m
en

t t
im

e 
(y

) 
fr

om
 C

H
F 

su
bt

yp
e 

di
ag

no
si

s:
 n

um
be

r 
re

po
rt

ed
 (

m
ed

ia
n,

 r
an

ge
).

**
N

o 
ag

e 
at

 p
or

ta
l h

yp
er

te
ns

io
n 

di
ag

no
si

s 
re

po
rt

ed
 f

or
 p

at
ie

nt
 w

ith
 ty

pe
 V

 c
ho

le
do

ch
al

 c
ys

t.

J Pediatr Gastroenterol Nutr. Author manuscript; available in PMC 2015 March 23.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Srinath and Shneider Page 17

TABLE 3

Portosystemic shunting in conditions associated with CHF

Portosystemic shunting
Outcome*
Sample reported (median, range) Shunt type

All conditions Reported: 259

Presence: 81

CHF subtype

  Isolated CHF (n = 118) Reported: 26 Reported: 12 Splenorenal: 13

Presence: 21 Improvement: 10   Distal splenorenal: 8

11 (9, 4.5–20)†   5 (1, 0.5–3)   Proximal splenorenal: 1

9 (0, 0–4.3)‡ Worsening: 1   Unspecified splenorenal: 4

Mesocaval: 5

Portocaval: 3

  ARPKD (n = 788) Reported: 216 Reported: 21 Splenorenal: 10

Presence§: 57 Improvement: 15   Distal splenorenal: 6

24 (8, 1.9–36)†   7 (0.5, 0.5–3)   Unspecified splenorenal: 4

18 (4.5, 0–27)‡ Worsening: 2 Portocaval: 17

  2 (1.9, 0.7–3) Mesocaval: 6

TIPS: 4

  Caroli disease/syndrome (n = 315) Reported: 17 Reported: 1 Splenorenal‖: 2

Presence: 3 Improvement: 0

2 (10, 7–13)† Worsening: 0

2 (10, 7–13)

  Type V CC (n = 9) Reported: 0 0 N/A

Presence: 0

ARPKD = autosomal recessive polycystic kidney disease; CC = choledochal cyst; CHF = congenital hepatic fibrosis; TIPS = transjugular 
intrahepatic portosystemic shunt.

*
Patients without change after portosystemic shunting by condition: isolated CHF (1), ARPKD (4), Caroli disease/syndrome (1).

†
Age when shunted (y): sample reported (median, range).

‡
Time to shunt (y) from CHF subtype diagnosis: sample reported (median, range).

§
Only 37/57 portosystemic shunt types noted.

‖
2/3 portosystemic shunt types noted for Caroli disease/syndrome.
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