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Working Group (WG) CDG & Liver developing research 
among the CDG & Allies - Professionals and Patient 
Associations International Network (CDG & Allies- PPAIN).
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4

Liver Involvement in CDG

CDG Resources
Portuguese AssociAtion for 
cDg (APcDg-DMr)

www.apcdg.com 
sindromecdg@gmail.com

www.facebook.com/SINDROMECDG 
twitter.com/CDG_Portugal 
portuguese-association-cdg

The Portuguese Association for CDG (APCDG-DMR, www.apcdg.com) seeks to improve the 
quality of life for patients and family members through awareness, community-building, 
research, resources, education, empowerment and advocacy.

www.apcdg.com
mailto:sindromecdg@gmail.com
www.facebook.com/SINDROMECDG
twitter.com/CDG_Portugal
http://pt.linkedin.com/in/portuguese-association-cdg-140875125
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Other CDG 
patient-friendly resources
All CDG patient-friendly resources are available online at:
www.apcdg.com/resources 

Some of our patient-friendly materials directed to families, professionals and 
the overall society are shown below.  materials below:

It is publicly available online for immediate printing HERE!

http://www.apcdg.com/resources.html
http://www.apcdg.com/resources.html


Make a donation to Portuguese 
Association for CDG

www.apcdg.com 
sindromecdg@gmail.com

The APCDG-DMR is led by affected family members that volunteer in an altruistic manner.                   
We do not receive government funding. We rely solely on donations in order to continue our projects. 
Thus, we know how to do a lot with very modest budgets. We still need your donation contribution 
to help us do our work.  If you wish further information,  please write us at:

       We know how important are patient-friendly documents for families and professionals. 
             You can make it happen!
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Your generosity helps us 
Fostering breakthrough research that make a difference 
in the lives of CDG patients and their family members. 
Our actions are performed at the national and international 
level. Exceptional individuals are doing tremendous contributions as 
volunteers to move the APCDG mission forward. Several working groups have been created across 
several domains committed to address the concerns of affected patients and families. 

ACCOUNT NAME: APCDG-DMR 
(AssOCiAçãO PORTUGUEsA CDG E OUTRAs DOENçAs METAbóLiCAs RARAs)
bANK NAME: bANCO PORTUGUês DE iNvEsTiMENTOs (bPi)
Nib: 0010 0000 5149 8770 001 14         
ibAN: PT50  0010 0000 5149 8770 001 14
sWiFT/biC: bbPiPTPL
ADDREss: RUA ANTóNiO ANDRADE, 1138-b, 2820-287 ChARNECA DA CAPARiCA
COUNTRY: PORTUGAL

www.apcdg.com
mailto:sindromecdg@gmail.com


This community-friendly document was created and led by the Portuguese Association for CDG 
(www.apcdg.com) in collaboration with the Working Group (WG) CDG & Liver who is developing 
research among the CDG & Allies - Professionals and Patient Associations International Network 
(CDG & Allies- PPAIN). It summarizes the results from a project entitled “Liver involvement in 
congenital disorders of glycosylation (CDG): A systematic review of the literature”. 
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CONTRIBUTORS

PF DR DAviD CAssiMAN DR DORiNDA DA siLvA PF DR JAAK JAEKEN DR vANEssA FERREiRA

WORKiNG GROUP (WG) CDG & LivER

The Working Group Leader (WGL) is coordinated by 
Pf David Cassiman (Head of the Hepatology Unit, Center 
for Metabolic Diseases and full Professor at KU Leuven, 
Belgium). Dr Dorinda da Silva is the main author of this 
patient-friendly document in collaboration with Pf Dr David 
Cassiman, Pf Dr Jaak Jaeken and Dr Vanessa Ferreira.

http://www.apcdg.com
http://www.apcdg.com/wg-cdg--liver.html


The International CDG parent advisory committee actively participated in ameliorating 
the understanding of the content of this document. We are grateful to: 
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International CDG
PArent ADvisory coMMittee

ALEx CONNER 
(USA)

hAGiNT bAbAKhANiAN 
(USA)

RiChARD WADDELL 
(Netherlands and Scotland)

ANNE-KRisTiN OTTOssON 
(Sweden)

JULiE bONAChE 
(France)

bARbARA vULsO 
(Ireland & Italy)

RANA ATWi 
(Dubai)



  Hi! I am a hepatologist. CDG misdiagnosis or delayed diagnosis in my 
        specialty persists! This document will raise awareness and education 
        by providing patient-friendly information to the families and specialized 
        information to physicians and other professionals.
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International CDG
PArent ADvisory coMMittee

Hepatologists are 
among the medical 
specialists that are 
likely to encounter 
CDG patients early on 
their disease course.

When should we 
suspect CDG? 
1) Any unexplained neurological syndrome, particularly when associated 
with other organ disease.

2) Any unexplained syndrome even without neurological involvement.
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DisCLAiMER
The information and advice published or made available in this booklet is not intended to replace the services of a physician, nor does 
it constitute a physician-patient relationship. This advice should be taken in conjunction with medical advice from your physician, 
whom you should consult in all matters relating to your health, in particular with respect to symptoms that may require diagnosis or 
medical attention. Any action on your part in response to the information provided in this booklet is at your own discretion.
©2016 Portuguese Association for CDG (APCDG-DMR, www.apcdg.com). All rights reserved.



 ■ The liver is one of our largest organs;

 ■ The liver has the capacity to regenerate (re-build) itself, so you can cut off a large      
chunk and it will grow back automatically over days to weeks.

 ■ The liver is located in the right upper quadrant  
of the abdominal cavity just below the diaphragm 
and on the right and on top of the stomach.

 ■ It has a triangular shape with a reddish-brown colour;

 ■ It has 2 different parts named “lobes”.              
The right lobe is bigger than the left lobe;

 ■ Two large blood vessels are responsible for     
supplying oxygen to the liver:

 ■ The gallbladder that hangs right under the liver stores the bile fluid that is  
produced by the liver.

 ■ The hepatic artery brings oxygen-rich blood straight from     
the heart. 

 ■ The portal vein also brings blood but it is carrying digested 
food from the small intestine.

1. What is the liver?
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ANATOMY
NOTE: when we talk of the left and the right sides it is 
always described as it is inside your body and not the 
position in the figure.

Do you know why the liver is a vital organ?
Because it is a gland that has essential functions in the body’s metabolism. 
The liver is responsible for hundreds of functions in our body.



2. What does the liver do?
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The liver is like a factory that transforms the food we eat into fuel (energy) and building 
materials that our cells can use to grow and work as needed. 

At the same time the liver is also working to eliminate the part of the food we ingested 
that is not necessary or that is toxic. The liver is also responsible for the production of 
chemicals that will be used in food digestion (bile fluid or bile juices).

sOME OThER TAsKs ThAT YOUR LivER DOEs:

 ■ Prevent infections;

 ■ Make proteins that help coagulation (coagulation is the process that makes your blood    

clot when it needs to, e.g. when a vessel is torn or cut, after a wound);

 ■ Store vitamins, minerals, fats and sugars for your body to use when necessary                

(e.g. when you’re fasting).
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3. How did we collect the data 
about liver problems in CDG?

FiRsT sEARCh:

In PubMed database using:
 ■ Keywords related to liver functions combined with; 
 ■ CDG terms.

Some of the selection criteria used to exclude the articles 
that had no relevance for our study.

 ■ No mention of liver disease/parameters;

 ■ No clinical description;

 ■ Unknown CDG type.

Total number of scientific articles used in our revision of literature and that inspired this document = 71

                       www.ncbi.nlm.nih.gov

                 www.omim.org

sECOND sEARCh:

In OMIM website we looked for liver 
dysfunctions described for each CDG type.

http://www.ncbi.nlm.nih.gov
http://www.omim.org
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4. Some facts about liver 
problems in CDG
The table below Table 1 collects liver parameters found to be described in CDG patients. 
The definition of each parameter is described in the right column. This column will help you 
to interpret Table 2 and Table 3.

Symptoms Definition

Albumin Blood protein produced by the liver – abnormal levels are indicative 
of liver damage or exhaustion.

Alkaline phosphatase (AP) Abnormal levels in blood most often indicate a problem with the bile ducts.

Antithrombin (AT) and Prothrombin (PT) time Coagulation factors – abnormal values indicate liver disease.

Ceruloplasmin and copper Abnormal levels are indicative of liver disease, liver failure, liver cirrhosis.

Cholestasis Bile is not produced normally and builds up in the liver instead of streaming 
out of the liver, to the gut.

GGT (gamma-glutamyl transferase) Increased levels of GGT are indicative of liver damage.

Hepatomegaly Enlarged liver.

Hepatosplenomegaly Simultaneous enlargement of liver and spleen.

Jaundice (icterus) Yellowish tinge to the skin and sclerae (the white part of the eye) that 
is caused by hyperbilirubinemia (an excess of bilirubin in the blood).

Liver cirrhosis

So much scarring of the liver, that it becomes hard and has a lumpy surface 
instead of being soft and with a slick surface – cirrhosis carries with it an 
increased risk of developing complications like bleeding from the esophagus, 
developing liver cancer, having fluids in your belly etc.

Liver fibrosis Scarring of the liver.

Liver steatosis Fatty liver.

Transaminases Liver enzymes measured in the blood e.g. Alanine aminotransferase (ALT or 
GPT), aspartate aminotransaminase (AST or GOT) - indicative of liver damage.

Table 1
Liver parameters found to be described in CDG patients.
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CDG types with predominant or isolated liver involvement

CDG type Predominant liver symptoms – see Table 1 for definition of symptoms.

MPI Hepatomegaly, decreased prothrombin time and antithrombin, 
elevated transaminases, decreased albumin, liver fibrosis and steatosis.

TMEM199 Decreased antithrombin, elevated transaminases and alkaline 
phosphatase, decreased ceruloplasmin and copper accumulation.

CCDC115
Hepatomegaly, hepatosplenomegaly, cholestasis, elevated transaminases 
and alkaline phosphatase, decreased ceruloplasmin and copper 
accumulation, liver fibrosis, steatosis and cirrhosis.

ATP6AP1 Hepatomegaly, hepatosplenomegaly, jaundice, elevated transaminases, 
decreased copper, liver fibrosis, steatosis and cirrhosis.

Table 2
Liver symptoms present in CDG types with predominant or isolated liver involvement.

Depending on whether or not the liver problems in specific CDG types were predominant 
or unique, or not, we divided CDG into 2 groups:

 ■ CDG types with predominant or isolated liver involvement.

 ■ Other CDG types with associated liver disease.

The Table 2 and Table 3 describe the liver symptoms found in each group of CDG. 
To interpret these tables you can use the explanations in Table 1.
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Other CDG types with associated liver disease

CDG type Predominant liver symptoms – see Table 1 for definition of symptoms.

PMM2 Hepatomegaly, decreased prothrombin time and antithrombin, 
elevated transaminases, decreased albumin, liver fibrosis and steatosis.

ALG1 Hepatomegaly, decreased antithrombin, elevated transaminases 
and decreased albumin.

ALG3 Hepatomegaly, elevated transaminases, decreased albumin, 
liver fibrosis, steatosis and cirrhosis.

ALG6 Hepatomegaly, hepatosplenomegaly and jaundice.

ALG8
Hepatomegaly, hepatosplenomegaly, cholestasis, decreased prothrombin 
time and antithrombin, elevated transaminases, decreased albumin, 
liver fibrosis and steatosis.

ALG9 Hepatomegaly, hepatosplenomegaly, decreased antithrombin and albumin.

PGM1 Hepatomegaly and elevated transaminases.

COG1 Mildly enlarged liver.

COG2 Decreased ceruloplasmin and copper.

COG4 Elevated transaminases and alkaline phosphatase, and cirrhosis.

COG5 Hepatosplenomegaly, jaundice, elevated transaminases 
and alkalinephosphatase.

COG6 Hepatomegaly, hepatosplenomegaly, cholestasis, elevated transaminases 
and alkaline phosphatase, decreased albumin, liver fibrosis and cirrhosis.

COG7 Hepatomegaly, hepatosplenomegaly, cholestasis, decreased antithrombin, 
elevated transaminases and liver cirrhosis.

Table 3
Liver symptoms present in other CDG types, where the liver problems are not predominant or unique.

Below, the Table 3 refers to liver symptoms present in other CDG types, 
where the liver problems are not predominant or unique.
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5. Which liver function tests 
does my child or family 
member need to have?
Talk to your doctor about checking liver function and structure, as CDG is known to 
affect the liver (see Table 2 and 3). Tests that should be considered in CDG, especially 
for all the above-mentioned CDG subtypes, are the following liver enzyme tests in blood, 
since all these parameters can help in the diagnosis of liver disease.

ThE LivER ENzYME TEsTs iNCLUDE:

 ■ Transaminases (ALT and AST, for definition see Table 1);

 ■ Alkaline Phosphatase (ALP), bilirubin and gamma-glutamyl transferase (GGT - increased 
in liver disease), some labs also offer 5’ nucleotidase (these are the blood tests reflecting 
whether the bile production and secretion of the   liver is proceeding normally);

 ■ Prothrombin (PT) and International Normalized Ratio (INR) (clotting test, to test the 
production of clotting factors by the liver) ;

 ■ Albumin (the major blood protein, produced by the liver).



6. Which liver imaging tests 
does my child or adult patient 
needs to have?
Talk to your doctor about checking liver structure, as CDG is known to affect the liver 
(see study results in Table 2 and Table 3). 

To get an adequate information whether the liver and spleen are enlarged, whether there 
is a fatty liver, whether there are fluids in the abdominal cavity, whether the blood flow to 
the liver is normal (portal vein, see above), at least some kind of ultrasound is needed. 
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FOR This DiFFERENT NAMEs ARE UsED WiTh 
MiNOR MODiFiCATiONs, FOR iNsTANCE:

 ■ Abdominal ultrasound imaging or simply ultrasound imaging;

 ■ Abdominal duplex imaging;

 ■ Doppler ultrasound imaging;



A liver biopsy is a procedure that involves 
obtaining a small piece of liver tissue, by sticking 
a needle into the liver. This piece of liver tissue is 
then analyzed in the laboratory. Liver biopsy may 
be recommended to diagnose a problem or 
determine the severity of liver disease. 

The most common reason to obtain a liver 
biopsy is to determine if there is scar tissue in 
the liver (and if there is, how much). A liver 
biopsy is a safe procedure when performed by 
an experienced doctor. 

The most common problems that might be 
related to a liver biopsy include pain and a 
decrease in blood pressure. More serious 
complications, such as bleeding, infection, 
and injury to nearby organs, are rare. The risk 
of death from liver biopsy is extremely low, 
with a mortality of 1 in 5,000.

Some centers offer non-invasive techniques to 
measure liver scarification, e.g. Fibroscan, ARFI or 
shear-wave elastography. These are all techniques to 
quantify liver fibrosis without requiring invasive 
procedures like biopsy. However, these techniques 
are often not possible in small children.
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DEFiNiTiONs:

 ■ Elastography is a medical imaging modality that maps the elastic properties of soft 
tissue. The main idea is that whether the tissue is hard or soft will give diagnostic 
information about the presence or status of disease. Read more HERE.

7. Is a liver biopsy recommended 
or necessary for CDG patients 
mentioned in table 2 and 3 to 
detect fibrosis or cirrhosis?
Talk to your doctor about checking liver pathology (i.e. the description of what the liver 
looks like, under a microscope), as CDG is known to affect the liver (see study results 
previously mentioned). 

https://en.wikipedia.org/wiki/Elastography


8. Conclusions of our 
revision of literature
Liver involvement was present in 22 % of CDG types known to date.
The major signs and symptoms reported are:
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ELEvATED 
LEvELs OF 

TRANsAMiNAsEs 

DECREAsED 
ANTiThROMbiN 

LEvELs

LivER sTEATOsis, 
FibROsis AND 

CiRRhOsis

hEPATOMEGALY

 Normal liver  Enlarged liver
Hepatomegaly



CDG patients can also 
present liver failure. 
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 ■ Liver failure is the situation where the liver suddenly does not function enough anymore. 
This leads to bleeding problems, jaundice (the whites of the eyes turning yellow) and 
sleepiness, confusion or even coma. Cirrhosis on the other hand, in principle takes years 
to develop and is a chronic process leading to more and more accumulation of scar tissue 
in the liver, ultimately resulting in bad liver function.

MPi-CDG PATiENTs ARE REPORTED TO REsPOND TO MANNOsE TREATMENT; 
UNFRACTiONATED hEPARiN is sUGGEsTED As AN ALTERNATivE FOR PATiENTs 
WhO DO NOT REsPOND WELL TO MANNOsE. 

 ■ Liver transplantation has also been successful in one reported MPI-CDG patient.

 ■ Liver transplantation was performed in two CCDC115-CDG patients, one didn’t         
survive but the other patient is doing well. 

The underlying cause of most the CDG types we know now, very often cannot be 
treated (yet). Liver-related problems can often be treated or prevented with the help 
of experienced hepatologists.  



9. Future directions
An online survey was approved by a deontological committee. It aims to better understand 
liver involvement in CDG patients and its impact on patients’  well-being. We will 
gather knowledge in an anonymous and collective manner, directly from the patients and 
family members. 

This allows overcoming major obstacles related to research on rare diseases such as, poor 
understanding of the disease, heterogeneous patient populations with variable phenotypes 
and clinical courses and geographic dispersion of patients and investigators. In addition, 
small patient populations isolated in a few care centers does not help to collect CDG 
knowledge in a robust manner.
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LivER CDG ELECTRONiC QUEsTiONNAiRE (LCDGeQ): 
MEETiNG ThE UNiQUE ChALLENGEs OF CDG! 

www.apcdg.com/wg-cdg--liver

Your participation will be 
very important! 

KEEP iNFORMED AT

CDG A call for 
PARTiCiPATiON AMONG CDG 

PATiENTs AND FAMiLiEs 
WiLL bE LAUNChED sOON!

http://www.apcdg.com/wg-cdg--liver.html
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Make a donation to Portuguese 
Association for CDG

www.apcdg.com 
sindromecdg@gmail.com

The APCDG-DMR is led by affected family members that volunteer in an altruistic manner.                   
We do not receive government funding. We rely solely on donations in order to continue our projects. 
Thus, we know how to do a lot with very modest budgets. We still need your donation contribution 
to help us do our work.  If you wish further information,  please write us at:

       We know how important are patient-friendly documents for families and professionals. 
             You can make it happen!

Your generosity helps us 
Fostering breakthrough research that make a difference 
in the lives of CDG patients and their family members. 
Our actions are performed at the national and international 
level. Exceptional individuals are doing tremendous contributions as 
volunteers to move the APCDG mission forward. Several working groups have been created across 
several domains committed to address the concerns of affected patients and families. 

ACCOUNT NAME: APCDG-DMR 
(AssOCiAçãO PORTUGUEsA CDG E OUTRAs DOENçAs METAbóLiCAs RARAs)
bANK NAME: bANCO PORTUGUês DE iNvEsTiMENTOs (bPi)
Nib: 0010 0000 5149 8770 001 14         
ibAN: PT50  0010 0000 5149 8770 001 14
sWiFT/biC: bbPiPTPL
ADDREss: RUA ANTóNiO ANDRADE, 1138-b, 2820-287 ChARNECA DA CAPARiCA
COUNTRY: PORTUGAL
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 ■ Hepatomegaly (Page  20)                        
http://www.natural-health-news.com/enlarged-

liver-hepatomegaly/

 ■ Stages of liver damages (Page  20) 
http://www.hivandhepatitis.com/hep_chepc_

news_liver_fibrosis.html

©2016 Portuguese Association for CDG (APCDG-DMR, www.apcdg.com). All rights reserved. 

For further information please contact: Vanessa Ferreira (Volunteer and founder, Portuguese Associationo for CDG (APCDG), 
Portugal & CDG Professionals and Patient Associations Working Group, CDG-PPAWG.

Source of images:
 ■ Liver anatomy (Page 11 )                 

https://en.wikipedia.org/wiki/Liver

 ■ Liver image (Page 11 )                 
http://www.stanfordchildrens.org/en/topic/

default?id=how-the-liver-works-90-P02006
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