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Abstract: Importance: Alpha1-antitrypsin (AAT) deficiency is a common, but an underdiagnosed 
genetic condition, affecting 1 in 1500 individuals. It can present insidiously with liver disease in 
children. Although clinical practice guidelines exist for the management of AAT deficiency, espe-
cially with regards to pulmonary involvement, there are no published recommendations that spe-
cifically relate to the management of the liver disease and monitoring for lung disease associated 
with this condition, particularly in children. 
Objective: To review the literature on the management of AAT deficiency-associated liver disease 
in adults and children. 
Evidence Review: A systematic search for articles indexed in PubMed and published was under-
taken. Some earlier selected landmark references were included in the review. Search terms in-
cluded: “alpha1-antitrypsin deficiency”; “liver disease”; “end-stage liver disease”; “liver transplan-
tation” and “preventative management”. Recommendations for the management of children with 
suspected or confirmed AAT deficiency were made according to the Strength of Recommendation 
Taxonomy scale. 
Findings: Liver complications arising from AAT deficiency result from the accumulation of mu-
tated AAT protein within hepatocytes. Liver disease occurs in 10% of children, manifested by cho-
lestasis, pruritus, poor feeding, hepatomegaly, and splenomegaly, but the presentation is highly 
variable. A diagnostic test for AAT deficiency is recommended for these children. Baseline liver 
function tests should be obtained to assess for liver involvement; however, the only curative treat-
ment for AAT deficiency-associated liver disease is organ transplantation. 
Conclusion and Relevance: There should be a greater vigilance for AAT deficiency testing among 
pediatricians. Diagnosis should prompt assessment of liver involvement. Children with AAT-
deficiency-associated liver disease should be referred to a liver specialist and monitored throughout 
their lifetimes for the symptoms of AAT-deficiency-related pulmonary involvement. 

Keywords: Alpha1-antitrypsin deficiency, systematic review, pediatric liver disease, diagnosis, emphysema, pulmonary func-
tion tests. 

1. INTRODUCTION 

 Fifty years ago Laurell and Eriksson first described the 
relationship between low levels of the protein alpha1-
antitrypsin (AAT) and early-onset emphysema and recog-
nized that the condition was inherited [1]. AAT deficiency, 
which is estimated to affect 1 in 1500 individuals [2], is the 
only known genetic risk factor for Chronic Obstructive Pul-
monary Disease (COPD) and is responsible for up to 3% of 
all cases of COPD [3]. It is estimated that less than 10% of 
AAT-deficient individuals have been diagnosed [3-5].  
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 Lung disease due to AAT deficiency may become appar-
ent at any age in adulthood. In addition to pulmonary dis-
ease, there is an association between a low level of AAT and 
liver disease leading to cirrhosis in children [6, 7]. AAT de-
ficiency is the most frequent genetic cause of liver disease in 
children [2]. The spectrum of the liver disease phenotype 
ranges from protracted jaundice and liver enzyme elevation 
to cirrhosis and chronic liver disease [8]. Of children with 
AAT deficiency-associated liver disease, progressive liver 
dysfunction occurs in a small proportion [8]. In addition, 
AAT deficiency predisposes adults to chronic liver disease 
and hepatocellular carcinoma (HCC) [9]. Other extra-
pulmonary manifestations of AAT deficiency include the 
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skin disease necrotizing panniculitis, vasculitis (Wegener’s 
granulomatosis), and rheumatoid arthritis [10, 11]. 
 AAT deficiency is a single-gene disorder that results 
from mutations in the SERPINA gene located on chromo-
some 14. The SERPINA gene encodes for AAT, also known 
as alpha1-proteinase inhibitor (alpha1-PI). Alpha1-PI is a 52-
kDa protein that plays a protective role in the lung through 
inhibition of proteolytic enzymes, especially neutrophil elas-
tase (NE), which is released in response to inflammation. In 
the absence of sufficient levels of alpha1-PI, the protease-
antiprotease balance is altered and the uninhibited NE may 
lead to progressive emphysema [9, 11].  
 The SERPINA gene is highly susceptible to mutations; 
individuals who produce normal levels of alpha1-PI are ho-
mozygous (PI*MM) for the (normal) M allele. The majority 
of those with severe AAT deficiency are homozygous for the 
Z allele (PI*ZZ) and have insufficient alpha1-PI levels, while 
the mutation leading to the S allele is also common and re-
sults in lower levels of alpha1-PI [11, 12]. More than 100 
alleles have been identified, but not all are associated with 
the disease. Individuals may be heterozygous and carry the 
S, Z, or MZ genotypes with reduced levels of alpha1-PI that 
confer a lower, but increased risk for the disorder, particu-
larly in smokers [13]. In PI*ZZ individuals, the abnormal 
alpha1-PI protein that is formed accumulates in the hepato-
cytes and is retained in the liver rather than being secreted 
into the bloodstream; this may cause liver injury, cirrhosis, 
and HCC that are associated with AAT deficiency [11, 14-
16]. Individuals with “Null” mutations produce no alpha1-PI 
[12]. The occurrence of the Null allele does not cause liver 
disease, but can result in the development of lung disease 
[9].  
 The purpose of this review is to summarize the current 
scientific knowledge surrounding AAT deficiency liver dis-
ease, with a particular focus on children. While liver compli-
cations due to AAT deficiency, such as protracted hyperbili-
rubinemia or elevated liver enzymes, present early in neo-
nates and children, they are not routinely diagnosed. In addi-
tion, when these complications normalize, there is a lack of 
follow-up of children as they transition into adulthood, for 
monitoring of pulmonary manifestations. We will explore 
the reasons for under-recognition and propose recommenda-
tions to improve the rate of diagnosis and management of 
AAT deficiency in children, who may also go on to develop 
extra-hepatic manifestations. 

2. METHODS 

 Evidence for the content and information provided in this 
paper was obtained from the peer-reviewed literature on 
AAT deficiency by carrying out a systematic review accord-
ing to the standards of Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines 
[17]. The term “AAT deficiency” was combined with the 
following search terms to identify relevant articles from the 
PubMed database: “liver disease” (to include “adolescent 
management” or “pulmonary screening” or “health screen-
ing”); “end-stage liver disease”; “liver transplantation”; “ 
liver disease management”; “ lung screening algorithm” and 
“preventive management”. Recent papers (from the past 5 
years) authored by leaders in the field of AAT deficiency 

were included in the search. Selected landmark references 
were also included. 
 Recommendations for management of patients diagnosed 
with liver disease as a consequence of their AAT deficiency 
were evaluated based on their quality of evidence according 
to the Strength of Recommendations Taxonomy (SORT) 
[18], with levels of evidence assigned grades from A to C. 

3. PATHOPHYSIOLOGY OF LIVER DISEASE IN 
AAT DEFICIENCY 

 The Z mutation in the alpha1-PI molecule results in mis-
folded AAT protein and subsequent abnormal spontaneous 
polymerization within the Endoplasmic Reticulum (ER), 
preventing the secretion of approximately 85% of the protein 
from the liver. The accumulation of alpha1-PI polymers 
within the hepatocyte Endoplasmic Reticulum (ER) causes 
liver injury. Two pathways are believed to be involved to 
counter the accumulation of Z protein in the ER: (a) binding 
of the non-polymerized Z protein to the transmembrane ER 
chaperone calnexin, followed by binding to ubiquitin, and 
subsequent degradation of the complex; (b) autophagic deg-
radation, apoptosis, and cell death in the minority of hepato-
cytes with the heaviest accumulation of mutant protein 
polymer (reviewed by Teckman [15]). The hepatocytes that 
have a lower level of Z protein polymer accumulation prolif-
erate to maintain functional liver mass, but over time the 
chronic processes of cell injury, cell death, and compensa-
tory proliferation result in end organ fibrosis, cirrhosis, and 
HCC. 
 The efficiency of the degradation mechanism involving 
calnexin is believed to be a factor in determining the suscep-
tibility to liver injury of an individual with the PI*ZZ geno-
type [10, 15]. Overt liver disease may occur more consis-
tently in newborn infants than in young adults due to liver 
cells in the former being less capable of degrading mutant Z 
protein [9]. Whereas PI*ZZ is the primary genotype associ-
ated with liver disease, the S allele is not associated with 
liver disease, except when coinherited with the Z allele [10].  

4. CLINICAL COURSE OF LIVER DISEASE IN AAT 
DEFICIENCY 

 Among PI*ZZ children, the presentation of liver disease 
can be highly variable. During the neonatal period, liver dis-
ease is typically cholestatic in nature and includes symptoms 
of prolonged cholestatic jaundice, pruritus, poor feeding and 
weight gain, hepatomegaly, and splenomegaly. Cholestasis 
(indicated when the direct reacting serum bilirubin level is 
>1.0 mg/dL if the total bilirubin is <5 mg/dL, or when the 
direct bilirubin represents >20% of the total bilirubin if the 
total bilirubin is >5 mg/dL) [19] usually resolves within the 
first 6 to 12 months of life, except when children also have 
paucity of intrahepatic ducts. The majority of AAT-deficient 
children recover clinically; however, children who have 
splenomegaly may develop cirrhosis [7] and 5% of children 
with liver disease will ultimately require Liver Transplanta-
tion (LT) within the first 4 years of life [20]. Some children 
with liver disease due to AAT deficiency are also at risk for 
developing HCC, or rarely, fulminant hepatic failure [8, 15, 
21]. Factors that indicate potentially more severe prognosis 
in PI*ZZ childhood liver disease are shown in Table 1. 
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 A population based study that screened 200,000 new-
borns in Sweden in the 1970s [2] identified 122 infants with 
the PI*Z genotype (120 homozygotes and 2 heterozygotes); 
clinical signs of liver disease were found in 22 (17%) of the 
PI*ZZ infants (11% neonatal cholestasis and 6% who had 
other clinical symptoms of liver disease without jaundice) [2]. 
The children with the PI*ZZ genotype have been followed 
prospectively from birth through to 18 years of age; none of 
those who were identified as having neonatal liver disease had 
any clinical signs of liver disease at age 12 or 18 [2, 22].  
 In older children, AAT deficiency may present as asymp-
tomatic chronic hepatitis. The majority of children with AAT 
deficiency have no evidence of active liver injury and remain 
healthy [15]. Progressive liver disease in previously well, 
young or middle-aged adults appears to be infrequent but 
risk does increase with age [15]. A study by Dawwas et al. 
[23] has shown that 17.5% of 57 PI*ZZ individuals (median 
age 56 years) with lung disease also had severe fibrosis or 
cirrhosis. In a study of 647 AAT-deficient adults (mean age 
54.7 years), the prevalence of liver disease was 7.9% [24].  
 While cirrhosis may become clinically apparent at any 
age, the peak incidence occurs in elderly PI*ZZ never-
smokers who have not developed severe emphysema, and in 
cases where emphysema has been treated [8, 15]. When the 
causes of death were examined in a study of PI*ZZ never-
smokers, cirrhosis was observed to be a principal cause of 
mortality, accounting for 28% of deaths compared with 45% 
from emphysema [11]. Approximately 50% of PI*ZZ adults 
die of severe lung disease at a mean age of 52 years and have 
mild or no signs of liver disease, whereas among those dying 
around 10 years later, there are signs of chronic progressive 
liver disease [9].  
 Cirrhosis resulting from AAT deficiency is an established 
risk factor for HCC; survival following diagnosis of cirrhosis 

is lowered and 30% of patients have primary liver cancer at 
autopsy [10]. AAT-deficient individuals should be screened 
for HCC using biomarkers or imaging. Hepatocytes with 
high accumulation of mutant alpha1-PI may survive with 
damage and are believed to stimulate “in trans” adjacent 
hepatocytes with low accumulation to proliferate, generating 
a cancer-prone state [25].  
 Genetic and environmental factors may play a role in the 
clinical course and severity of AAT deficiency associated 
liver disease. Specifically, a childhood history of liver dis-
ease, male gender, and obesity has been implicated as risk 
factors for developing liver disease during adulthood [8, 9, 
24]. Consequently, physicians should consider counseling 
AAT-deficient patients for obesity. 

5. HETEROZYGOTES AND LIVER DISEASE  

 Liver disease should be a consideration even in heterozy-
gotes. Although transiently elevated serum transaminases 
have been described in a small minority of PI*MZ newborns, 
clinically significant health problems do not appear to de-
velop in childhood; however, studies in adults have shown 
an odds ratio for the risk of developing chronic liver disease 
in PI*Z heterozygotes of 1.8 to 3.1 [8]. Rakela et al., [26] 
showed that liver disease became symptomatic later in life at 
the age of 58 years in PI*ZZ, 66 years in PI*SZ, and 73 
years in PI*MZ individuals, whereas neither the PI*MS nor 
PI*SS phenotypes have any direct correlation with liver dis-
ease [10].  

6. DIAGNOSIS OF AAT DEFICIENCY IN INDIVIDU-
ALS WITH LIVER DISEASE 

 The clinical features that suggest PI*ZZ AAT deficiency 
in childhood are shown in Table 1 [8]. As liver disease due 
to AAT deficiency presents early in neonates and children, 

Table 1. Clinical features and risk factors for AAT deficiency in childhood [8]. 

Clinical Features Suggesting PI*ZZ AAT Deficiency in Childhood 

Infant with increased level of transaminase and/or bilirubin  

Infant with neonatal hepatitis syndrome  

Child or adolescent with hepatomegaly and/or hepatosplenomegaly  

Infant with failure to thrive  

Infant with vitamin K–deficient coagulopathy  

Child or adolescent with symptoms of chronic liver disease  

First degree relative of PI*ZZ individual 

Factors Indicating Potentially More Severe Prognosis in PI*ZZ Childhood Liver Disease 

PI*ZZ relative with liver disease  

Neonatal cholestasis 

Male gender  

Persistent hyperbilirubinemia  

Hard hepatomegaly  

Early splenomegaly  

Prolonged prothrombin time  

Persistently elevated gamma glutamyltransferase level 
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but can follow a relatively benign course, testing for the dis-
order should be part of the differential diagnosis in children 
with liver abnormalities. We summarize the current scientific 
opinion surrounding the diagnosis and management of  
children with suspected and confirmed AAT deficiency in 
Table 2. 
 In general, the diagnosis of AAT deficiency does not 
require liver biopsy, although it may be helpful for excluding 
other causes of liver disease and can be used to establish the 
degree of fibrosis and liver parenchymal disruption and thus 
“stage” liver disease [8]. Findings on liver biopsy are highly 
variable and may include globular, eosinophilic inclusions of 
polymerized alpha1-PI protein [15], as well as fibrosis, and 
nodular transformation (Fig. 1A). The presence of periodic 
acid–Schiff-positive diastase-resistant globules on liver bi-
opsy (Fig. 1B) should prompt suspicion of AAT deficiency 
[15, 27]. 
 Apart from low alpha1-PI levels, laboratory tests and 
clinical features of liver disease in adults with AAT defi-
ciency are indistinguishable from those of cirrhosis of any 
etiology; for example, the biochemical and histopathological 

findings in PI*ZZ adults may be similar to those of alcoholic 
liver disease. In cases of unexplained liver disease, therefore, 
a specific laboratory diagnosis of AAT deficiency is required 
[8, 15]. The American Thoracic Society/European Respira-
tory Society (ATS/ERS) Task Force recommendations in-
clude testing for AAT deficiency in all individuals with 
unexplained liver disease, including neonates, children, 
adults, and especially the elderly [8]. Additionally, 
unexplained liver disease should be confirmed by the testing 
for elevated liver enzymes (alanine aminotransferase [ALT], 
aspartate aminotransferase [AST], and bilirubin). 

7. MANAGEMENT OF LIVER DISEASE IN AAT DE-
FICIENCY AND THERAPEUTIC APPROACHES 

 In children with AAT deficiency, protracted jaundice or 
recurrence of bilirubin elevations after 6 months of age 
should prompt evaluation for progressive liver disease and 
signs of portal hypertension. In addition, evaluation for LT 
should be considered [28].  
 The standard management of liver disease in children is 
supportive care as it cannot be predicted which children 

Table 2. Summary of recommendations for the management of children with suspected and confirmed AAT deficiency according 
to the strength of recommendations taxonomy (SORT) [18]  

Clinical Management Level of Evidencea Comments 

Children with unexplained liver disease or suspected AAT deficiency 

Genetic testing for AAT deficiency A Consensus guidelines recommend diagnostic testing for all 
patients who have unexplained liver disease8 

Liver biopsy to evaluate tissue for the presence of intra-
hepatocystic globules 

C Based on clinical opinion [15, 27]  

 

 

 

 

 

 

 

Children with liver disease as a result of confirmed AAT deficiency 

In children >6 months old with jaundice or recurrent 
elevated bilirubin, evaluate for LT 

C Based clinical opinion following a study of  the study of 18 
patients who received LT [28] 

Annual physical exam to assess for splenomegaly and 
portal hypertension 

Evaluate for LT if portal hypertension 

Annual liver function tests (alpha-fetoprotein and en-
zymes) 

Annual ultrasound to assess the liver, spleen, and portal 
vasculature 

Screen for HCC 

C Based on the clinical experience of the authors 

Abbreviations: HCC, Hepatocellular Carcinoma, LT, Liver Transplant. 
aLevel of evidence for recommendations: A, based on consistent and good quality patient-oriented evidence; B, based on inconsistent or limited quality patient-oriented evidence; C, 
based on consensus, usual practice, opinion, disease-oriented evidence and case series.  

AAT 
deficiency 
diagnosed 
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will develop progressive liver disease. This includes 
routine assessment by hepatologists comprising a physical 
exam to assess for splenomegaly and other signs of portal 
hypertension. Laboratory tests should include liver function 
tests, assessment of synthetic liver function (INR, albumin) 
and fat soluble vitamin levels. No standard recommenda-
tion exists on the frequency of these assessments, but they 
should be checked at minimum on an annual basis. Patients 
should also have a baseline and annual ultrasound to assess 
the liver, spleen, and portal vasculature. In addition, ultra-
sound can be used as a screening tool, as patients with 
AAT deficiency are at an increased risk of liver cancers, 
and should also undergo annual alpha-fetoprotein (a plasma 
protein notably elevated in HCC) testing. If liver disease 
progresses, management should focus on supportive care 
for complications of portal hypertension. Children and 
young adults with portal hypertension should be referred to 
a liver specialist and evaluated for liver transplant. When 
liver disease is progressive, monitoring of clotting function, 
fat-soluble vitamins, and albumin levels is necessary. Vac-
cination against viral hepatitis and checking vaccine-
induced immunity status is recommended in AAT-deficient 
children with overt liver disease [8].  
 In the case of AAT-deficient adults, current recommen-
dations are to assess patients by tests of liver function, in-
cluding asymptomatic individuals [8, 24]. A recent study 
suggests that effective screening of liver disease in patients 
with PI*ZZ-related lung disease should include a combina-
tion of conventional tests of liver function, platelet count, 
and liver ultrasound [23]; however, Clark et al. [24] report 
that an increased level of ALT does not consistently identify 
liver disease in adults with AAT deficiency. The standard 
liver supportive care in adults is the same as for many liver 
diseases (i.e, hepatitis A and B vaccination, physical examina-
tion, ultrasound, limitation of alcohol consumption) [8, 15].  
 The only corrective therapy at present for AAT-deficient 
patients with severe liver disease is liver transplantation [9, 
15], although several potential therapies are under investiga-
tion. Novel treatments could include small molecules that 
inhibit polymerization, compounds that accelerate proteoly-
sis pathways, and gene therapy for inhibiting transcription or 
translation of mutant Z RNA [9]. An alternative approach 
has involved the use of dermal fibroblasts isolated from in-

dividuals with AAT deficiency to generate human induced 
pluripotent stem cell lines, which have been differentiated 
into hepatocyte-like cells [29]. The ultimate aim of this re-
search is to provide cells suitable for autologous cell-based 
treatment of AAT deficiency [14].  

8. LIVER TRANSPLANTATION 

 AAT deficiency is the most common metabolic disease 
leading to LT in children, whereas it is a rarer indication for 
LT among adults [10, 20, 30]. Analysis of subjects from the 
United Network for Organ Sharing database who underwent 
LT has shown that AAT deficiency accounted for 1.06% of 
all adult LTs and 3.51% of pediatric LTs [30].  
 Indications for considering LT include persistent and 
recurrent cholestasis, worsening coagulation profile; very 
high liver enzyme levels, severe AAT deficiency-related 
glomerulonephritis [7], and ascites as a result of portal hy-
pertension. In a study of 97 PI*ZZ children, Francavilla et 
al. [20] found that duration of jaundice, severity of bile duct 
reduplication, severe fibrosis, established cirrhosis, and bio-
chemical abnormalities all predicted outcome and require-
ment for LT at an early stage of liver disease. Bakula et al. 
[31] concluded from a study in 59 children with cholestasis 
or chronic hepatitis that LT should not be delayed in PI*ZZ 
patients with portal hypertension, esophageal varices, or de-
terioration of hepatic function. The main outcomes from 
several studies that describe LT in AAT-deficient patients 
are summarized in Table 3 [20, 30, 32-34]. 
 Post-transplant outcomes in children with AAT defi-
ciency are no different than for other children undergoing 
LT. In addition, alpha1-PI levels are normalized after LT 
suggesting that this is a “curative” intervention in selected 
patients. By observing the changes in patient pulmonary 
function, LT was shown to stabilize the progression of pul-
monary disease [34, 35].  

9. REASONS FOR THE UNDER-RECOGNITION OF 
AAT DEFICIENCY AND THE LACK OF ROUTINE 
DIAGNOSIS OF LIVER COMPLICATIONS 

 Although accessible, inexpensive, and straightforward 
testing procedures are available, both liver and lung disease 
due to AAT deficiency are underdiagnosed. Even for those 

  A)        B) 

  

Fig. (1). Biopsy findings from patients with AAT deficiency-related liver disease. A) Hematoxylin and eosin stain (2 ×) demonstrating fibro-
sis with nodular transformation.  AAT. B) PAS-diastase staining (40 ×) demonstrating PAS-positive, diastase-resistant globules that are 
characteristic in AAT deficiency.  
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who are diagnosed, there is often a long delay, while the vast 
majority are never diagnosed at all [3, 21, 36, 37]. There is 
still a lack of awareness of AAT deficiency-related liver and 
lung disease among the medical community [38-40]. In the 
case of lung disease, the similarity of the symptoms with 
those of usual (non-hereditary) COPD, as well as with those 
of asthma, and the observation that many AAT-deficient 
individuals may not have clinically significant lung function 
impairment, adds to the challenge of diagnosing the disorder 
[8, 11, 38, 48]. A key feature of the diagnosis of AAT defi-
ciency in both liver disease and lung disease is that une-
quivocal evidence can only be provided by the results of a 
specific genetic test [41]. 

10. THE RATIONALE FOR INCREASED VIGILANCE 
FOR AAT DEFICIENCY-RELATED LIVER DISEASE 

 It is of crucial importance that both early detection of 
AAT deficiency and an increased rate of testing suscepti-
ble individuals be carried out, so that (i) AAT-deficient 
individuals can then take measures to preserve pulmonary 
function (e.g, smoking abstinence or cessation, and pre-
venting infection); (ii) Family members who are at in-
creased risk can be screened and heterozygous carriers 
detected; and (iii) Effective management for AAT defi-
ciency can be instituted [42-44]. It is of interest in this 
connection that the screening program of newborn chil-
dren in Sweden that led to the early detection of AAT 
deficiency has been shown to prevent adolescent children 
from starting to smoke [45].  
 The ATS/ERS have published guidelines for the clinical 
recognition of AAT deficiency, and recommendations for 
testing for the disorder (Table 4). Genotyping provides a 
definitive diagnosis and may also be necessary for detecting 
heterozygotes [37, 40]. Physicians should be aware of the 
family history and the need to test family members [38]. 
Information about the implications of having the test for 
AAT deficiency should be provided to both adults and older 
children [40, 46-49]. 

11. TARGETED TESTING AND POPULATION-
BASED SCREENING 

 The rationale for both targeted testing of individuals with 
liver disease or COPD (as recommended by official guide-
lines), versus population-based screening of newborns or 
adults, have been reviewed previously [37, 44, 50]. At pre-
sent, population-based screening of neonates, adolescents, or 
adults is not recommended. Targeted detection programs in 
combination with awareness programs in different countries 
have identified a large number of individuals with AAT de-
ficiency [43, 50, 51], as has a population screening study in 
Italy [52]. Campos et al. [41] reported a detection rate for 
AAT deficiency of 2.8% by US referral laboratories that also 
included screening of individuals with liver disease, which is 
higher than the rate observed by testing COPD patients 
alone. The detection of AAT deficiency by early screening 
of infants with liver disease has been suggested as being 
beneficial by Topic et al. [53].  

12. GENERAL MANAGEMENT OF THE AAT-
DEFICIENT PATIENT 

 When AAT deficiency has been diagnosed, general man-
agement should include yearly liver function tests (more 
frequently if patients have progressive liver disease). If liver 
enzymes are elevated, liver function tests should be repeated 
after one month; the patient should be referred to a hepatolo-
gist if elevated liver enzyme levels persist. 
 If liver disease is due to AAT deficiency, follow-up ap-
pointments should involve baseline assessment of lung func-
tion. If there are concerns about lung function upon examina-
tion patients should have a pulmonary consultation and at-
tend yearly pulmonary function testing. There is limited evi-
dence from the literature that screening for pulmonary symp-
toms is routinely carried out in children with liver disease, 
but given the natural history of AAT deficiency, children 
should have routine pulmonary function test screening at 
least once when they are teenagers and then routinely when 
they are adults. Other annual exams should consist of a basic 
metabolic panel, complete blood count, and inflammatory  
 

Table 3. Outcomes in patients with AAT deficiency who undergo liver transplantation. 

Reference Patient Cohort Outcome 

Hughes et al, 2011 [32] 35 Children 
1-year and 10-year survival rates of 82.7% and 76.5%, 

respectively 

Kemmer et al, 2008 [30] 570 Adults and children 
1-, 3-, and 5-year survival was 89%, 85%, and 83%,  

respectively, for adults vs. 92%, 90%, and 90%  
for children 

Francavilla et al, 2000 [20] 
97 Children with AAT deficiency, 24 of whom 

received liver transplant 
10-year total survival rate of 98% 

Prachalias et al, 2000 [33] 21 Children 40-month survival rate of 100% 

Vennarecci, et al, 1996 [34] 22 Adults and 13 children 
1-year survival rate of 73% for adults and 87.5%  

for children 

Filipponi et al, 1994 [28]  16 Children  22-month survival rate of 94%  
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markers to look for signs of other associations with AAT 
deficiency such as diabetes, inflammatory bowel disease, 
and renal disease.   
 When patients develop symptomatic lung disease, they 
should receive the range of conventional treatments for 
COPD, as well as vaccinations and prompt treatment of res-
piratory illness. Augmentation therapy with intravenous pu-
rified alpha1-PI, a specific treatment for AAT deficiency, is 
recommended for individuals with obstructive pulmonary 
disease due to the disorder [8]. Studies of augmentation ther-
apy have shown increased levels of alpha1-PI in the lung 
[54], a slower rate of lung function decline [55-57], a re-
duced loss of lung tissue [58, 59] and could also lead to a 
reduced mortality [8].  
 Planned care follow-up and medical monitoring pro-
grams, which can be coordinated by the primary care  
physician [38], are important, as a lack of adequate  
follow-up of patients with lung or liver disease will lead to 
deterioration. 

CONCLUSION 

 The variability in the presenting symptoms affecting ei-
ther the liver or the lung across age groups leads to the po-
tential for the AAT-deficient patient to be seen by a wide 
range of healthcare professionals, both primary care and spe-
cialist. Since there are many reasons for the presentation of 
liver disease in young children, physicians do not routinely 
include AAT deficiency in the differential diagnosis. A cor-
rect diagnosis is important for effective clinical follow-up 
and for genetic counseling [27]. Detecting liver disease due 
to AAT deficiency in children could help to prevent them 
developing lung disease in adulthood.  
 Primary care physicians have a key role in increasing the 
awareness and testing of AAT deficiency leading to earlier 
diagnosis and more time effective management of this disor-
der; physicians still regard AAT deficiency as primarily a 
lung disease, and this contributes to the lack of a routine di-
agnosis of liver disease due to the disorder. The development 
of guidelines for the recognition of the extra-pulmonary 
manifestations of AAT deficiency would be of particular 
benefit to pediatricians and family physicians who might be 

unaware of the hepatic implications of for this condition 
among children.   
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