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Lysinuric protein intolerance (LPI) is a rare inborn error of metabolism (IEM), classified as an inherited

aminoaciduria, caused by mutations in the SLC7A7 gene, leading to a defective cationic amino acid transport. The

metabolic adaptations to the demands of pregnancy and delivery cause significant physiological stress, so those

patients affected by IEM are at greater risk of decompensation.

lysinuric protein intolerance  pregnancy  rare disease

1. Introduction

Lysinuric protein intolerance (LPI) is a rare disorder classified in the Inborn Error of Metabolism (IEM) group, with

an autosomal recessive inheritance. It is caused by mutations in the SLC7A7 gene, which encodes the y+LAT–1

protein [y(+) L–type amino acid transporter 1]. A defective y+LAT–1 protein results in an abnormal cationic amino

acid (AA) transport, leading to deficient gastrointestinal absorption and urine loss of arginine, ornithine, and lysine

. The reduced availability of arginine and ornithine compromises the normal functioning of the urea cycle (the

major pathway for the disposal of nitrogen in humans) as both AA act as urea cycle intermediates .

Although LPI is characterized by protein intolerance and failure to thrive, it represents a severe multisystemic

disorder in which almost any organ can be affected: gastrointestinal tract (vomiting and chronic diarrhea), lungs

(pulmonary alveolar proteinosis (PAP)) and kidneys (tubulopathy, proteinuria, and renal failure). Hematological

defects (anemia, leukopenia, thrombocytopenia, hemophagocytic lymphohistiocytosis/macrophagic activation

syndrome (HLH/MAS)), altered immune response (autoimmune disorders, deficient B–cell function), and

hypercholesterolemia/hypertriglyceridemia are also usual findings .

Therapeutical management is based on a low-protein diet, supplemented with citrulline (lysine can also be

considered), L-carnitine, vitamins, and other micronutrients if necessary, along with nitrogen-scavenging drugs 

.

LPI integrative treatment has helped females to reach their reproductive age. As pregnancy and delivery constitute

significant stressors, any woman is at greater risk of metabolic decompensation at this time . When an IEM

coexists, this risk becomes even greater .
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A limited number of case reports on LPI in pregnancy and only one cohort study from Finland have been published

thus far . However, none of these cases have simultaneously faced: 1) the classical, but challenging, both

medical and nutritional disorders of LPI in the pregnancy setting and 2) the patient’s will of natural childbirth despite

suffering a complex metabolic disorder. To contribute to the fulfillment of this gap in the literature, the case of a 28–

year–old woman with genetically confirmed LPI who developed threatening complications in pregnancy but

expressed her will for a natural delivery has been recently reported . 

2. Lysinuric Protein Intolerance in Pregnancy

IEM were once considered exclusively pediatric conditions; however, they currently represent a growing challenge

in adult medicine. Indeed, more patients with IEM are now reaching the childbearing age and pursuing pregnancy

. Furthermore, as independent adults, patients are the ones who actively take control of their diet (not their

parents anymore) and so, tailored and supervised dietary management becomes essential for good health and

well-being. 

The clinical characteristics of patients with LPI go beyond the classical urea cycle disorder (UCD) , suggesting

an increased risk for maternal complications during pregnancy and delivery . There are a few reported cases of

LPI and pregnancy  that shared some of our main medical challenges but did not face the patient’s wish to

have a natural delivery.

Through the revision of the case report of a young woman with LPI willing for a natural delivery, new knowledge

has been acquired. The metabolic needs in pregnancy can be met through a tailored dietetic plan including a

shake specially designed to avoid both essential and non-essential AA deficiencies. As previously reported in the

Finnish cohort, plasma leucine and isoleucine appear to be decreased, along with cationic AA . Meanwhile, in

contrast to healthy pregnancies , methionine can be decreased across gestation while no significant changes in

phenylalanine levels. It should be stressed that although ammonia concentration can remain within an acceptable

range, plasma glutamine can be set further above the upper limit of normal. Indeed, in certain patients with UCD,

glutamine may be chronically elevated without high ammonia levels at the same time point indicating metabolic

instability. Even if glutamine does not cause brain edema as in acute hyperammonemia, glutamine itself is

neurotoxic . Among nitrogen scavengers, sodium phenylbutyrate and glycerol phenylbutyrate bind directly to

glutamine allowing better clearance; on the other hand, sodium benzoate binds to glycine . However, since the

use of benzoate in pregnancy is more widespread, it is the most used option. 

Bronchitis episodes may compromise the patient’s calorie intake. Even though PAP might be the underlying cause,

a deterioration of the phagocytic function leading to an abnormal immune response might also contribute to

respiratory symptoms .

Renal involvement is another main concern in patients with LPI. Glomerular filtration rate (GFR) can be estimated

using cystatin C to avoid the limitations derived from Cr, observing a GFR appropriate to pregnancy-related

hyperfiltration . 
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With regards to liver enzymes, transaminases tend to increase after the second trimester and remain slightly

elevated 1 year after pregnancy. A similar pattern can be observed for both cholesterol and triglycerides.

Moving onto the PE risk, an imbalance between proangiogenic (i.e., PlGF: Placental Growth Factor) and

antiangiogenic factors (i.e., sFlt–1: Soluble fms-like tyrosine kinase-1), namely an increased sFlt–1/PlGF ratio,

results in a net antiangiogenic state which favors the development of placental dysfunction . The sFlt–1/PlGF

ratio within the reference range (<38) has shown a very high negative predictive value for the short-term prediction

of PE and is used to rule out an imminent threat in a pregnant woman with clinical or analytical suspicion of PE .

However, an elevated ratio does not necessarily indicate an increased risk as it can be caused by other factors

(e.g., the presence of a small-for-gestational-age fetus). Angiogenic factors within the normal range at the time of

the onset of arterial hypertension make the diagnosis of PE very unlikely. Moreover, other signs of PE, such as

thrombocytopenia, mild proteinuria, and elevated liver enzymes might be explained by LPI pathology. Therefore,

PE diagnosis in LPI should be considered with great care. 

The monitorization of ammonia levels during delivery, as well as its concentration in the umbilical cord and the

newborn, has just been reported once in the literature (10.3390/jcm12196405). In this case, as plasmatic ammonia

determination was not readily available in the maternity hospital, capillary blood ammonia was also measured with

a portable meter. This analyzer uses a single wavelength reflectance method and special reagent strips, with a

measurement range from 10 to 400 µg/dL (conversion factor from µmol/L to µg/dL = 0.587). While a good

correlation between plasmatic and capillary ammonia could not be established, since many external factors could

have obscured the relationship , capillary levels constituted a good aid in tracking ammonia oscillations . It

has been described that ammonia is produced by deamination within both the fetus and the placenta. However, the

arterial umbilical ammonia concentration exceeds the venous umbilical concentration, indicating a net ammonia

production by fetal tissues in humans . A better knowledge of ammonia levels evolution intrapartum could help to

determine the plausibility of delayed cord clamping in IEM.

To conclude, careful nutritional and pharmacological treatment under the surveillance of integrative teams is crucial

to ensure both maternal well-being and fetal development in any woman, especially when potentially threatening

medical conditions such as LPI coexist . 

References

1. Mauhin, W.; Habarou, F.; Gobin, S.; Servais, A.; Brassier, A.; Grisel, C.; Roda, C.; Pinto, G.;
Moshous, D.; Ghalim, F.; et al. Update on Lysinuric Protein Intolerance, a Multi-faceted Disease
Retrospective cohort analysis from birth to adulthood. Orphanet. J. Rare Dis. 2017, 12, 3.

2. Sebastio, G.; Sperandeo, M.P.; Andria, G. Lysinuric protein intolerance: Reviewing concepts on a
multisystem disease. Am. J. Med. Genet. C Semin. Med. Genet. 2011, 157, 54–62.

[20]

[21]

[22] [23]

[24]

[7]



Lysinuric Protein Intolerance in Pregnancy | Encyclopedia.pub

https://encyclopedia.pub/entry/50243 4/5

3. Nunes, V.; Niinikoski, H. Lysinuric Protein Intolerance. In GeneReviews® ; Adam, M.P., Mirzaa,
G.M., Pagon, R.A., Wallace, S.E., Bean, L.J.H., Gripp, K.W., Amemiya, A., Eds.; University of
Washington: Seattle, WA, USA, 1993.

4. Tanner, L.M.; Näntö-Salonen, K.; Niinikoski, H.; Huoponen, K.; Simell, O. Long-term oral lysine
supplementation in lysinuric protein intolerance. Metabolism 2007, 56, 185–189.

5. Tanner, L.; Näntö-Salonen, K.; Niinikoski, H.; Erkkola, R.; Huoponen, K.; Simell, O. Hazards
associated with pregnancies and deliveries in lysinuric protein intolerance. Metabolism 2006, 55,
224–231.

6. Zhou, Y.; Dou, X.; Zhang, C.; He, R.; Ding, Y. Hyperammonemia in a pregnant woman with
citrullinemia type I: A case report and literature review. BMC Pregnancy Childbirth 2022, 22, 950.

7. Wilcox, G. Impact of pregnancy on inborn errors of metabolism. Rev. Endocr. Metab. Disord.
2018, 19, 13–33.

8. Ünal, Ö.; Coşkun, T.; Orhan, D.; Tokatl, A.; Dursun, A.; Hişmi, B.; Özyüncü, Ö.; Sivri, S.H.K.
Pregnancy and lactation outcomes in a Turkish patient with lysinuric protein intolerance. JIMD
Rep. 2014, 13, 33–36.

9. Mikołajek-Bedner, W.; Torbé, A.; Kwiatkowski, S.; Michalczyk, M.; Gizewska, M.; Rokicki, D.;
Rzepka, R.; Konstanty-Kurkiewicz, V.; Domański, M.; Czajka, R. Pregnancy delivery and
puerperium in a patient with lysinuric protein intolerance—A case report. Ginekol. Pol. 2013, 84,
654–656.

10. Osada, H.; Seki, K. Amino acid changes during successful pregnancy in a case of lysinuric protein
insufficiency. Gynecol. Obstet. Invest. 2006, 61, 139–141.

11. Pané, A.; Milad, C.; Santana-Domínguez, M.; Baños, N.; Borras-Novell, C.; Espinosa, G.;
Magnano, L.; Nomdedeu, M.; Moreno-Lozano, P.J.; Cofan, F.; et al. Lysinuric Protein Intolerance
and Its Nutritional and Multisystemic Challenges in Pregnancy: A Case Report and Literature
Review. J. Clin. Med. 2023, 12, 6405. https://doi.org/10.3390/jcm12196405

12. Manta-Vogli, P.D.; Schulpis, K.H.; Dotsikas, Y.; Loukas, Y.L. Nutrition and medical support during
pregnancy and lactation in women with inborn errors of intermediary metabolism disorders
(IEMDs). J. Pediatr. Endocrinol. Metab. 2020, 33, 5–20.

13. Walter, J.H. Inborn errors of metabolism and pregnancy. J. Inherit. Metab. Dis. 2000, 23, 229–
236.

14. Stepien, K.M.; Geberhiwot, T.; Hendriksz, C.J.; Treacy, E.P. Challenges in diagnosing and
managing adult patients with urea cycle disorders. J. Inherit. Metab. Dis. 2019, 42, 1136–1146.

15. Lindsay, K.L.; Hellmuth, C.; Uhl, O.; Buss, C.; Wadhwa, P.D.; Koletzko, B.; Entringer, S.
Longitudinal metabolomic profiling of amino acids and lipids across healthy pregnancy. PLoS



Lysinuric Protein Intolerance in Pregnancy | Encyclopedia.pub

https://encyclopedia.pub/entry/50243 5/5

ONE 2015, 10, e0145794.

16. Rama Rao, K.V.; Norenberg, M.D. Glutamine in the pathogenesis of hepatic encephalopathy: The
Trojan horse hypothesis revisited. Neurochem. Res. 2014, 39, 593–598.

17. Helling, G.; Wahlin, S.; Smedberg, M.; Pettersson, L.; Tjäder, I.; Norberg, Å.; Rooyackers, O.;
Wernerman, J. Plasma glutamine concentrations in liver failure. PLoS ONE 2016, 11, e0150440.

18. De Las Heras, J.; Aldámiz-Echevarría, L.; Martínez-Chantar, M.-L.; Delgado, T.C. An update on
the use of benzoate, phenylacetate and phenylbutyrate ammonia scavengers for interrogating
and modifying liver nitrogen metabolism and its implications in urea cycle disorders and liver
disease. Expert Opin. Drug Metab. Toxicol. 2017, 13, 439–448.

19. Inker, L.A.; Schmid, C.H.; Tighiouart, H.; Eckfeldt, J.H.; Feldman, H.I.; Greene, T.; Kusek, J.W.;
Manzi, J.; Van Lente, F.; Zhang, Y.L.; et al. Estimating Glomerular Filtration Rate from Serum
Creatinine and Cystatin C. N. Engl. J. Med. 2012, 367, 20–29.

20. Rana, S.; Burke, S.D.; Karumanchi, S.A. Imbalances in circulating angiogenic factors in the
pathophysiology of preeclampsia and related disorders. Am. J. Obstet. Gynecol. 2022, 226,
S1019–S1034.

21. Zeisler, H.; Llurba, E.; Chantraine, F.; Vatish, M.; Staff, A.C.; Sennström, M.; Olovsson, M.;
Brennecke, S.P.; Stepan, H.; Allegranza, D.; et al. Predictive Value of the sFlt-1:PlGF Ratio in
Women with Suspected Preeclampsia. N. Engl. J. Med. 2016, 374, 13–22.

22. Nikolac, N.; Omazic, J.; Simundic, A.M. The evidence-based practice for optimal sample quality
for ammonia measurement. Clin. Biochem. 2014, 47, 991–995.

23. Huizenga, J.R.; Tangerman, A.; Gips, C.H. Determination of ammonia in biological fluids. Ann.
Clin. Biochem. 1994, 31, 529–543.

24. Jóźwik, M.; Jóźwik, M.; Pietrzycki, B.; Chojnowski, M.; Teng, C.; Jóźwik, M.; Battaglia, F.C.
Maternal and fetal blood ammonia concentrations in normal term human pregnancies. Biol.
Neonate. 2005, 87, 38–43.

Retrieved from https://encyclopedia.pub/entry/history/show/113620


