NEFROLOGIA 2024;44(2):276-312 281

BIBLIOGRAFTA

1. Past6 Cardona L, Martorell Puigserver C, Mercadal Orfila G,
Machi Ribes JJ, Jédar Massanés R. Intoxicaciones agudas en el
servicio de urgencias de un hospital universitario de nivel III:
cambios producidos en los ultimos 10 anos. Rev. Toxicol.
2007;24:36-41.

2. Burillo-Putze G, Munne P, Duefias A, Pinillos MA, Naveiro JM,
Cobo J, et al. National multicentre study of acute intoxication
in emergency departments of Spain. Eur ] Emerg Med.
2003;10:101.

3. Burillo G, Munne P, Duenas A, Trujillo Martin MM, Jiménez
Sosa A, Adrian Martin MJ, et al. Intoxicaciones agudas: perfil
epidemiolégico y clinico, y andlisis de las técnicas de
descontaminacion digestiva utilizadas en los servicios de
urgencias espanoles en el ano 2006 ~Estudio HISPATOX-.
Emergencias. 2008;20:15-26.

4. Patel N, Bayliss GP. Developments in extracorporeal therapy
for the poisoned patient. Adv Drug Deliv Rev. 2015;90:3.

5. Ghannoum M, Roberts DM, Hoffman RS, Ouellet G, Roy L,
Scott Decker B, et al. A stepwise approach for the
management of poisoning with extracorporeal treatments.
Semin Dial. 2014;27:362.

6. Tunget CL, Clark RF, Turchen SG, Manoguerra AS. Raising the
decontamination level for thyroid hormone ingestions. Am J
Emerg Med. 1995;13:9-13.

7. Nygaard B, Saedder EA, Dalhoff K, Wikkelsoe M, Jiirgens G.
Levothyroxine Poisoning - Symptoms and Clinical Outcome.
Basic Clin Pharmacol Toxicol. 2015;117:280-5.

8. Beier C, Liebezeit B, Volkl TMK, Zimdars K, Dorr HG.
Intoxikation mit I-thyroxin in suizidaler absicht bei einer
jugendlichen. Klin Padiatr. 2006;218:34-7.

9. De Luis DA, Abad L, Aller R, Gonzdlez-Sagrado M, Duenas A.
Intoxicacién con levotiroxina: Manifestaciones clinicas y
manejo terapéutico. An Med Interna. 2004;21:39-41.

10. Savran Y, Mengi T, Keskinkilic M. A severe case of
levothyroxine intoxication successfully treated in intensive
care unit. ] Acute Dis. 2018;7:175.

11. Ghannoum M, Hoffman RS, Gosselin, Nolin TD, Lavergne V,
Roberts DM. Use of extracorporeal treatments in the
management of poisonings. Kindey Int. 2018;94:P682-8.

Laura Salanova*, Pablo Ruano Suarez
y Sara Jimenez Blanco

Nefrologia, Hospital La Princesa Madrid, Espafia

* Autor para correspondencia.
Correo electrénico: aelita.sv@gmail.com (L. Salanova).

0211-6995/© 2021 Sociedad Espafiola de Nefrologia. Publicado
por Elsevier Espafia, S.L.U. Este es un articulo Open Access
bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
https://doi.org/10.1016/j.nefro.2021.11.006

Hipomagnesemia familiar con hipercalciuria y

Check for
updates

nefrocalcinosis asociada a hipoacusia

neurosensorial

Familial hypomagnesemia with hipercalciuria and nephrocalcinosis
associated with sensorineural hearing loss

Sr. Director:

La hipomagnesemia familiar con hipercalciuria y nefrocalci-
nosis (HFHN) es un trastorno tubular que se caracteriza por
la excrecién urinaria excesiva de magnesio y calcio y por el
deterioro progresivo de la funcién renal, con evolucién a enfer-
medad renal crénica en relacién con los depésitos de calcio
en el parénquima renal'. Se trasmite con herencia autosé-
mica recesiva, asociada a la mutacién en los genes CLDN16
y 19, que codifican la claudina-16 y 19, que intervienen en el
transporte paracelular del calcio y del magnesio a través de
las tight junctions, o zonas de unién intercelulares de la mem-
brana apical en el segmento grueso de la rama ascendente de
Henle?>.

El cuadro clinico incluye sintomas directamente relaciona-
dos con la tubulopatia, como poliuria, polidipsia, presencia de
litiasis, nefrocalcinosis e infecciones de repeticién. Por otro
lado, se han asociado otros sintomas, como alteraciones neu-
romusculares y alteraciones oculares®°.

Presentamos el caso de un varén de 29 anos con anteceden-
tes desde la infancia de hipoacusia neurosensorial moderada
en seguimiento por Otorrinolaringologia, ademds de nis-
tagmo horizontal, miopia y astigmatismo en seguimiento por
Oftalmologia, y trastorno paranoide con baja adherencia tera-
péutica en seguimiento por Psiquiatria.

Al estudiar sus antecedentes familiares, tenia dos her-
manos sanos, y ademas existia una relacién consanguinea
colateral, al ser sus padres primos.

En marzo de 2020 es derivado a consultas de Nefrologia
por deterioro progresivo de la funcién de renal, con crea-
tinina 2,03mg/dl y FGe 41 ml/min, y leucocituria estéril; ya
presentaba en mayo de 2017 un filtrado glomerular estimado
(FGe) de 52 ml/min (Cr 1,76 mg/dl). Referia encontrarse clinica-
mente asintomatico, aunque mantenia poliuria de unos 2-31
(V/GFR=1,88) y polidipsia habitual, no apreciada como exce-
siva por el paciente.


https://doi.org/
http://www.revistanefrologia.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2021.11.009&domain=pdf
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0030
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0035
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0040
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0045
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0050
mailto:scrnefrologia@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefro.2021.11.009
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2021.11.002&domain=pdf
dx.doi.org/10.1053/j.ajkd.2021.06.004
dx.doi.org/10.1016/j.xkme.2021.05.002
dx.doi.org/10.1016/j.xkme.2021.05.002
dx.doi.org/10.1016/j.ekir.2021.09.008
dx.doi.org/10.1016/j.kint.2021.05.022
dx.doi.org/10.1016/j.kint.2021.04.024
dx.doi.org/10.1093/ckj/sft029
dx.doi.org/10.1046/j.1523-1755.2001.00006.x
dx.doi.org/10.2215/CJN.00910121
dx.doi.org/10.1016/j.transproceed.2019.12.008
dx.doi.org/10.1111/ctr.12389
mailto:m.alonsom94@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefro.2021.11.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2021.11.006&domain=pdf
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0060
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0065
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0070
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0075
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0080
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0085
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0090
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0095
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0100
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0105
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
http://refhub.elsevier.com/S0211-6995(21)00279-4/sbref0110
mailto:aelita.sv@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefro.2021.11.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nefro.2021.11.005&domain=pdf

282 NEFROLOGIA 2024;44(2):276-312

Tabla 1 - Evolucion de datos bioquimicos en sangre y orina de primera consulta de Nefrologia, al diagnéstico, al mes y a

los 3 meses de tratamiento

05/03/2020 02/07/2020 24/07/2020 01/10/2020

(1.2 consulta) (al inicio del tratamiento) (al mes de inicio del tratamiento) (a los 3 meses)
Hematocrito (%) 39,7 39 36,7 37,7
Hemoglobina (g/dl) 13,4 13,9 12,5 12,7
Leucocitos (x mm?) 7.560 7.620 6.780 9.710
Neutréfilos (%) 53,9 73,7 62,1 53,1
Plaquetas 308 303 281 288
Uremia (mg/dl) 33 51 40 42
Creatinemia (mg/dl) 2,18 2,32 2,03 2,06
Uricemia (mg/dl) 9,3 4,2 5,7
Calcemia (mg/dl)® 8,4 7,51 6,73 8,2
Fosfatemia (g/dl) 3,3 2,6 3 3,6
Magnesemia (mg/dl) 0,96 0,84 0,88 0,93
Ionograma (Na/K/Cl) 143/4/97 142/3,4/104 143/4,3/103 139/4,4/—
Paratohormona (ng/dl) 156 196 98,6
PH/pCO,/HCOs 7,22/37,3/14,9 7,31/47,6/22
Diuresis (ml/24 h) 2.700 2.300 2.550
Calciuria (mg/dl) y Ca/Cr (mg/mg) 12,22 (0,15) 6,56 (0,098) 5,73 (0,084)
Magnesiuria (mg/dl) y Mg/Cr (mg/mg) 7,4 (0,11)
Creatinina (mg/dl) 81,2 67,2 67,9
Uricosuria (mg/dl) 4,5
Proteinuria (mg/dl) 48,5 23,7 8,6
Citraturia (mg/dl) 2,1 6,4
pH urinario 6,5 8 7,5
Leucocitos ++ + +
Bacterias Negativo Negativo Negativo

@ Calcio corregido por proteinas totales.

Se cit6 para revisiéon en consultas de Nefrologia, ampliando
el estudio. Sin embargo, el paciente acude a Urgencias por
calambres y sensacién de «<hormigueo», de 3 semanas de evo-
lucién, con empeoramiento en los ultimos dias, quedando
ingresado en Nefrologia para tratamiento sintomatico y com-
pletar el estudio.

Analiticamente se objetivé deterioro de la funcién renal,
con hipocalcemia (7,7 mg/dl), hipomagnesemia (0,96 mg/dl),
acidosis metabdlica normoclorémica, GAP elevada, hiperuri-
cemia e hiperparatiroidismo (tabla 1).

En orina presentaba pH de 8, con excrecién elevada de
magnesio y disminuida de acido Urico. La excrecién urinaria
de calcio se encontraba dentro de los niveles de normalidad,
aunque anormalmente elevada en relacién con los niveles en
sangre (tabla 1). La oxaluria era normal.

Los hallazgos orientaron al diagnéstico de un trastorno
tubular con pérdida urinaria excesiva de magnesio y de cal-
cio. Tanto la historia familiar, con datos de consanguinidad, y
la asociacién desde la infancia de alteraciones oculares, eran
compatibles con HFHN.

Por todo ello, se solicit6 un andlisis genético, que detectd en
Figura 1 - En la ecografia renal se aprecian rifiones de homocigosis un cambio en el gen CLDN19 (c.59G>A (p.G20D),
aspecto crénico con cortical adelgazada con material descrito en la bibliografia como «mutacién espanola/hispanica
hiperecogénico a nivel medular compatible con o fundadora». Esta da lugar al cambio de glicina por acido
nefrocalcinosis. aspartico en la posicién 20 de la claudina-19, que altera el
péptido senial y hace que la proteina mutante quede rete-
nida dentro de la célula y no llegue a su localizacién en la
membrana celular! 2.

Se pauté tratamiento con alopurinol, carbonato célcico,
citrato potasico, bicarbonato sédico y lactato magnésico, con

Ecograficamente mostraba rinones de aspecto crénico dis-
minuidos de tamaifio. A nivel medular se observé material
hiperecogénico compatible con nefrocalcinosis (fig. 1).
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buena evolucién clinica, aunque con dificil control de la mag-
nesemia y la calcemia. En las revisiones en consultas en los
meses posteriores no se observé mayor deterioro de funcién
renal.

La asociaciéon de las alteraciones oculares en la HFHN, como
el nistagmo, la miopia y el coloboma, ha sido bien definida
y estudiada en la bibliografia, y se encuentra estrechamente
relacionada con la mutacién del gen CLDN19 (hasta en el 90%
de los pacientes), pero no asi con el gen CLDN16°°.

Sin embargo, se desconoce sipudiera existir una asociacién
entre la HFHN vy las alteraciones auditivas. Diversos estudios
han demostrado que la hipomagnesemia incrementa la sus-
ceptibilidad para el desarrollo de hipoacusia neurosensorial.
Se conoce que el magnesio tiene un importante efecto neu-
roprotector y vasodilatador a nivel auditivo’®. Los niveles
persistentemente bajos de magnesio en estos pacientes con
HFHN podrian predisponerlos a sufrir una pérdida auditiva
neurosensorial o a padecer sordera subita, como en el caso
clinico.

Por otro lado, si se han relacionado mutaciones en otras
claudinas con alteraciones auditivas, como la mutacién del
gen CLDN14 en la sordera autosémica recesiva DFNB29°. Las
claudinas 14 y 19 se encuentran presentes en el epitelio de las
células ciliadas de la cdclea, y en modelos murinos se ha des-
crito su expresion en el desarrollo posnatal’®. Sin embargo,
hasta el momento se desconoce si mutaciones en el gen
CLDN19 podrian producir alteraciones auditivas, asociadas o
no a la HFHN.
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